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Foreword

Founded in 1949, the Council of Europe is the
oldest and largest of all European institutions and
now numbers 46 member states.* One of its founding
principles is that of increasing co-operation between
member states to improve the quality of life for all
Europeans. Within this context of intergovernmental
co-operation in the field of health, the Council of
Europe has consistently selected ethical problems
for study. One of the most important of these ethical
issues relates to the prohibition of financial gain
from the human body and its parts, including blood,
organs, tissues and cells.

Transplantation-related activities at the Council
of Europe are co-ordinated by the European Direc-
torate for the Quality of Medicines & HealthCare
(EDQM). This directorate is a key European organi-
sation involved in the harmonisation, co-ordination,
standardisation, regulation and quality control of
medicines, blood transfusion, organ, tissue and cell
transplantation, pharmaceuticals, pharmaceutical
care, consumer health, cosmetics and food packaging.

Transplant and reproductive medicine have
progressed in recent decades in ways that could not
have been imagined previously. As with organs, the
demand for some tissues and cells far outweighs the

* Albania, Andorra, Armenia, Austria, Azerbaijan,
Belgium, Bosnia and Herzegovina, Bulgaria, Croatia, Cy-
prus, Czech Republic, Denmark, Estonia, Finland, France,
Georgia, Germany, Greece, Hungary, Iceland, Ireland, Ita-
ly, Latvia, Liechtenstein, Lithuania, Luxembourg, Malta,
Republic of Moldova, Monaco, Montenegro, Netherlands,
North Macedonia, Norway, Poland, Portugal, Romania,
San Marino, Serbia, Slovak Republic, Slovenia, Spain, Swe-
den, Switzerland, Tiirkiye, Ukraine, United Kingdom.
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available supply. This has important consequences
because human tissues and cells for human applica-
tion can restore essential functions or, in some cases,
save lives. However, as with all material of human
origin, they carry risks of disease transmission that
must be controlled by application of scrupulous donor
selection and testing criteria, and also by ensuring
that comprehensive quality systems are in place.

This Guide

he Guide to the quality and safety of tissues and

cells for human application, published first in
2013 and now in its sth edition, collates the most up-
to-date information to provide healthcare profes-
sionals with a comprehensive overview of the most
recent advances in the field as well as technical guid-
ance on ensuring the quality and safety of human
tissues and cells applied to patients. To increase
safety for the recipients of human tissues and cells, it
is essential that professionals involved in identifying
potential donors, transplant co-ordinators managing
the process of donation after death, bone marrow
and cord blood and other cell and tissue type collec-
tion centres, fertility clinics, tissue establishments
processing and storing tissues and cells, testing lab-
oratories, organisations responsible for human appli-
cation, inspectors auditing these establishments and
Health Authorities responsible for tissues and cells
for human application all have easy access to this in-
formation. This Guide aims to support professionals
at a practical level and improve the rate of successful
and safe clinical application of tissues and cells.
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The requirements documented in this Guide
represent the agreed opinions of experts in the field
of tissue and cell banking as to what they consider
to be the safest and most effective protocols, based
on documented evidence, scientific principles and
their professional knowledge and experience. Where
a requirement is stated to be a “must” it is based
on an EU legal requirement and/or strong docu-
mented evidence that supports the application of
the requirement to ensure appropriate quality and
safety profiles. Thus, “must” indicates “what must
be done”. However, this Guide goes further by pro-
viding additional technical advice on what “should”
be done based on generally accepted good practices,
expert opinion, relevant literature and the recom-
mendations arising from results of many interna-
tional projects. These additional recommendations
should be taken into consideration to achieve the
highest quality and safety standards. Any deviation
from, or alternative protocol to these requirements
(both “must” and “should”), must be demonstrated
to result in an equally good or better outcome than
the approach specified in this Guide. In addition, this
Guide provides further explanatory and background
information to help explain the underlying rationale
(the “why and how”) for the guidance given, and for
general purposes. This information should be taken
into account when considering policy decisions and
educational initiatives.

Changes in the sth edition

hereas tissue establishments in EU member

states are required to comply with EU direc-
tives, this Guide has a broader scope and is intended
to facilitate ongoing improvements in the dona-
tion, procurement, testing, processing, preservation,
storage, release, distribution and import/export of
tissues and cells through education and the provision
of non-binding recommendations for all Council of
Europe member states, including those in the EU,
but also beyond the Council of Europe borders. At
any given time, implementation of these recommen-
dations among member states and individual tissue
establishments may vary, and alternative procedures,
practices and equivalent standards of quality and
safety based on a careful risk-based assessment may
be in place.

In this edition, the use of the words ‘must’
and ‘should” when providing guidance has been
thoroughly revised. Throughout this Guide, use of
the word ‘must’ indicates mandatory compliance in
alignment with Council of Europe recommendations
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and resolutions as well as with the current EU direc-
tives,’ but it also applies in those circumstances where
an established good practice has been considered as
essential by the working group. In the use of ‘should’,
the aim is to indicate recommended compliance in
accordance with commonly accepted good practice.

Unless otherwise stated, the guidelines apply
only to human tissues and cells intended for trans-
plantation or clinical use (including medically as-
sisted reproduction). In this sth edition, chapters
have been updated and extended and some new ones
introduced. This responds to an increased interest
in the field of tissues and cells, not only from pro-
fessionals with regard to their potential applications
and quality standards but also from Health Authori-
ties, since the rapid development of novel processing
methods and clinical applications requires the estab-
lishment of well-defined quality and safety criteria
on which to base regulatory requirements. Therefore,
in this sth edition great efforts have been made to
respond to these needs. As a consequence this new
edition is now divided into four parts, A to D.

Part A (Chapters 1-18) contains general require-
ments applicable to all tissue establishments and or-
ganisations involved in the donation, procurement,
testing, processing, preservation, storage, distribu-
tion and import/export of tissues and cells, including
the introduction of novel processes and clinical ap-
plications. All chapters have been extensively revised
and updated incorporating all new developments in

t Directive 2004/23/EC of the European Parliament
and of the Council of 31 March 2004 on setting standards
of quality and safety for the donation, procurement, tes-
ting, processing, preservation, storage and distribution of
human tissues and cells.

Commission Directive 2006/17/EC of the European
Parliament and of the Council as regards certain technical
requirements for the donation, procurement and testing of
human tissues and cells.

Commission Directive 2006/86/EC of 24 October
2006 implementing Directive 2004/23/EC of the European
Parliament and of the Council as regards traceability re-
quirements, notification of serious adverse reactions and
events and certain technical requirements for the coding,
processing, preservation, storage and distribution of hu-
man tissues and cells.

Commission Directive EU 2015/566 of April 2015
implementing Directive 2004/23/EC as regards the proce-
dures of verifying the equivalent standards of quality and
safety of imported tissues and cells.

Commission Decision 2010/453/EU of 3 August
2010 establishing guidelines concerning the conditions of
inspections and control measures, and on the training and
qualification of officials, in the field of human tissues and
cells provided for in Directive 2004/23/EC of the European
Parliament and of the Council.
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the field, but some of the main changes in this part provide more guidance on testing for bacte-
include: rial endotoxins and bioburden testing, and the
o Chapter 2: The former chapter on quality man- validation of efficacy of decontamination with

agement, risk management and validation
has been split into two separate chapters. The
new Chapter 2 - Quality management and
validation has been completely revised and
updated, the responsibilities of the Responsible
Person and Quality manager have been defined
and the differences between the various pro-
cesses within the quality management systems
have been clarified. Alongside this, the new
Chapter 3 — Risk management provides the
user with tools to evaluate risks in their tissue
establishments, including fertility clinics. A
new IT tool, the EDQM Microbiological Risk
of Contamination Assessment tool (MiRCA),
has been developed with the aim of assisting
procurement organisations and tissue estab-
lishments to identify potential microbiological
risks in novel, existing or changed aseptic pro-
cesses, and to support management decisions
to mitigate risks in aseptic processes. This
tool is hosted in a dedicated IT portal and it is
hoped that it will prove to be a valuable tool for
tissue establishments, inspectors and Health
Authorities in evaluating risks.

Chapter 5 — Donor evaluation: In addition to
general guidance when assessing tissue donors,
this chapter now includes a dedicated section
with guidance on undertaking risk assess-
ments in the case of deceased tissue donors

antibiotics. The guidance on the correct use of
microbiological test methods described in the
European Pharmacopoeia has been updated.
In addition, the list of micro-organisms that
should result in the discard of grafts (unless
treated with a validated sterilisation process)
has been thoroughly revised.

Chapter 13 - Interaction between tissue
establishments and organisations responsible
for human application: Emphasises the need
for close co-operation between tissue establish-
ments, organisations responsible for human ap-
plication and Health Authorities in responding
to the introduction of novel processes and clin-
ical applications in the field of tissues and cells.
Chapter 17 - Biovigilance: Has been throughly
revised and has real examples of the assess-
ment of serious adverse reactions and events
related to the use of reproductive and non-
reproductive tissues and cells included for edu-
cational purposes.

Chapter 18 - Introduction of novel processes
and clinical applications: Has been moved to
Part A of the guide and aims to outline key el-
ements to be considered when developing and
authorising novel processes and/or new clin-
ical applications.

Part B (Chapters 19-34) contains specific guide-

with an antecedent or tumour diagnosis (non- lines and requirements for the different substances of
haematological and non-CNS tumours). human origin addressed in this guide. Every chapter

o Chapter 6 - Donor testing - markers for has been revised, updated and extended. Relative
infectious diseases: Includes new algorithms contraindications for the acceptance of donors of
for the interpretation of results of tests for HIV, these tissues and cells have been revised, considering
HCV and HBV infectious markers. case-by-case scenarios requiring careful risk assess-

o Chapter 7 - Procurement and Chapterg - ment. A dedicated section on patient follow-up has
Processing: Guidance in both chapters has been included in all relevant chapters. Some addi-
been revised in full. Both chapters, used in con-  tional changes include:

junction with the MiRCA tool, would allow for
an extensive assessment of individual and ag-
gregated risk of contamination factors, which
may be used by tissue establishments to decide
on and prioritise risk-mitigation actions, to
improve procurement and processing activities.
Chapter 8 — Premises: Now contains guidance
on environmental monitoring.

Chapter 10 - Storage: Has become a standalone
chapter, with Chapter 12 dedicated to Release,
distribution and import/export.

Chapter 11 - Principles of microbiological
testing: Has been thoroughly revised to
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o The inclusion of appendices related to

Chapter 25, dealing with umbilical cord blood
progenitors.

o Dedicated chapters expand the guidance on

pancreatic islets (Chapter 26), hepatocytes
(Chapter 27) and adipose tissue (Chapter 28).
Chapter 29 - Medically assisted reproduction
and Chapter 30 - Fertility preservation have
been updated with new information to provide
updated guidance including, among other
relevant information, a dedicated section on
pre-implantation genetic testing.

Chapter 31 - Human milk, Chapter32 -
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Intestinal microbiota and Chapter 33 — Blood Expertise involved and

components for topical use or injection have
been moved to this part. While the regula-
tory status of these substances may vary from
country to country, the risks associated with
their human origin and the processes applied
to donor selection, procurement, processing
and preservation have the same purpose and
are analogous to those of the rest of the tissues
and cells described in this Guide. Therefore,
these chapters, without intending to pre-empt
any regulatory decisions, provide a generic
quality and safety framework for tissue estab-
lishments or any facility dealing with these
substances.

Chapter 34 — Tissues and cells as starting
materials: This new chapter provides guid-
ance for authorised tissue establishments on
quality and safety aspects, mainly in donation,
procurement, testing and distribution of the
starting material for further processing for the
production of novel therapies involving human
tissues and cells.

Part C includes the Good Practice Guidelines
(GPG) for tissue establishments, which have been
extensively revised in this edition. These guidelines,
which aim at promoting high levels of quality in the
field of human tissues and cells, should be seen as a
complementary document for tissue establishments
and inspectors/auditors, describing in detail, and
from a practical point of view, the key elements that
should be defined and controlled for achieving com-
prehensive quality management systems in tissue
establishments.

Finally, Part D includes tissue and cell mono-
graphs, providing information about tissue and cell
preparations and clinical applications that are pre-
cisely defined and have been shown to be safe and ef-
fective when used in patients (consolidated processes
for consolidated uses). Tissue and cell monographs
are complementary to other sections of the Guide and
aim to be useful tools for tissue establishments and
Health Authorities, providing the minimum criteria
and controls necessary to ensure the quality of tissues
and cells processed by tissue establishments. By refer-
ring to these tissue and cell monographs, both tissue
establishments and Health Authorities would know
that products that do not have a matching mono-
graph may need more attention (more risk assess-
ment, validation, possibly clinical studies, etc.) before
they can be authorised and supplied for routine use.
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Chapter1. Introduction

11.  Introduction
We are entering a new age of medical and bio-
technological progress. Medical procedures
that were unimaginable a generation ago are a reality
today. One aspect of the recent and rapid advances
in biological and medical research is that human
tissues and cells are being used increasingly in new
ways. Many of these developments, such as advances
in transplantation therapy or in medically assisted
reproduction (MAR), have unquestionable benefits.
However, using human tissues and cells in different
ways also raises questions of safety, quality and effi-
cacy, and presents new ethical dilemmas.

Tissue from one deceased donor may be trans-
planted into as many as 100 individuals. Some other
tissues and cells can be provided only by living donors,
as long as this procedure does not risk serious harm
to the donor or endanger the donor’s life. Transplan-
tation of tissues and cells can range from life-saving
treatments (e.g. in the treatment of catastrophic
burns) to quality-of-life improvements. In addition,
donated gametes and embryos may help fulfil a per-
son’s wish to have children.

Some tissues are used practically unaltered
from the condition in which they were removed from
the donor. Deceased donor corneas, for example, are
used to restore sight, heart valves replace damaged
ones and extend life, tendons and ligaments may
be used for the treatment of sporting injuries or to
repair degenerative defects, and skin can be em-
ployed as temporary cover for major burns or to
support the healing of ulcers. Other tissues, however,
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are processed into products that are almost unrec-
ognisable as bodily material. Skin, for example, may
be cut into conveniently sized dressings, incorpo-
rated into sprays or gels, or decellularised for use in
various surgical procedures. Bone can be processed
into hundreds of different products and distributed
via a global medical market for use in orthopaedics
(general and oncology), sports medicine, craniofacial/
maxillofacial/dental surgery and neurosurgery. Cel-
lular components of bone may be removed entirely
and even the calcium may be removed to promote in-
corporation and tissue regeneration. Bone allografts
may be precision-cut and sized, and bone can also be
supplied in soft, pliable or injectable forms. If a de-
ceased donor has consented to the use of any part of
their body for the treatment of others (or their legal
representative, e.g. a relative, has authorised this to
fulfil the donor’s wishes), then many tissues - in-
cluding bone, heart valves, skin, corneas, ligaments,
cartilage, connective and adipose tissue, glands and
nerves — can be used for therapeutic purposes.

In contrast, amniotic membranes, amniotic
placenta and skull bone are donated by living persons.
Also, femoral heads removed during an operation to
replace a hip joint and heart valves from patients re-
ceiving a heart transplant are sometimes processed
and ‘recycled’. In addition, many types of cell can be
donated (some during life and some after death) and
submitted to different degrees of manipulation before
application in humans. Examples include haemato-
poietic progenitor cells (e.g. bone marrow, peripheral
blood progenitor cells, umbilical cord blood), somatic
cells (e.g. peripheral blood cells, keratinocytes, chon-
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drocytes, hepatocytes), mesenchymal stromal cells
and limbal stem cells. Oocytes, spermatozoa, ovarian
or testicular tissue and embryos can be used in MAR
procedures to achieve pregnancy.

Human tissues and cells could also be the
potential starting material for much more complex
products in the future.

1.2.  Scope and purpose of this

Guide

his is the sth edition of the Council of Europe

Guide to the quality and safety of tissues and
cells for human application. This Guide has two main
objectives:

1. It aims to provide sound information and
guidance - for all professionals involved in
donation, banking, transplantation and other
clinical applications of tissues and cells - to
optimise the quality and minimise the risks
of these complex procedures. All material of
human origin carries risks of disease transmis-
sion that must be controlled by application of
scrupulous criteria of donor selection and test-
ing, compliance with biovigilance system pro-
cedures and comprehensive systems to assess
quality. The idea behind this Guide is to help
professionals on a practical level by providing
generic guidance and detailed good practice
guidelines (GPG) that will help improve the
rate of successful clinical application of tissues
and cells.

This Guide includes ethical principles and
guidelines to be considered for the donation
and human application of tissues and cells.

The field of tissue and cell donation and
banking is now highly regulated in many countries.
In the European Union (EU), the relevant directives
describe the requirements and have been transposed
into the national legislation of the EU member states.
This Guide refers to those requirements, where appro-
priate, but goes beyond them to describe generally ac-
cepted good practice at a technical level and includes
some consideration of ethical issues. Therefore, it
will be useful as a source of practical information for
those working within the EU legislative framework
and those working within national legal frameworks
in all Council of Europe member states and beyond.

It is worth noting that, in the EU, activities
involving cells and tissues that are subject to sub-
stantial manipulation or are used for a different es-
sential function in the recipient than in the donor
are not governed by tissues and cells directives but
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fall under Regulation (EC) No. 1394/2007 (the ‘Ad-
vanced Therapy Medicinal Product (ATMP) Regula-
tion’). Thus, in EU countries, this Guide would only
apply to the donation, procurement and testing steps
leading to the production of ATMPs. In any case, it is
important to take into account that this Guide does
not provide any guidance on how human tissues
and cells are or should be regulated, so users of this
Guide are advised to carefully consider the national
legal requirements that apply to the activities they are
undertaking.

According to the World Health Organization
(WHO) aide-mémoire on the donation and trans-
plantation of tissues and cells [1], national Health
Authorities are responsible for ensuring that the do-
nation, banking and human application of tissues
and cells are promoted, regulated and monitored ap-
propriately in the interests of patient safety and public
transparency. More specifically, they are responsible
for ensuring that:

a. an appropriate legislative/regulatory frame-
work is in place;

b. national/international practice standards have
been defined;

c. there is inspection/authorisation of screening,
testing, procurement, processing, storage, dis-
tribution, import and export;

d. there are programmes for vigilance and sur-
veillance of adverse outcomes;

e. there is monitoring and reporting of donation,

processing, storage, distribution and import/
export activity.

In this Guide, the term ‘Health Authority’ is
used throughout to refer to a body that has been del-
egated the responsibility for these activities on a na-
tional or regional basis by their government. Other
similar terms, such as ‘regulatory authority’, ‘regula-
tory agency’ or, in the EU, ‘competent authority’, are
equivalent to it. It should be noted that in some coun-
tries, the activities described in this Guide may be
controlled by different Health Authorities - e.g. sepa-
rate authorities may regulate MAR and the donation,
banking and human application of other tissues and
cells. Unless otherwise indicated, the term ‘member
states’ signifies member states of the Council of
Europe.

Human tissues and cells also play a key part in
medical research. In clinical trials of new medicines,
for example, vital information about the effects of
the medicine on an individual can be obtained from
samples of tissues or cells and other materials pro-
vided by research participants. However, tissue is also
used much more widely in medical research, from
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early drug ‘discovery’ (such as using human tumour
samples to discover possible targets for treatment) to
later clinical development whereby samples may be
used to identify which subgroups of patient popula-
tions respond best to a new medicine. Additionally,
current research aims to develop artificial tissue that
could alleviate the shortage of tissue available for
human application. These forms of ‘basic’ research
using human tissue still have an ultimately thera-
peutic goal in mind. However, important though all
these possibilities are, this Guide covers only tissues
and cells used for current therapeutic purposes.

Similarly, all tissues and cells that are both
procured and applied within the same medical pro-
cedure are outside the scope of this Guide.

Finally, a glossary of terms is provided in
Appendix 3.

This book is the result of the collective effort
and expertise gathered by experts nominated by the
member states and professional associations in the
field (see Appendix 42), as well as by the members
and observers of the European Committee of Experts
on Organ Transplantation (CD-P-TO), for which see
Appendix 43.

For matters dealing with the use of organs and
blood or blood products, see the Guide to the quality
and safety of organs for transplantation and the Guide
to the preparation, use and quality assurance of blood
components [2], both published by the Council of
Europe.

Brief history of the
application and banking of
tissues and cells of human
origin

1.3.

he best documented accounts of early trans-

plants deal with skin transplantation, though the
success or failure of these procedures has not been
well documented. The first reliable account is that
of the Indian surgeon Sushruta in the 2nd century
BCE, who used autografted skin transplantation for
a nose reconstruction (rhinoplasty). Centuries later,
the Italian surgeon Gasparo Tagliacozzi carried out
successful skin autografts, but he consistently failed
with allografts, offering the first suggestion of rejec-
tion several centuries before that mechanism could
be understood. He attributed it to the ‘force and
power of individuality’ in his 1596 work De Curtorum
Chirurgia per Insitionem. Orthopaedic surgeons refer
to the origin of their discipline as 1668 when Job van
Meekeren reported on the grafting of bone from a
dog’s skull to correct a defect in a soldier’s cranium.
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It was not until 1869 that the first completely docu-
mented fresh human-skin allograft was carried out
by the Swiss surgeon Jacques Reverdin.

The first successful full-thickness corneal
transplant, a keratoplastic operation, was carried out
in 1905 by Eduard Zirm at Olomouc Eye Clinic in
Moravia (now Czech Republic). Pioneering work in
the surgical technique of transplantation was done in
the early 1900s by the French surgeon Alexis Carrel,
together with Charles Guthrie, who developed tech-
niques for suturing arteries and veins. Their skilful
anastomosis operations and new suturing techniques
laid the groundwork for later transplant surgery, and
Alexis Carrel won the 1912 Nobel Prize in Physiology
or Medicine for his work in the field. Major steps in
skin transplant occurred during the First World War,
notably through the work of Harold Gillies in Alder-
shot, UK. Among his advances was the tubed pedicle
graft, which maintained a fleshy connection from the
donor site until the graft established its own blood
supply.

Bone is the oldest tissue transplant on record
and the most common tissue transplanted today. The
first bone transplant recorded in modern times oc-
curred in Scotland in 1878 when Sir William Macewen
removed an infected humerus from a 12-year-old
boy and replaced it with three allografts from an
amputated tibia from another child with rickets. In
1907, Erich Lexer in Berlin developed a procedure to
remove a whole knee joint from an amputee in one
operating room and transport the ‘warm’ graft to an
adjacent operating room for immediate transplant
into the recipient. Five years later, Alexis Carrel’s
work predicted the storage of tissues for future trans-
plantation, and surgeons began to use bones and
developed their own ‘bone banks’. These pioneers
included Inclan in Cuba, Bush, Wilson and Hibbs in
the USA, Hult working in Sweden, Judet in France,
and Klen in what was then Czechoslovakia. Most of
these early bone banks were simply refrigerators and,
later, freezers, but greater sophistication was devel-
oped by bone banks in Leeds (UK), Berlin, Athens
and Warsaw. When long-term freezer storage of long
bones became feasible, limb-sparing surgery using
this type of bone allograft to avoid amputations in
the treatment of malignant skeletal tumours became
popular. Burrwell (UK), Parrish and Mankin (USA)
and Ottolenghi (Argentina) published their results.

The orthopaedic profession realised that, if
very large segments of bone could be transplanted
successfully, smaller segments could also be used.
This resulted in a very large increase in the use of
bone allografts. Tissue-storage methods were de-
veloped further during the 1950s by Hyatt at the US
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Navy Tissue Bank in Bethesda, Maryland, where
they adapted methods of lyophilisation from the
food preservation industry and applied the process
to the preservation of bone and skin, which could
then be easily stored, transported and reconstituted
for use when needed. This method of preservation
allowed bone to be stored and transported easily
without any electrical or mechanical requirements,
and has had a profound effect on the availability and
use of bone allografts. By the end of the 1990s, use
of musculoskeletal tissue allografts (i.e. bone, carti-
lage, soft tissue) had become commonplace in many
clinical areas. In 1944, Paton established the world’s
first eye bank, the Eye-Bank for Sight Restoration, in
New York. Subsequently, the first deceased-donor eye
bank was established in Odessa using eyes (packed in
glass containers) sent by rail from a trauma centre in
Moscow.

The first recorded cardiac valve transplantation
was carried out in Toronto by Gordon Murray, who
implanted an aortic allograft in the descending tho-
racic aorta to relieve aortic insufficiency in 1956. The
first orthotopic transplantation of the aortic valve
was undertaken by Donald Ross in London in 1962
and independently by Brian Barratt-Boyes in Auck-
land, New Zealand, a few weeks later. Pulmonary and
mitral valves were first used as allografts in subse-
quent years, with the pulmonary autograft procedure
being carried out first in 1967.

After the atomic bomb explosion in Japan that
ended the Second World War, many scientists began
to explore ways of protecting humans from radiation.
The first experiments were done in mice and later in
dogs by E.D. Thomas. As early as 1956, the idea that
bone-marrow transplants might exert a therapeutic
effect against malignancies was proposed by Barnes
and Loutit, who observed an anti-leukaemic effect
of transplanted spleen cells in experimental murine
models. In 1959, the first human bone-marrow trans-
plants gave proof of concept that infusions of bone
marrow could provide haematological reconstitution
in lethally irradiated patients with acute leukaemia.
E.D. Thomas performed transplants in two patients
with advanced acute lymphoblastic leukaemia, with
a syngeneic graft after high-dose total body irradia-
tion; the grafts were successful but the patients died
a few months later of relapse. G. Mathé administered
allogeneic bone marrow for the treatment of several
patients who had suffered accidental exposure to
irradiation, and most survived with autologous re-
constitution. In 1965, Mathé was the first to describe
long-term engraftment of sibling bone marrow,
thereby demonstrating chimerism, tolerance and an
anti-leukaemic effect. Although the transplant itself

was successful, the patient eventually died of vari-
cella with chronic graft-versus-host disease (GvHD).
In 1970, M. Bortin reported 203 transplants carried
out between 1958 and 1968, with only three patients
alive at the time of the report. The major causes of
death were graft failure, GVHD and relapse. After
these disappointing results, few centres persisted and
the number of transplants declined sharply.

Major progress came from the discovery of the
human leukocyte antigen (HLA) system by J. Dausset
and J.J. Van Rood. Selection of HLA-identical sib-
lings as bone-marrow donors diminished the risk of
rejection and GvHD. Using animal models, R. Storb
and E.D. Thomas developed the model of total
body irradiation for conditioning (in dogs) and the
use of methotrexate for GvHD prevention. In mice,
G. Santos showed that the use of cyclophosphamide
could add immuno-suppression to the myeloablation
of total body irradiation. He was also the first to use
busulfan instead of total body irradiation. In 1988, the
first successful cord blood stem-cell transplant was
done by E. Gluckman to treat a child with Fanconi’s
anaemia with cells from his healthy HLA-identical
sibling (related) donor. The first unrelated donor reg-
istry was established in London in 1974 by Shirley
Nolan, trying to find a HLA-match donor to her son
who was diagnosed with Wiskott-Aldrich syndrome.
After this first donor recruitment drive, the number
of bone-marrow and peripheral haematopoietic pro-
genitor cell donors increased all over the world, with
more than 40 million volunteer donors now regis-
tered, including more than 800 0oo cord blood units
(3].

Transplantation of pancreatic islets has been
carried out in humans since 1990 [4]. However, it was
not until 1999 that the first successful transplant of
pancreatic islets, using the so-called Edmonton Pro-
tocol, was undertaken by James Shapiro [5]. Euro-
pean centres became active around the same period,
but their transplant recipients had complications
of type-I diabetes that could not be managed with
insulin injections. The advantage of the Edmonton
Protocol was that it allowed restoration of the finely
tuned regulation of glucose metabolism through ap-
propriate insulin production by transplanted islets. In
2005, the first pancreatic islet transplant from a living
donor - from a 56-year-old woman to her 27-year-old
diabetic daughter - resulted in transplanted cells pro-
ducing insulin within minutes after transplantation.

On 25 July 1978, Louise Brown, the first in vitro
fertilisation (IVF) baby, was born in Oldham, UK [6].
Her birth was the result of the collaborative work of
Patrick Steptoe, Robert Edwards and their nurse and
embryologist Jean Marian Purdy. Since then, this
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research area has seen major improvements in the
laboratory - e.g. cryopreservation of gametes and
embryos, intracytoplasmic sperm injection (ICSI)
[7], pre-implantation genetic diagnosis [8] and im-
proved clinical management (such as methods for
ovarian stimulation and embryo culture conditions)
- thereby leading to a considerable increase in the use
of assisted reproductive technologies (ART) [9]. A
brief summary of the main relevant events in tissues
and cells transplantation is shown in Figure 1.1.

Benefits and risks of human
application of tissues and
cells

1.4.

Progress in the medical sciences has made it pos-
sible to effectively transplant human cells and
tissues from one person into another. For the applica-
tion of tissues and cells of human origin, selecting the
appropriate donor is essential to exclude individuals
whose donation could either pose a risk to their own
health or pose a risk to the recipient that exceeds the
expected benefit. The expected benefit will depend
on the initial pathology and the status of the recip-
ient, using a risk assessment methodology. The use of
tissues and cells for therapeutic purposes constitute
well-established techniques, outnumbering organ
transplants by more than tenfold. They offer major
therapeutic benefits to a wide range of patients, from
lifesaving (skin or arteries) to major improvement
in the quality of life of the recipient (cornea, bones).
Indeed, demand is rapidly increasing for bone trans-
plantation, particularly for secondary revision of
hip-replacement operations, as well as for skin treat-
ment of severely burned patients.

There are many differences between organ
and tissue transplants and these differences have an
impact on the risks associated with donation and
transplantation or clinical applications. For example,
the time to transplantation of an organ is usually
measured in hours, whereas clinical applications
of tissues are measured in days or years depending
on the tissue and the preservation method. Organs,
however, cannot be preserved for future use. An
organ donor can only supply a limited number of re-
cipients, where a tissue donor can be used in many
recipients. Organs cannot be sterilised before trans-
plantation, whereas tissues can often be subjected to
decontamination and/or sterilisation methodologies.
Because of these differences, donor-selection criteria
for tissue donors can often be more stringent.

Haematopoietic progenitor cells fall some-
where between organs and tissues in this comparison.
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They are intended to be life-saving and are usually
transplanted on the basis of one donor to one recip-
ient. However, they can be processed to some extent,
though not sterilised, and they can be stored for ex-
tended periods. Where bone marrow is donated by
an unrelated donor for a specific recipient and trans-
planted without freezing, the situation is very anal-
ogous to organ transplantation. In contrast, when
cord blood is donated to a public bank, stored for
years and possibly selected later for transplant to a
matching recipient, the situation is more analogous
to tissue banking.

In practice, the decision to use any donor-
derived tissues or cells will always be based on a clin-
ical assessment of the risk versus the benefit to the
patient, taking any alternative potential therapies
into consideration. This is because any human ap-
plication of tissues and cells carries not only process-
related risks, but donor-related disease-transmission
risks. The factors influencing the clinical outcome
are complex because there is an interaction between
two different biological systems, namely, those of the
donor and the recipient. Therefore, when assessing
the risk of human application of tissues and cells,
both donor and recipient should be considered. In
both cases, the potential benefits of the procedure
should outweigh the risks. Transparent communica-
tion and good collaboration between Health Author-
ities, tissue establishments and clinicians treating
patients are vitally important in any donation process.

Some of the most widely used tissues and cells,
and their benefits for recipients, are listed in Table 1.1.

With regard to the risks associated with the
human application of tissues and cells, Article 6 of
the Additional Protocol to the Convention on Human
Rights and Biomedicine concerning transplantation
of organs and tissues of human origin clearly estab-
lishes that:

all professionals involved in organ or

tissue transplantation must take all rea-

sonable measures to minimise the risks of
transmission of any disease to the recip-

ient and to avoid any action which might

affect the suitability of an organ or tissue

for implantation.

Careful evaluation of the donor’s medical
history, travel history, behavioural risks and history
of malignancies is necessary to keep the risk of trans-
mission of infections or malignancies to the recip-
ient as low as possible. These risks are covered in
Chapter 5. Specific criteria regarding tissues and cells
are discussed in detail in the relevant chapters of Part
B of this Guide.
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Table 11. Most widely used tissues and cells: the benefits for the transplant recipient

Tissues and cells

Function

Benefits for the recipient

Amniotic membrane

Forms the amniotic sac, filled with amni-
otic fluid, which surrounds and protects
the fetus; transfers oxygen and nutrients

Used in burns and wound healing (to
reduce surface inflammation, scarring
and pain in surgical applications), in

from mother to fetus

certain types of ulcers and in oral, maxil-
lofacial and ocular surface surgery

Bones and cartilage

Support the body and protect vital

organs

Used to repair or stabilise the spine and
other bones and cartilage damaged by
degeneration, trauma, cancer or birth
defects; also used in oral surgery and in
filling bone cavities or other areas where
bone mass has been lost

Corneas/eyes

Cornea and sclera together form the
outer coat of the eye: the cornea is
transparent and lets light into the eye;
the white sclera is opaque

Indicated for visual problems caused

by damage or deterioration of the front
part of the ocular globe; if whole eyes
are donated, the corneas can be used

in transplants for corneal blindness and
the sclera can be used for reconstructive
and glaucoma surgery

Gametes, reproductive tissues and
embryos

Generate a new human being

Used primarily for the treatment of
infertility in heterosexual couples and
to achieve pregnancy and live birth in
single women and same-sex couples;
can be stored to preserve fertility or
even re-establish gonadal function (in
the case of reproductive tissues). Medi-
cally assisted reproduction can also be
applied to avoid transmission of some
genetic or infectious diseases

Fascia

Fibrous tissue that covers muscles

Used to repair tendons, muscle, liga-
ments and deformities

Haematopoietic progenitor cells (bone
marrow, peripheral blood progenitor
cells and cord blood)

Haematopoiesis

Used for the treatment of haemato-
oncologic disorders, and genetic and
autoimmune diseases

Heart valves

Direct the flow of blood in the heart

Used for patients with valve defects,
especially in children

Pancreatic islets

Contain beta cells, which are responsible

for insulin production

A transplantation method that restores
an adequate mass of insulin-producing
beta cells in patients with diabetes

Pericardium Forms protective lining around the heart Used for replacement of dura mater in
the brain and for eye surgery
Skin Protects the body against injury, infec- Used for the treatment of burns patients,
tion and dehydration certain types of ulcer, abdominal wall
repairs and reconstructive or plastic
surgery
Tendons Attach muscle to bone For use in joint injuries

Veins and arteries

Provide a structure for the flow of blood

through the body.

Replace blood vessels that are damaged
by disease, trauma or prolonged dialysis
treatment. Also used in bypass surgery
to re-route blood flow.

Only tissues and cells recovered, processed,
stored and distributed within well-controlled quality
management systems of donation, processing, storage
and distribution are likely to function satisfacto-
rily and to reach an acceptable level of safety. The
donor-selection criteria and the conditions of pro-
cessing and preservation are crucial parameters that
need to be tightly controlled. Therefore, any organi-
sation involved in these processes should implement
a comprehensive quality-management system. Man-
agement commitment and support are essential for
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the development, implementation and monitoring
of a quality system to ensure continuous improve-
ment. All staff should understand the importance of
quality and their role in achieving it consistently (see
Chapter 2).

In summary, human application of tissues or
cells can confer great benefit for a patient, but it is
not without risk. In exceptional cases, a donation of
tissues or cells that does not meet all the necessary
safety or quality requirements may be used for human
application for a particular patient. This may occur,
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for instance, where the transplant is likely to be life-
saving and the alternative options for treatment of
that patient carry a poor prognosis. Similarly, couples
undergoing MAR treatments often use gametes that
would not meet selection criteria for non-partner
procedures (e.g. gametes from an infected partner,
low-quality sperm, gametes with a well-known risk
of transmission of a geneticdisease). Ultimately, pa-
tients contemplating use of any donated tissues or
cells should discuss the risks and benefits of surgery/
therapy with their surgeon/physician and make the
decision that is best for them.

1.5. The process of donation of

tissues and cells and their
application in humans

D onation of tissues and cells and their application
in humans continue to be fast-moving fields.
Such rapid developments bring their own challenges.
These challenges include: control of all crucial tech-
nical activities and services (procurement, trans-
portation, processing, preservation, quality control,
storage) that enable tissues and cells to be removed
from one person and transferred to another body,
reimbursement of expenses and service charges,
safeguards from exploitation or misuse (e.g. formal
requirements for consent from the potential donor
before procurement of tissues or cells) and the
complex chain of intermediaries (people and in-
stitutions) in the process of donation and human
application.

The process of donation of tissues or cells from
a deceased donor is, in many respects, quite different
from the process in living donors; but, in all cases, a
complex network of interactions underlies the many
ways in which human material may be provided by
one person for the benefit of others. Some of these
complex links, using the example of a deceased donor,
are summarised in Figure 1.2.

We can conceptualise the entire process in
terms of organisation and workflows. In the case of
donation after death, transplantation can take place
only if trained professionals are available to talk to
the next of kin of the deceased potential donor, if
there is the necessary infrastructure to procure
tissues within a given timeframe and process them, if
transport services exist to transport tissues appropri-
ately and if surgeons are available to carry out tissue
transplantation into the recipient. Similarly, living
donation is possible only if professionals recruit and
evaluate potential donors, and adequately trained
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personnel carry out the processes that will generate
the medical products used to treat patients.

Tissue establishments play a central role in
modern medicine by providing material for treat-
ment and research. Tissue banking and cell banking
are increasingly interconnected as part of the com-
plicated networks that now connect the sources and
recipients of donated bodily material, and the many
intermediaries involved in processing the material to
facilitate its use by clinicians.

Centralised management of tissue and cell do-
nations could be the ideal scenario. However, tissues
and cells can be provided from public organisations
and private companies. Co-operation between es-
tablishments that store tissues and cells may be rela-
tively limited. National and international efforts have
focused on good practice for tissue establishments
without usually providing a mechanism for compre-
hensive, nationwide sharing of donated material. In
the meantime, an industry based on the supply of
human tissue and cells has evolved worldwide, with
multiple providers competing in a market driven by,
among other things, biotechnology companies, phar-
maceutical companies and private clinics. Thus, the
flows involved between the original source or donor
of the material, the amount of processing of the ma-
terial involved and the commercial nature of some of
those transactions are becoming ever more complex.

It is important to emphasise how consideration
of policy surrounding donation must now take into
account these complex flows and multiple interme-
diaries [10]. Awareness is needed of the central part
that must be played by organisations and organisa-
tional structures in the donation and subsequent
use of bodily material. Everyone involved needs to
understand how the process includes, for example,
the creation of professional roles such as ‘donor
co-ordinators’, the extent to which they are expected
to maximise opportunities for donation, how these
professionals approach the next of kin of potential
donors and form relationships with them, how well
one part of the system links with another and where
responsibility is seen to rest, and the way profes-
sionals in different fields interact and co-operate with
one another. Awareness of this also points to added
complexities in the form of legal agreements, liabili-
ties and obligations that may arise where donated ma-
terial is transformed, banked or otherwise handled as
a commodity by successive intermediaries.

The increasing possibilities in using many
forms of bodily material to benefit others in medical
treatment has brought about increased pressure in
member states to meet demand. There is a continual
need to recruit new tissue and cell donors to main-
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Figure 1.2. Complex links between donors and recipients in the context of donation after death
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Biovigilance

Good communication channels between procurement units, tissue establishments, and organ and tissue transplant
units (including effective alert systems) are essential for an efficient biovigilance system, which should be in place to
ensure that appropriate measures, as regards donors, recipients and/or any stored tissues or cells, are taken when any

severe adverse events or reactions are detected

tain an adequate supply. Shortages of supply may
affect particular subgroups of the population more
than others because of the need to match material ac-
cording to immunological criteria or age. ‘Demand’
for material is inherently variable; as scientific devel-
opments make more treatments possible, the demand
for that treatment is likely to increase, whereas the
development of alternatives may lead to reduced
demand. Public expectations of what medical science
can achieve may serve to put further pressure on
demand.
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Talking in terms of ‘supply’ and ‘demand’ may
resonate with the experience of many professionals
and patients (potential recipients), who are only too
aware of the impact of any shortage in supply. This
feature is exacerbated in situations in which the re-
quirement for a high degree of matching or pheno-
typical similarity between donor and recipient calls
for recruitment from ethnic minorities and inter-
national collaboration. However, at the same time,
it may imply a lack of consideration of the human
nature of the source of the material. It is important to
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emphasise when using these impersonal terms that
we are talking about people and people’s lives.

Tissue banks, tissue
establishments and biobanks

1.6.
Atissue bank’ is a term commonly used to de-
scribe an establishment that collects and stores
human tissues or cells for human application and for
non-therapeutic application like medical research.

Increased use of tissues and cells for human ap-
plication and for research calls for terminology that
will distinguish between establishments that collect
and store tissues and cells for one of these purposes
or the other. In Europe, the terms currently in use are
‘tissue establishment’ (for clinical applications) and
‘biobank’ (for non-therapeutic applications).

The term ‘tissue establishment’” became
widely used in Europe following publication of the
EU Tissues and Cells Directive 2004/23/EC, which
defined it as:

a tissue bank or a unit of a hospital or

another body where activities of pro-

cessing, preservation, storage or distribu-

tion of human tissues and cells for human

application are undertaken. It may also be

responsible for procurement or testing of
tissues and cells.

In the field of MAR, the term ‘tissue estab-
lishment’ refers to the laboratories in MAR centres
or clinics as well as banks of gametes. These centres
or clinics often also include clinical units in which
the patients are treated. In this Guide, the term
‘tissue establishment’ is used and refers to all these
banks, units, centres and clinics. The directive does
not cover research using human tissues and cells, so
tissue establishments are concerned only with tissues
and cells intended for human application. Similarly,
the directive does not cover other clinical applica-
tions and practices undertaken in the clinical units of
MAR centres, for example, standard fertility workup.

In the USA, the American Association of
Tissue Banks (AATB) uses the term ‘tissue bank’ for:

an entity that provides or engages in one or

more services involving tissue from living

or deceased individuals for transplan-

tation purposes. These services include

assessing donor suitability, recovery, pro-
cessing, storage, labelling, and distribu-

tion of tissue. [11]

The term ‘biobank’ is widely used for reposi-
tories storing human biological samples for use in

research. In its glossary, the Organisation for Eco-
nomic Co-operation and Development (OECD)
defines a biobank as ‘a collection of biological mate-
rial and the associated data and information stored
in an organised system, for a population or a large
subset of a population’ [12]. Several other definitions,
as used in EU legislation or guidelines, are available
on the website of the EU-funded project PRIVILEGED
(Privacy in Law, Ethics and Genetic Data) [13]. The
general requirements for biobanking are described in
ISO 20387.

In the USA, the term ‘biorepository’ is preferred
to ‘biobank’. For example, according to the glossary
of the National Cancer Institute, a biorepository is:

a facility that collects, catalogues, and
stores samples of biological material, such
as urine, blood, tissue, cells, DNA, RNA,
and protein, from humans, animals, or
plants for laboratory research. If the
samples are from people, medical infor-
mation may also be stored along with a
written consent to use the samples in lab-
oratory studies. [14]

The biobanking field is continually evolving,
and tissue establishments may become interested
in collecting samples for research purposes, so the
terminology should also be refined to reflect these
changes in the future.

In this Guide, it has been agreed to use the term

‘tissue establishment’ and its definition in accordance
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with Directive 2004/23/EC.

Quality management

1.7.

High—quality, safe and efficacious procedures are
essential for donors and recipients alike. The

long-term outcomes of tissue and cell donation and

human application should be assessed for the living

donor, as well as the recipient, to document benefit

and harm.

The level of safety, efficacy and quality of
human tissues and cells for human application as
health products of an exceptional nature must be
maintained and continually optimised. This strategy
requires implementation of quality systems (see
Chapter 2) that include traceability (see Chapter 16)
and vigilance (see Chapter 17), with adverse events
and reactions reported both nationally and for im-
ported/exported human products.

Optimising the outcome of the human ap-
plication of tissues and cells entails a rules-based
process that encompasses clinical interventions and
ex vivo procedures from donor selection through to
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long-term follow-up. Under the general supervision
of Health Authorities, transplant and MAR pro-
grammes should monitor donors and recipients to
ensure that they receive appropriate care, including
information about long-term risks and benefits. Eval-
uation of information on long-term risks and benefits
is essential to the consent process and for adequately
balancing the interests of donors and recipients. The
benefits to both must outweigh the risks associ-
ated with donation and human application. Donors
should not be permitted to donate in clinically hope-
less situations.

Locally organised donation, transplantation
and MAR programmes should store details of their
activity and follow-up data in national and/or inter-
national registries. All deviations from accepted pro-
cedures that could increase the risk to recipients or
living donors (as well as any untoward consequences
of donation or human application) should be re-
ported to, and analysed by, the responsible Health
Authorities.

Transplantation of human material that does
not involve long-term medical care of the recipient
may not require active, long-term follow-up, though
traceability should be ensured for the anticipated life-
times of donor and recipient. Internationally agreed
means of coding to identify tissues and cells used in
transplantation are essential for full traceability (see
Chapter 16).

In the specific case of MAR, traceability should
include the outcome of the pregnancy as well as the
health of the donor, recipient and newborn. It is of
the utmost importance to put the welfare of donors
(especially with respect to non-partner donors) in
a central position in determining what constitutes
acceptable practice. This requirement might entail
additional effort in the context of cross-border repro-
ductive care. MAR registries are essential, collecting
data on a systematic basis to follow up the long-term
health effects of MAR activity, including the health of
the donor, recipient and newborn, but also including
information on non-partner donors.

1.8.  Ethical issues

uman tissues and cells can be derived only

from the body of a person - hence the ethical
challenges associated with their use. The range of
tissues and cells described in this Guide makes ex-
plicit the very different circumstances under which
a person can donate. The person providing the ma-
terial may be living or deceased, the material may be
used almost immediately or stored for long periods
of time, and the material may be used unprocessed or
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heavily processed. Whatever the case, handling and
disposal of human tissues should be carried out in
a manner that shows respect for fundamental rights
and for the human body.

Ethical standards of all aspects of tissue and
cell donation and transplantation have to conform
to the Oviedo Convention on Human Rights and
Biomedicine (1997) [15] and the Additional Protocol
on transplantation of organs and tissues of human
origin (2002) [16] and also, in the EU, to the Charter
of Fundamental Rights of the European Union (2012)
[17]. Other important guidelines to observe from an
ethical viewpoint are Committee of Ministers Res-
olution (1978) 29 on harmonisation of legislation
of member states relating to removal, grafting and
transplantation of human substances [18], the WHO
Guiding Principles on human cell, tissue and organ
transplantation [19], the Declaration of Istanbul on
Organ Trafficking and Transplant Tourism [20] and
the Barcelona Principles on the use of human donated
tissue for ocular transplantation, research and future
technologies from the Global Alliance of Eye Bank
Associations (GAEBA) [21].

For tissue donation from deceased individuals,
the ‘dead-donor rule’ (which states that patients must
be declared dead before removal of any vital organs
or tissues for transplantation) must be strictly re-
spected [22].

1.8.1. Consent

The Oviedo Convention states that an interven-
tion in the health field may be carried out only after
the person concerned has given free and informed
consent to it. This person must make a free choice
in the absence of any undue influence and must be
given appropriate information beforehand as to the
intended use and nature of the intervention as well
as its consequences and risks. The person concerned
may freely withdraw consent at any time.

Together with the Declaration of Istanbul, a
joint initiative of the International Society for Neph-
rology (ISN) and The Transplantation Society (TTS),
the Additional Protocol to the Convention on Human
Rights and Biomedicine concerning transplanta-
tion of organs and tissues of human origin expands
these provisions further for the specific case of do-
nation and transplantation. These provisions are ex-
plained further in detail in Chapter 4. Specific cases
related to consent in MAR procedures are outlined
in Chapter 29.

Tissues must not be removed from the body of a
deceased person unless that person has been certified
dead in accordance with the national law and consent
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or authorisation has been obtained. The removal
must not be carried out if the deceased person had
objected to it.

Finally, it is crucial to emphasise the impor-
tance of consent in creating and maintaining the
trust of the general public in health professionals
and the healthcare system as a whole. ‘Medical mis-
trust’, or mistrust of the healthcare system, is one of
the reasons why people are reluctant to donate bodily
material. This may be associated with concerns about
consent in that the terms of the consent might be
misused (for example, by using the donated material
in a manner which is not in accordance with consent,
including its use for non-therapeutic purposes, re-
search and/or profit) and that additional material
might be taken without explicit consent. Values such
as honesty and trust are central in both the profes-
sional and personal relationships when donation of
bodily material takes place. Therefore, it is of vital im-
portance that the limits of the consent are clearly es-
tablished, made explicit and scrupulously respected.

The recipient - and, if appropriate, the person or
official body providing authorisation for the human
application — must be given suitable information be-
forehand on the purpose and nature of the procedure,
its consequences and risks, and the alternatives to the
intervention.

In summary, all donation and transplantation
programmes are dependent upon the goodwill and
voluntary donation of relevant material from donors
to continue their activity. It is, therefore, important
that public confidence is maintained by standards
of good practice. By engaging donor trust and com-
mitment when obtaining consent, healthcare profes-
sionals will reduce the risk of nefarious trading and
potential physical harm from the use of transplant-
able tissue for human application.

1.8.2. Conflicts of interest

To avoid any potential conflict of interests, phy-
sicians determining the death of a potential donor
should not be directly involved in tissue or cell pro-
curement from the donor or subsequent transplanta-
tion procedures, and nor should they be responsible
for the care of any intended recipient of such tissues
or cells. Health Authorities will set out the legal
standards for determining that death has occurred
and specify how the criteria and process for deter-
mining death will be formulated and applied.

All living donors should receive complete in-
formation before giving their consent. Moreover, this
information must be impartial and, whenever pos-
sible, given by a treating physician who is not treating
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the recipient of the tissues or cells, in case of allogenic
donation or non-partner donation in MAR. Scar-
city of tissues and cells procured from living donors
should never influence the decision to accept a donor
into a programme. Also, financial incentives must
not be used to encourage donations because they will
render living donors more likely to consider repeat
donations or to continue donating despite potential
risks to their health. Furthermore, financial incen-
tives may lead donors to not disclose all the infor-
mation necessary for a complete and adequate donor
selection, thus compromising the quality and safety
of the donated tissues and cells.

1.8.3. Financial aspects of donation and

human application of tissues and cells

Discussions around how best to increase the
supply of human tissues and cells often focus on
questions of donor motivation: specifically, how in-
dividuals may best be encouraged to donate different
forms of bodily material. Nevertheless, it is essential
to recall the Oviedo Convention which, in Article 21,
clearly states that the human body and its parts must
not, as such, give rise to financial gain. The Guide for
the implementation of the principle of prohibition of
financial gain with respect to the human body and
its parts from living or deceased donors [23] pro-
vides further guidance on how to interpret Article
21 of the Oviedo Convention in order to facilitate
its implementation. This notion is reiterated in the
additional protocol to that Convention, which also
clearly states in its Article 21 that the human body
and its parts must not, as such, give rise to financial
gain or comparable advantage. The aforementioned
provision does not prevent payments that do not con-
stitute a financial gain or a comparable advantage, in
particular:

a. compensation of living donors for loss of earn-
ings and any other justifiable expenses caused
by the removal or by the related medical exam-
inations;
payment of a justifiable fee for legitimate
medical or related technical services rendered
in connection with transplantation;
compensation in cases of undue damage re-
sulting from the removal of tissues or cells
from living persons.

In the donation of any tissue or cell, removal
of barriers to donation must not render a decision to
donate non-altruistic. Initiatives that reduce the bar-
riers to donation should only facilitate individuals in
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carrying out an action that they were already inclined
to take by concern for the welfare of the recipient.

In this sense, the Nuffield Council on Bioethics
suggests distinguishing between two types of inter-
vention, both of which aim to increase donation by
changing its costs and benefits [24]. The first type
is ‘altruist-focused interventions’, which typically
involve removal of various disincentives to act and,
in doing so, remove countervailing concerns that
may hinder potential donors from acting on their al-
truistic motivations. For the purpose of this Guide,
we will call these interventions ‘compensation’. The
second type is ‘non-altruist-focused interventions’,
which are targeted at potential donors who have no
strong motivation to help others through donation of
their bodily material and who, therefore, if they are to
donate, need to be provided with different reasons for
action, perhaps in the form of payment or ‘incentive’
going well beyond the reimbursement of expenses.
These incentives are particularly worrisome in the
case of gamete donors, where they may change the
donor’s perception of the relative risks and benefits of
a donation that is not free of potential health hazards
and psychological consequences. In addition, gamete
donation for treatment purposes presents further
ethical implications because it involves the potential
generation of a new human being.

In summary, voluntary unpaid donation, long
promoted as the only ethical basis for donation of
bodily material, should continue to have a central
role in the donation process of any type of tissue or
cell. Compensation to donors should cover only justi-
fiable expenses and loss of income, and should not act
as a direct or indirect incentive or inducement.

Physicians and other health professionals
should not engage in transplantation procedures,
and health insurers and other payers should not cover
such procedures, if the tissues or cells concerned have
been obtained through exploitation or coercion of, or
payment to, the donor or the next of kin of a deceased
donor.

Promotion of altruistic unpaid donation of
human tissues or cells by means of advertisement
or public appeal may be undertaken in accordance
with domestic regulations. However, advertising the
need for availability of tissues or cells with a view
to offering or seeking financial gain or comparable
advantage for the donor, or their next of kin where
the individual is deceased, should be prohibited. Bro-
kering that involves payment to such individuals or
to third parties should also be prohibited.

Tissue establishments storing and supplying
human tissues and cells have developed largely in
response to the increasing demand for supplies of
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human tissues and cells for therapy and research.
However, professional bodies should ensure that their
guidelines reflect their members’ responsibilities in
the acquisition and supply of human tissue. Tissue
establishments should operate on a non-profit basis.
Tissues and cells should be supplied on an opera-
tional cost basis and no payment should ever exceed
the justifiable fee for the services rendered; in other
words, tissue establishments can claim a reasonable
amount for certain expenses but should not quote an
unfair amount greater than the actual cost in order to
make profits. When calculating the operational costs
of a tissue establishment, which may have a variety
of funding sources, consideration should be given to
the long-term sustainability of the tissue establish-
ment. In order to do this, it is important to analyse
the clinical need (for the different types of tissue that
the tissue establishment will be processing and dis-
tributing) and to efficiently manage the tissue estab-
lishment’s ‘value chain’, which includes the costs of
procurement, processing, storage, distribution, per-
sonnel, transport, infrastructure and administration,
and the need to incorporate state-of-the-art processes
and equipment, among others.

The allocation of tissues and cells must be
guided by clinical criteria and ethical norms, not
financial or other considerations. Allocation rules,
defined by appropriately constituted committees,
should be equitable, based on clinical need, exter-
nally justified and transparent.

1.8.4.  Equitable access to transplantation or to

medically assisted reproduction

Healthcare in general is a human right because
it secures and protects people’s access to the normal
range of opportunities and because it allows people to
thrive. Given the importance of health for the general
well-being of a person, every person, regardless of his/
her income or financial means, should have access to
decent healthcare.

Requests (the demand) for human tissues and
cells may often exceed what is available (the supply).
Significant practical and ethical questions of effi-
ciency and fairness arise in deciding how to distribute
these limited resources. Article 3 of the Additional
Protocol to the Convention on Human Rights and
Biomedicine concerning transplantation of organs
and tissues of human origin states that transplanta-
tion systems must exist to provide equity in access
to transplantation services for patients. Except in
the case of direct donations, tissues and cells must
be allocated among patients only in conformity with
transparent, objective and duly justified rules ac-
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cording to medical criteria. The persons or official
bodies responsible for the allocation decision must
be designated within this framework.

With regard to access to MAR, infertility treat-
ment covers a broad range of ‘causes’ (e.g. age-related
decline in fertility, male factors, blocked Fallopian
tubes) and applications that cannot necessarily all
be fitted into the same framework. The pivotal point
in this discussion seems to be whether the desire for
a child should be considered a fundamental need
or a personal wish. Current regulatory frameworks
in MAR are heterogeneous and, in some countries,
still under development. The debate on ethical and
social issues (including access to MAR for social
indications, anonymity of gamete donors, genetic
selection of donors, compensation for donation,
posthumous reproduction or surrogacy) is ongoing.
There is, however, general agreement that reproduc-
tive cloning must be forbidden.

Inclusion of infertility treatment in the basic
healthcare tier is dependent upon the general level of
welfare in society. Cultural, educational and religious
backgrounds may also affect the availability of these
therapies. Nevertheless, given the rightful claims of
other types of healthcare and other fundamental
needs in society (as well a limited availability of non-
partner gametes and embryos), access cannot be ex-
pected to be unlimited. Ultimately, access to MAR
should be considered in a structured way to include
efficiency, safety and equity to avoid discrimination
[25]. Some countries have opted to give public access
to a fixed number of cycles/treatments for everyone,
even if this means that those who need more treat-
ments have to pay for it themselves.

Cross-border reproductive care refers to a
widespread phenomenon whereby patients seeking
MAR treatment cross international borders to obtain
reproductive treatment outside their country of resi-
dence. The reasons for travelling vary between coun-
tries, but the most common reason is access to certain
treatments or techniques not legally allowed in the
country of origin (e.g. non-partner donation treat-
ment, pre-implantation genetic testing of embryos)
or if a particular group is excluded from treatment
(e.g. same-sex couples, single women, women above a
certain age). There may be other limitations to access
at home (e.g. long waiting lists). Further reasons for
travelling may be better quality of care and less ex-
pensive treatment [26, 27].

The ideal situation is fair access to fertility
treatment in the home country for all patients. This
ideal should be promoted at all levels [27]. However,
if for some reason treatment is not possible in the
country of residence or not available, cross-border re-

productive care may provide a solution. Furthermore,
it is in accordance with the principle of freedom of
movement of patients within Europe [28]. However,
crossing borders may also lead to increased shortage
of scarce resources in the visited country and to the
detriment of local citizens. Health Authorities may
want to introduce a system for fair allocation of
scarce resources that takes into account local needs,
such as a maximum number (or percentage) of
treatments provided to foreign patients. In addition,
cross-border reproductive care should always follow
the same strict quality and safety criteria that govern
domestic treatments, including appropriate trace-
ability and biovigilance measures that cover both
recipients and their children born as a result of the
MAR treatment.

1.8.5. Equity in donation

Individual motivation and choice is only one
part of the donation picture; the central role of organ-
isations, organisational procedures and professionals
in facilitating donation should not be underestimated,
nor indeed the importance of trust in these systems.
An example of such organisational aspects is that,
whenever a person dies in circumstances where do-
nation is a possibility, this should be raised with their
family.

The role of the state with respect to donation
should be understood as one of stewardship: that
is, actively promoting measures that will improve
general health (thereby reducing the demand for
some forms of bodily material) and facilitating dona-
tion. Such a stewardship role should extend to taking
action to remove inequalities that affect disadvan-
taged groups or individuals with respect to donation.
Equity in donation refers to the absence of systematic
disparities in the burden of donation between social
groups who have different levels of underlying social
advantage or disadvantage (i.e. different positions in
a social hierarchy). Inequities in donation would, in
a systematic manner, put groups of people who are
already socially disadvantaged (e.g. by virtue of being
poor, female and/or members of a particular racial,
ethnic or religious group) at further disadvantage
with respect to their health.

As discussed above, introduction of financial
incentives for donation in the field of MAR renders
certain social groups particularly susceptible to dis-
parities based on social and economic status.

With respect to cross-border care, safeguards
must be in place to guarantee that all donors, regard-
less their origin, receive similar care and follow-up.
To prevent abuse of donors coming from abroad, the
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use of intermediate agencies — which may lead to vi-
olations of the rules of good clinical practice and, in
the worst-case scenario, to trafficking — should be
avoided. Post-donation care must be provided to the
best possible standards at home or abroad.

1.8.6.  Anonymity

The identity of the donor and recipient should
(except in the case of donation between persons
having a close personal relationship) be maintained
in strict confidentiality. Such precautions will prevent
abuse and protect the families of donors and recip-
ients from feelings of anxiety associated with emo-
tional involvement, obligation to return favours or
guilt.

In the specific case of MAR, different regu-
lations are applied in different member states with
regard to the anonymity of non-partner donors.
Debate has focused around the donor’s right to ano-
nymity, the welfare of the resulting offspring and his/
her right to family life, and the effect of removal of
donor anonymity on the supply of gametes for treat-
ment. Presently, some countries require that donors
always remain anonymous, whereas other countries
require that their identity might be known only in
exceptionally urgent medical situations. Some coun-
tries allow the possibility of the offspring gaining
access to non-identifying information about the
donor (e.g. hair colour, ethnicity). Other countries
allow the offspring to contact donors after the off-
spring has reached a certain age. Hybrid models exist
in some countries. A common standard seems to
be that donors do not have the right to information
about children generated from their gametes (unless
the child chooses and is legally allowed to obtain in-
formation about the donor).

1.8.7. Transparency

The organisation and execution of activities
based on donation and human application, as well as
their clinical results, must be transparent and open to
scrutiny, while ensuring that the personal anonymity
and privacy of donors and recipients are protected (if
relevant).

Transparency can be achieved by maintaining
public access to regularly updated comprehensive
data on processes, in particular to data on donation
and banking activities, allocation, distribution and
import/export, demand for tissues and cells, human
applications and the outcomes for recipients, living
donors and children born as a result of MAR proce-
dures, as well as data on organisation, budgets and
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funding. Such transparency is not inconsistent with
shielding (from public access) information that could
identify individual donors or recipients, while still
respecting the requirement of traceability. The objec-
tive of the system should be not only to help meet the
goal of self-sufficiency for countries or regions and to
maximise the availability of data for scholarly study
and governmental supervision to allow determina-
tion of clinical outcomes and efficacy of treatments
but also to identify risks (and facilitate their mitiga-
tion) to minimise harm to donors and recipients.

1.9. Recommendations and
regulations in the field
1.9.1. Council of Europe

The Council of Europe, based in Strasbourg
(France), is an international organisation that pro-
motes co-operation between all European countries
in the areas of human rights, democracy, rule of law,
culture and public health. After the 3rd Conference of
European Health Ministers on the Ethical, Organisa-
tional and Legislative Aspects of Organ Transplanta-
tion [29], held in Paris in 1987, the Council of Europe
Committee of Experts on the Organisational Aspects
of Co-operation in Organ Transplantation (SP-CTO)
was created. This committee consisted of experts in
different aspects of transplantation: immunologists,
surgeons and physicians, as well as co-ordinators
and representatives from organ-sharing and organ-
procurement organisations. In 2007, the secretariat
responsible for activities related to organs, tissues and
cells was transferred to the European Directorate for
the Quality of Medicines & HealthCare (EDQM) of
the Council of Europe [30], and the newly appointed
CD-P-TO took over as the steering committee [31].

Today, the CD-P-TO is composed of interna-
tionally recognised experts from Council of Europe
member states, observer countries, the European
Commission and the WHO, as well as representatives
from the Committee on Bioethics of the Council of
Europe (CD-BIO) and several professional societies
and non-governmental organisations. It actively
promotes the non-commercialisation of organ dona-
tion, the fight against organ trafficking, the develop-
ment of ethical, quality and safety standards in the
field of organs, tissues and cells, and the transfer of
knowledge and expertise between member states and
organisations.

Within the framework principle of sharing
knowledge through international co-operation, the
Council of Europe has established widely recognised
recommendations and resolutions in the field of
transplantation, covering the ethical, social, scientific
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and training aspects of the donation and transplanta-
tion of organs, tissues and cells [32]. Whereas agree-
ments and conventions are binding on the states
that ratify them, resolutions and recommendations
are policy statements to governments that propose a
common course of action to be followed.

The Council of Europe Convention for the Pro-
tection of Human Rights and Fundamental Freedoms
(European Treaty Series, No. 5) [33] is an international
treaty to protect human rights and fundamental free-
doms in Europe. It was drafted in 1950 by the then
newly formed Council of Europe and came into force
on 3 September 1953.

The European Agreement on the Exchange of
Therapeutic Substances of Human Origin (European
Treaty Series, No. 26) [34], signed in Paris on 15 De-
cember 1958, aims to provide mutual assistance with
respect to the supply of therapeutic substances of
human origin.

The European Agreement on the Exchange of
Tissue-Typing Reagents (European Treaty Series, No.
84) [35], signed in Strasbourg on 17 September 1974,
lays the groundwork for development of mutual as-
sistance in the supply of tissue-typing reagents and
the establishment of joint rules between signatory
parties. The signatory parties undertake to make re-
agents available to other parties who are in need of
them, by the most direct route, subject to the condi-
tion that no profit is made on them, that they must be
used solely for medical and scientific purposes and
are free of import duties. The Additional Protocol
(European Treaty Series, No. 89) [36], which was
opened for signature on 24 June 1976 and came into
force on 23 April 1977, provides for the accession of
the European Community to this agreement.

The Oviedo Convention - the Convention
for the Protection of Human Rights and Dignity of
the Human Being with regard to the Application of
Biology and Medicine (European Treaty Series, No.
164) [15], which was opened for signature on 4 April
1997 and came into force on 1 December 1999 - is
the first legally binding international text designed
to preserve human dignity, fundamental rights and
freedoms, through a series of principles against the
misuse of biological and medical applications. The
Convention is inspired by the principle of the primacy
of human beings over the sole interest of science or
society. It lays down a series of principles applying
to medical practice as well as biomedical research,
organ transplantation and genetics. The Convention
includes the principle of consent, non-discrimination
on the basis of genetic characteristics, and protection
of private life and access to information. The Conven-
tion specifically prohibits any financial gain from the

body and its parts, as such. The Guide for the imple-
mentation of the principle of prohibition of financial
gain with respect to the human body and its parts
from living or deceased donors [23] provides further
guidance on how to interpret Article 21 of the Oviedo
Convention in order to facilitate its implementation.

The Oviedo Convention was extended by an
Additional Protocol to the Convention on Human
Rights and Biomedicine concerning transplantation
of organs and tissues of human origin (European
Treaty Series, No. 186) [16], which was opened for sig-
nature on 24 January 2002 in Strasbourg and came
into force on 1 May 2006. This additional protocol
aims to protect the dignity and identity of everyone
and to guarantee, without discrimination, respect for
his/her integrity and other rights and fundamental
freedoms with regard to the transplantation of organs
and tissues of human origin, thereby establishing
principles for the protection of donors and recipients.
However, the additional protocol does not apply to
gametes and embryos.

The Council of Europe Convention on Action
against Trafficking in Human Beings (European
Treaty Series, No. 197) [37], which was opened for
signature in Warsaw on 16 May 2005 and came into
force on 1 February 2008, alongside its Explanatory
Report, addresses the trafficking of human beings for
the purpose of organ removal.

The Council of Europe/United Nations joint
study on Trafficking in organs, tissues and cells
and trafficking in human beings for the purpose of
the removal of organs [38], presented at the United
Nations headquarters in New York on 13 October
2009, focuses on trafficking in organs, tissues and
cells for the purpose of transplantation. The joint
study made it evident that existing criminal-law in-
struments dealing exclusively with trafficking in
human beings (including for the purpose of organ
removal) left loopholes that allowed several unethical
transplant-related activities to persist. This is why the
Council of Europe decided to undertake the task of
drafting a new international legally binding instru-
ment against trafficking in human organs.

The Council of Europe Convention against
Trafficking in Human Organs (European Treaty
Series, No. 216), with its Explanatory Report [38],
adopted by the Committee of Ministers on 9 July
2014, identifies distinct activities that constitute ‘traf-
ficking in human organs’. The central concept is ‘the
illicit removal of organs’, which consists of removal
without the free, informed and specific consent of a
living donor; removal from a deceased donor other
than as authorised under domestic law; removal
when, in exchange, a living donor (or a third party)
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has been offered or received a financial gain or com-
parable advantage; or removal from a deceased donor
when a third party has been offered or received a fi-
nancial gain or comparable advantage.

Other major resolutions and recommendations
in the field of tissues and cells include:

o Resolution (78) 29 of the Committee of Minis-
ters on Harmonisation of legislation of member
states relating to removal, grafting and trans-
plantation of human substances [18];

o Recommendation No. R (94) 1 of the Com-
mittee of Ministers to member states on human
tissue banks [39];

o Recommendation No. R (98) 2 of the Com-
mittee of Ministers to member states on pro-
vision of haematopoietic progenitor cells [40];

o Recommendation Rec(2004)8 of the Com-
mittee of Ministers to member states on autol-
ogous cord blood banks [41];

o Recommendation Rec(2006)4 of the Com-
mittee of Ministers to member states on re-
search on biological materials of human origin
(42];

o Recommendation CM/Rec(2020)5 on the
quality and safety of tissues and cells for
human application [43];

o Recommendation CM/Rec(2020)6 on estab-
lishing harmonised measures for the protec-
tion of haematopoietic progenitor cell donors

(44].

Monitoring of practices in member states has
become an evident need for the sake of transparency
and international benchmarking. Keeping this goal
in mind, since 1996 the EDQM/Council of Europe
has published Newsletter Transplant [45], which
is co-ordinated by the Organizaciéon Nacional de
Trasplantes (ONT) in Spain. This publication sum-
marises comprehensive data (provided by national
focal points designated by governments) on dona-
tion and transplantation activities, management of
waiting lists, organ-donation refusals and author-
ised centres for transplantation activities. Newsletter
Transplant provides information from = 70 countries,
including Council of Europe member states, observer
countries and observer networks (e.g. Iberoamerican
Donation and Network Council on Organ Donation
and Transplantation, Mediterranean Network). The
Newsletter Transplant database is connected with
other international projects on data collection (e.g.
WHO Global Observatory on Organ Donation and
Transplantation, Eurocet database) to avoid duplica-
tion of efforts. Newsletter Transplant has evolved into
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a unique official source of information that continues
to inspire policies and strategic plans worldwide.

Achieving self-sufficiency based on voluntary
unremunerated donation and security of supply, as
well as timely and equitable access to safe trans-
plantation, are important national and European
goals. To ensure rational, fair, timely and equitable
access to safe therapies based on the use of tissues
and cells of human origin, governments need to
know how many tissues and cells are available and
how many are required for their populations so the
transplantation requirements can be consistently met
and an appropriate level of funding to support do-
nation programmes is maintained. This information
is also essential in order to avoid over-reliance on a
limited number of providers or countries, as well as
to prepare for risk scenarios that might affect supply.
Furthermore, having accurate activity data is also es-
sential in order to put into context the figures related
to serious adverse events and reactions related to the
use of tissues and cells of human origin. In an attempt
to streamline and harmonise data-collection exer-
cises in Europe, in the framework of a co-operation
Grant Agreement between the European Commis-
sion and the EDQM/Council of Europe and with the
support of the main professional societies and ex-
isting registries in the field, the EDQM co-ordinated
the identification of a minimum dataset that, if reg-
ularly collected by member states, would serve the
abovementioned objectives [46]. The exercise entailed
reaching an agreement on the parameters, units and
expected quality of the data to be collected, as well
as making recommendations on who should be ac-
countable for the collection and validation of this
data and ensure dissemination among all relevant
stakeholders.

The Council of Europe also produces other
guidelines, including this Guide to the quality and
safety of tissues and cells for human application,
the Guide to the quality and safety of organs for
transplantation and the Guide to the preparation, use
and quality assurance of blood components [47)].

19.2.  World Health Organization

In 1987, the 40th World Health Assembly, con-
cerned about the trade for profit in human organs,
initiated preparation of the first WHO Guiding Prin-
ciples on transplantation, endorsed by the Assembly
in 1991 in resolution WHA 44.25 [48]. These Guiding
Principles have greatly influenced professional codes
and practices, as well as legislation, around the world
for almost two decades. After a consultation that took
several years, on 21 May 2010 the 63rd World Health
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Assembly adopted resolution WHA 63.22 [49], which
endorsed the updated WHO Guiding Principles on
human cell, tissue and organ transplantation [19]
and called on WHO member states to implement
these Guiding Principles, promote voluntary and
unremunerated donation, oppose trafficking and
promote transparent and equitable allocation. It also
urged its members to strengthen oversight, to collect
and publish activity data, including adverse events
and reactions, and to implement globally standard-
ised coding. These WHO guidelines are intended to
provide an orderly, ethical and acceptable framework
for the acquisition and transplantation of human
cells, tissues and organs for therapeutic purposes.

The World Health Assembly adopted resolution
WHA 57.8 [50] in 2004, which urged WHO member
states ‘to take measures to protect the poorest and
vulnerable groups from transplant tourism and the
sale of tissues and organs, including attention to the
wider problem of international trafficking in human
tissues and organs’. Subsequently, the Declaration
of Istanbul on Organ Trafficking and Transplant
Tourism [20] was adopted in 2008, as an initiative of
The Transplantation Society (TTS) and the Interna-
tional Society for Nephrology (ISN). In 2018 it was
updated to incorporate revised definitions and briefer
and more comprehensive principles to provide up-
to-date guidance and practical advice for health
professionals, policy makers and law-enforcement
authorities. The declaration emphasises that organ
trafficking and transplant tourism should be pro-
hibited because they violate the principles of equity,
justice and respect for human dignity, targeting im-
poverished and otherwise vulnerable donors and in-
exorably leading to inequity and injustice.

United Nations Resolution 71/322, adopted by
the WHO General Assembly on 8 September 2017,
aims at strengthening and promoting effective meas-
ures and international co-operation on organ do-
nation and transplantation to prevent and combat
trafficking in persons for the purpose of organ
removal and trafficking in human organs [51].

Robust bi-directional donor-recipient tracea-
bility is a prerequisite to achieving effective vigilance
and surveillance worldwide. For this reason, Resolu-
tion WHA 63.22 [49] also urged WHO member states
to collaborate in collecting data (including adverse
events and reactions) in addition to implementation
of globally consistent coding systems. The NOTIFY
project was a specific follow-up action that was led
by the Italian National Transplant Centre (CNT)
and WHO to promote the sharing of information on
adverse incidents for improving safety and efficacy

[52].
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As a result of resolutions WHA 57.18 and WHA
63.22 (which requested that global data on the prac-
tice, safety, quality, efficacy and epidemiology of
transplantations be collected in the WHO member
states that have transplantation programmes), an in-
ternational watchdog on transplantation was set up
as a collaborative initiative between the Spanish ONT
and WHO, and was termed the Global Observatory
on Donation and Transplantation [53]. The universal
availability of these data is recognised as a prerequi-
site for global improvements in demonstrating trans-
parency, equity and compliance, and for monitoring
systems in countries. In addition, the data provided
also help to give an overview of the legal and organ-
isational aspects in very different settings and coun-
tries, which enables the regulating bodies to monitor
transplantation activities.

The WHO has also published two aide-
mémoires specifically on the donation and transplan-
tation of tissues and cells [1, 54].

In recent years, the WHO has been promoting
use of the term ‘medical products of human origin’
(MPHO). This category includes blood, organs,
tissues, bone marrow, cord blood, reproductive cells
and milk derived from humans for therapeutic use.
Use of these MPHO, obtained from living and de-
ceased donors, entails practical, scientific and ethical
considerations.

1.9.3. European Union

1.9.3.1.  EUtissues and cells legislation

Article 168 (4)(a) of the Treaty on the Func-
tioning of the European Union [55] (previously
Article 152 of the Treaty of Amsterdam) gives the EU
a mandate to establish high quality and safety stand-
ards for substances of human origin, such as blood,
organs, tissues and cells.

Acknowledging that the human application of
tissues and cells is an expanding medical field that
offers important opportunities for the treatment of
disease, the EU aims for a common approach to the
regulation of tissues and cells across Europe, in par-
ticular to promote cross-border exchanges where that
can improve patient access.

The EU tissue and cells directives have created a
benchmark for the standards that must be met if car-
rying out any activity involving tissues and cells for
human application, including gametes, embryos and
reproductive tissue. The directives also require that
systems be put in place to ensure that all the tissues
and cells used in human applications are traceable
from donors to recipients and vice versa.

Directive 2004/23/EC [56] of the European Par-
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liament and of the Council of 31 March 2004 applies
to the donation, procurement, testing, preservation,
storage and distribution of human tissues and cells
intended for human use (including reproductive cells
used in ART procedures). The directive introduced
obligations on EU member states’ authorities, from
supervision of human tissue and cell procurement
and authorising and inspecting tissue establish-
ments, to ensuring traceability and vigilance and
maintaining a publicly accessible register of national
tissue establishments. It also lays down rules on
donor selection and evaluation (e.g. principles gov-
erning tissue and cell donation, consent, data confi-
dentiality) and quality and safety of tissues and cells
(e.g. quality management, tissue and cell reception,
processing and storage conditions).

Commission Directive 2006/17/EC [57] estab-
lished specific technical requirements for each step in
the human tissue and cell preparation process, in par-
ticular the requirements for procurement of human
tissues and cells, selection criteria for donors of
tissues and cells, laboratory tests required for donors,
tissue and/or cell donation, the procurement and re-
ception procedures at tissue establishments and the
requirements for direct distribution to the recipient
of specific tissues and cells. Directive 2006/17/EC was
amended in 2012 by Commission Directive 2012/39/
EU with regard to certain technical requirements for
the testing of human tissues and cells [58].

Commission Directive 2006/86/EC [59] in-
cludes traceability requirements, notification of
serious adverse reactions and events and certain
technical requirements for the coding, processing,
preservation, storage and distribution of human
tissues and cells.

In 2015, two new Commission directives were
adopted, one an implementing directive on the pro-
cedures for verifying equivalent standards of quality
and safety of imported tissues and cells (Directive
2015/566) [60] and a second one amending Directive
2006/86/EC, providing detailed requirements on the
coding of human tissues and cells (Directive 2015/565)
[61].

Quality and safety standards for human organs
intended for transplantation are laid down in Direc-
tive 2010/53/EU and Commission Implementing Di-
rective 2012/25/EU. These detail the standards and
procedures for information exchange between EU
member states regarding human organs intended for
transplantation [62, 63].

The EU directives oblige EU member states to
encourage voluntary and unpaid donation of tissues
and cells and to endeavour to ensure that the pro-
curement of tissues and cells is carried out on a non-
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profit basis. Promotion and publicity activities in
support of the donation of human tissues and cells
with a view to offering or seeking financial gain or
comparable advantage are not allowed. The EU direc-
tives also provide clear provisions on the information
to be given to donors for the purposes of obtaining
consent and the anonymity of all personal data col-
lected, and instruct EU member states to adopt meas-
ures to ensure data security and prevent unauthorised
modifications to files and records.

These directives do not cover laboratory re-
search using human tissues and cells (e.g. in vitro re-
search or research using animal models) and do not
interfere with the decisions of EU member states on
the use or non-use of any specific type of human cell,
including embryonic stem cells. Similarly, these di-
rectives do not interfere with provisions of member
states defining the legal term ‘person’ or ‘individual’.

As from 25 May 2018, the new General Data
Protection Regulation 2016/679 (GDPR) entered into
force, repealing Directive 95/46/EC [64]. The regula-
tion is directly applicable in all EU member states and
regulates the processing by an individual, a company
or an organisation of personal data relating to indi-
viduals in the EU. This directive applies to companies
or organisations that process personal data as part
of the activities of one of its branches established in
the EU or, to a company or organisation established
outside the EU, processing data of data subjects in the
EU in the context of offering products or services in
the EU, or monitoring behaviour of data subjects in
the EU. It does not apply, however, to the processing
of personal data of deceased persons, anonymised
data or legal persons.

In 2019, the EU published an evaluation of the
blood and tissues and cells legislation that aimed to
assess whether the legislation had achieved its orig-
inal objectives and whether it was still fit for purpose
in light of the significant and technological devel-
opments in the sector [65]. To address the identified
gaps and shortcomings identified in that evaluation,
the Commission is undertaking a revision of the
EU legislation in this field to ensure the framework
is up-to-date, fit for purpose and future-proof [66].
The initiative aims at updating the legislation in the
direction of a more flexible alignment with scientific
and technological developments by removing from
legislation many technical provisions, allowing for a
faster update of standards. In addition, the revision
aims to strengthen donor protection and oversight by
authorities, to facilitate innovation in the field and to
support measures in member states to achieve suffi-
ciency and sustainability of supply. A comprehensive
impact assessment of policy options has been con-
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ducted to inform the revision and will be published
together with the Commission proposal for revised
legislation. The revision proposal is planned to be
adopted by the European Commission in 2022. The
adoption will be followed by debates in the European
Parliament and the European Council to reach agree-
ment on the text that will finally come into force.

In addition to this legislative work, the Eu-
ropean Commission has, throughout the years,
supported EU member states in their efforts to imple-
ment EU directives on tissues and cells by providing
funding for several projects under the Programme of
Community Action in the Field of Health [67]. Some
of the projects supported include:

o EQSTB (European Quality System for Tissue
Banking) focused on four main work packages:
(i) identification of the key requirements for
tissue banking; (ii) development of a registry to
support exchange of tissues; (iii) provision of
training programmes, both online and face-to-
face, to fulfil the needs of tissue establishment
professionals, and (iv) development of an audit
model and audit guide for tissue establish-
ments, with recommendations for tissue estab-
lishments and guidance for auditors.

« EusTITE (European Standards and Training in
the Inspection of Tissue Establishments) [68]
developed guidance and training courses for
EU competent authorities on the inspection of
tissue establishments and on vigilance proce-
dures for tissues and cells used in transplanta-
tion and in assisted reproduction. The guidance
document served as a basis for the guidelines
on implementation of inspection and control
measures in the field of human tissues and cells
included in Commission Decision 2010/453/EU
of 3 August 2010.

» PosempoN (Promoting Optimisation, Safety,
Experience sharing and quality Implemen-
tation for Donation Organisation and Net-
working in unrelated haematopoietic stem-cell
transplantation in Europe) provided recom-
mendations for improvements in the safety
of unrelated haematopoietic progenitor cell
transplantation, for the optimisation of human
stem-cell donation policy, and for promoting
equal access to this therapy throughout the EU.

o EUROCET [69] is a platform that was funded in-
itially by the European Commission but is now
maintained by the Italian National Transplant
Centre. It collects and publishes annual activity
data on donation, processing and human appli-
cations of tissues and cells. However, the Tissue
Establishment Registry has been temporarily
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suspended in order to avoid confusion with the
official EU Tissue Establishment Compendium.
EuroGTP (European Good Tissue Practices)
[70] developed a guide to good tissue practices
and personnel training guidelines for tissue
establishments on the recovery, processing
and preservation of tissues, to ensure that all
tissue establishments guarantee the highest
level of quality and safety of tissues for human
application. EuroGTP has provided a crucial
basis for much of the technical content of this
Guide. A strong collaboration between the Eu-
ropean Association of Tissue and Cell Banks
(EATCB), which will update and maintain the
GTPs as their own standards, and the Council
of Europe will be maintained to ensure consist-
ency and development in the light of the most
up-to-date scientific knowledge.

The project SoHO V&S (Vigilance and Surveil-
lance of Substances of Human Origin) [71] ad-
dressed the harmonisation of terminology and
documentation relating to adverse events and
reactions. It aimed to find a consensus on how
information should be exchanged between EU
member states, the European Commission
and third countries to enhance efficient man-
agement of incidents involving cross-border
distribution of tissues and cells. The project
drafted important guidance documents for the
EU competent authorities, on the detection and
investigation of suspected illegal and/or fraud-
ulent activity related to tissues and cells, the
communication and investigation of serious
adverse events and reactions associated with
human tissues and cells, and vigilance and sur-
veillance in the field of assisted reproductive
technologies. The project also prepared a guid-
ance document for healthcare professionals on
vigilance and surveillance of human tissues
and cells. It also provided a training model for
competent authorities in the investigation and
management of vigilance and surveillance of
tissues and cells.

The joint action ARTHIQS (Good Practice on
Donation, Collection, Testing, Processing,
Storage and Distribution of Gametes for As-
sisted Reproductive Technologies and Hae-
matopoietic Stem Cells for Transplantation)
[72], launched in 2014, was a three-year project
to build institutional and inspection guidelines
for assisted reproductive technologies as well as
guidelines related to the set-up and regulation
of haematopoietic stem-cell donor follow-up
registries and banking of cord blood.
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o+ The joint action VisTART (Vigilance and In-
spection for the Safety of Transfusion, As-
sisted Reproduction and Transplantation) [73],
launched in 2015, aimed at promoting and
facilitating the harmonisation of inspection,
authorisation and vigilance systems for blood
transfusion and tissues and cells for human
application.

o The project EuroGTP-II (Good Tissue Prac-
tices for demonstrating safety and quality
through recipient follow-up) [74], launched in
2016, aimed at developing technical guidance
to assess the quality and safety of novel tissue
and cell therapies and demonstrating their effi-
cacy based on recipients’ outcomes.

 The joint action European Cornea and Cell
Transplant Registry (ECCTR), launched in
2016, aimed to develop a common assessment
methodology, based on the three existing Eu-
ropean corneal transplant registries in the
Netherlands, Sweden and the UK, and estab-
lish a web-based European registry to assess
and verify the safety, quality and efficacy of
ocular tissue transplantation [75].

o The EU-funded project TRANSPOSE (TRANS-
fusion and transplantation: PrOtection and
SElection of donors) [76] was launched in 2017
and aimed at harmonising European donor
selection and protection policies, while main-
taining adequate health and safety protection
of the recipient.

« The joint action GaPpp (Facilitating the Author-
isation of Preparation Process for blood, tissues
and cells) [77] was launched in 2018 and aimed
at facilitating the development of a common
and optimal approach to assess and authorise
preparation processes in blood and tissue es-
tablishments, adapting requirements as pre-
scribed by Article 29 of Directive 2002/98/EC
and Article 28 of Directive 2004/23/EC.

These projects have strengthened collaboration
among Health Authorities, and between these Health
Authorities and the professional associations in the
area of tissues and cells for human application, al-
lowing continuous input from field practice into the
regulatory framework.

1.9.3.2. Otherrelevant EU legislation

Cells and tissues that are substantially manip-
ulated or used for a different essential function can
be classified as a gene therapy medicinal product, a
somatic cell therapy medicinal product or a tissue-
engineered product.
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Activities involving such cells and/or tissues
have to comply with Regulation (EC) No. 1394/2007
of the European Parliament and of the Council on
advanced therapy medicinal products (the ‘ATMP
Regulation’) [78, 79] (see Appendix 41 for additional
information). This Guide is not applicable to such ac-
tivities, other than aspects related to donation, pro-
curement and testing of the cells/tissues. Clinical
trials of ATMPs must comply with the EU framework
on clinical trials (Regulation (EU) No. 536/2014) [80].
Donation, procurement and testing of the tissues
and/or cells must comply with the quality and safety
standards laid down in Directive 2004/23/EC and its
implementing directives.

In 2017, two new regulations on medical
devices were adopted and entered into force. Regu-
lation (EU) 2017/745 of the European Parliament and
of the Council, on medical devices, amends Direc-
tive 2001/83/EC, Regulation (EC) No. 178/2002 and
Regulation (EC) No. 1223/2009 and repeals Council
Directives 90/385/EEC and 93/42/EEC. The revised
requirements apply to medical devices combined
with tissues and cells and to medical devices incor-
porating non-viable derivatives of human tissues
or cells, in particular human collagen. Regulation
(EU) 2017/746 of the European Parliament and of
the Council on in vitro diagnostic medical devices
repeals Directive 98/79/EC and Commission Deci-
sion 2010/227/EU [81].
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Chapter 2. Quality management and validation

2.1.  Quality management

his chapter outlines the general principles of a
quality management system (QMS) that should
be applied at all stages, from identification of a po-
tential donor through processing and storage of the
tissues or cells to the final preparation for application
to the patient. Quality of tissues and cells is achieved
through compliance with requirements at four levels:
a. The legal framework that provides the overall
context in which the donation, procurement,
testing, processing, storage, distribution until
human application and import/export activi-

ties for tissues and cells are performed;

b. The QMS, which is a management method
to ensure that tissues and cells consistently
comply with technical and legal requirements;

c. The technical requirements specific to each
type of tissue or cell, which ensure quality,
safety and efficacy, as detailed in Part B and
Part C of this Guide;

d. 'The authorisations in place for the specific ac-
tivities, from the specific Health Authority.

A tissue establishment must implement a QMS
that covers the scope of all of its activities. The fol-
lowing non-exhaustive list of relevant standards and
legal instruments includes tools to support a tissue
establishment in the construction of a robust and ef-
ficient programme:

o Directive 2004/23/EC [1] - which sets the
standards of quality and safety for the dona-
tion, procurement, testing, processing, pres-
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ervation, storage and distribution of human
tissues and cells - and its associated technical
directives provide key elements to be included
in a tissue establishment QMS; these require-
ments are legally binding in EU member states.
Good Practice Guidelines for Tissue Establish-
ments (see Part C) that follow the EU directives.
The guidelines are based on a QMS approach.
They form the basis of good practice in all
tissue establishments and should be used in
preparation for inspection and in continuous
improvement.

Good Tissue Practices for European tissue
banks were developed by the EU-funded project
EuroGTP, which aimed to agree harmonised
practices and techniques across Europe and
to increase the know-how and level of compe-
tence of tissue establishment personnel. Much
of the guidance developed in that project has
been incorporated in the chapters of this Guide.
FACT-JACIE International Standards for cel-
lular therapy product collection, processing
and administration, published by the Founda-
tion for the Accreditation of Cellular Therapy
and the Joint Accreditation Committee of the
International Society for Cellular Therapy and
the European Society for Blood and Marrow
Transplantation.

NetCord-FACT International Standards for
cord blood collection, processing and release
for administration.

European Society of Human Reproduction
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and Embryology (ESHRE) Guidelines for good
practice in IVF laboratories [2].

o World Marrow Donor Association Interna-
tional Standards for Unrelated Haematopoietic
Stem Cell Donor Registries.

« The International Organization for Standard-
ization (ISO) requirements, as addressed in
the ISO gooo QMS family of standards. ISO
standards have been developed to assist or-
ganisations of all types and sizes to implement
and operate effective QMS. ISO 9001 on QMS
requirements is particularly relevant to tissue
and cell processes [3].

« The EU Guidelines for Good Manufacturing
Practices (GMP) [4] provide specific guid-
ance on the preparation of medicinal products.
However, much of their content is also relevant
to the procurement, processing, storage and
distribution of tissues and cells. Wherever (in
the EU) products containing tissues or cells are
classified as advanced therapy medicinal prod-
ucts (ATMPs), then the EU guidelines on good
manufacturing practice specific to advanced
therapy medicinal products must be applied [5].

2.2.  Applying a quality

management system in
donation and banking of
tissues and cells

uality is the responsibility of all personnel in-
volved in the process of providing tissues and
cells for clinical application. A systematic approach
to quality management must be implemented and
maintained throughout all processes that influence
the quality of tissues and cells. A good system ad-
dresses quality management under the following
headings:
a. Personnel and organisation;
Premises;
Equipment and materials;
Outsourced activities management (contrac-
tual agreements);
Documentation;
Quality control;
Quarantine and release;
Change control;
Traceability;
Complaints;
Investigation and reporting of deviations,
adverse events and reactions;
Recall;

b.
c.
d.
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Self-assessment, internal and external audit;
Validation, verification and qualification;
Quality risk management;

Fiscal and continuity planning;

Tools for continuous quality improvement.

S o ® S

2.3.  Personnel and organisation

here must be sufficient, suitably qualified per-

sonnel to carry out all tasks in compliance with
quality and safety requirements. Tasks and respon-
sibilities must be clearly defined, understood and
documented. All personnel should have clear, doc-
umented and up-to-date job descriptions. There
should be an organisational chart that describes the
structure of the organisation with clear delineation
of responsibilities and lines of reporting.

23.1. Key personnel

Key personnel in each organisation involved in
the process (from the initial donor-selection stage to
the final delivery of tissues and cells) should include
an identified person who is responsible for all activ-
ities carried out in their organisation, along with a
designated person who takes over this responsibility
in their absence. In principle, processing and quality
control activities should be independent of each
other to ensure effective and reliable evaluation of
processes, and be performed by different individuals.
However, it is recognised that in practice this sepa-
ration of responsibilities may be difficult to accom-
plish in smaller TEs, where due to staffing constraints
individuals may have to perform both processing
and quality control activities. It is however strongly
recommended that individuals do not take respon-
sibility for quality control checking of activities that
they themselves have performed.

Responsible person

For those countries that are members of the EU,
the Responsible Person (RP) in a tissue establishment
must meet qualification criteria defined in Directive
2004/23/EC [1]. Each relevant organisation must also
have an identified medical specialist/adviser who
may or may not be the RP.

The responsibilities of the RP should include
(but are not limited to):

o ensuring that human tissues and cells in the
establishment for which that person is respon-
sible, and intended for human applications, are
procured, tested, processed, stored and distrib-
uted (including import and export) in accord-

2.3.1.1.
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ance with this directive and with the laws in
force in the member state;

providing information to the Health Authority
on any substantial changes to its activities;
implementing appropriate control measures in
order to ensure compliance with the require-
ments of this directive;

keeping records of their activities, including
the types and quantities of tissues and/or cells
procured, tested, preserved, processed, stored
and distributed, or otherwise disposed of, and
on the origin and destination of the tissues and
cells intended for human applications;
ensuring that the Health Authority(ies) is (are)
notified of any serious adverse events and re-
actions and is (or are) provided with a report
analysing the cause and the ensuing outcome;
putting in place and updating a quality system
based on the principles of good practice;
providing training and qualifying personnel
directly involved in activities relating to the
procurement, processing, preservation, storage
and distribution of tissues and cells.

2.3.1.2.  Quality manager

The quality manager who manages the quality
system should ensure (but their responsibilities are
not limited to) implementation of the following:
qualification of personnel,
verification or validation of processes,

o qualification, maintenance, cleaning, dis-
infection and monitoring of premises and
equipment,

verification or validation of test methods,
qualification of materials,

qualification and monitoring of suppliers and
contractors,

document control,

retention of records,

compliance of all other personnel with estab-
lishment requirements,

scheduling and follow-up of audits (internal or
external ones),

follow-up of non-compliances and corrective
measures,

implementation of risk mapping as part of the
quality management system, notably for crit-
ical activities.

23.2.  Training and qualification of staff

Tissue and cell procurement and processing
should be carried out by appropriately qualified
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personnel. Personnel must receive initial and con-
tinued training appropriate to the tasks assigned to
them. Criteria should be defined and satisfied before
declaring personnel qualified for a specific task.
Training methods must be documented and must
ensure that each individual:

has demonstrated necessary competence in,
and is authorised to perform, their designated
tasks;

has an adequate knowledge and understanding
of the scientific/technical processes and princi-
ples relevant to their designated tasks;
understands the organisational framework, the
quality principles relevant to their tasks and
the safety rules of the TE in which they work;
is adequately informed of the broader ethical,
legal and regulatory context of their work;

has knowledge of the general data protection
regulation, including information technology
(IT) security and data management rules.

When applicable, personnel should have rel-
evant knowledge of microbiology and hygiene, and
should be constantly aware that microbial contami-
nation of themselves, donors and recipients, as well as
tissues and cells, should be avoided. The training pro-
gramme should include mid- to long-term training
plans, be adequately resourced and target all the per-
sonnel that might be involved in any activities within
the scope of this Guide, irrespective of whether the
activity is routine or occasional.

Training programmes should be periodically
re-evaluated, and the competence of personnel must
be monitored regularly. This can be done, for example,
by the monitoring of quality indicators, proficiency
testing, external quality assurance, and internal or
external audits.

233.  Safety issues for healthcare personnel
working with tissues and cells for human

application

Personnel carrying out tissue and cell procure-
ment and processing activities are exposed to a risk
of infection to a similar degree as operating theatre
personnel. In some cases, donors will not have been
fully tested at the time of procurement or initial pro
cessing and, even where they have been tested, a re
sidual risk of infection by untested agents remains.
There may also be occasions when a donation is still
required to be processed following receipt of positive
test results, increasing the risk to healthcare per-
sonnel, for example when an autologous donation
is assessed as being the most appropriate treatment
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methodology. Standard universal precautions and
appropriate procedures should be in place to avoid
transmission of infections and suitable personal pro-
tective equipment (PPE) must be applied to protect
personnel from these risks. Documented procedures
should be in place describing the actions to be taken
if an individual is directly exposed to the blood or
tissues of a donor or their donation (e.g. needle-stick
injury). These procedures might include: accelerated
and extended testing of the donor, rapid testing of the
staff member, and prophylaxis for the transmissible
agent(s) where appropriate.

Procedures should define rules for personnel
hygiene and safety and the behaviour of the per-
sonnel in the TE, as follows.

In the procurement and processing rooms of
the TE:

a. eating, drinking and smoking are prohib-
ited, and using private cellphones (mobiles) is
strongly discouraged;

b. personnel should be educated as to the poten-

tial impact of their health status on their suit-
ability for working with substances of human
origin (SoHOs) because compromised im-
munity, their vaccination status or infectious
disease may increase the risk to themselves,
their co-workers or the SOHO they are manip-
ulating;
c. the usual rules for dressing should be detailed —
in particular, personnel need to be reminded of
basic hygiene conditions regarding hair, beard
and hands - and the use of gloves, glasses and
specific protection for SoHO preparations
should be mentioned; and
behaviour in case of a work accident occurring
with biologic fluid or SOHO that carries poten-
tial risks of disease transmission, with toxic
chemistry reagents, etc.

In areas with controlled atmosphere or with
specific risks:

e. for each situation (e.g. gas manipulation, risk
of anoxia, risk of burns), the dressing, hygiene
and protective rules should be defined and
evaluated by trained professionals (e.g. pre-
vention and biosafety officers) according to the
kind of risks;
these rules should be accepted and understood
by the personnel concerned;
attention should be paid to occasional workers
in the TE, as for example cleaning staff, who
need to be informed of the risks (e.g. regarding
microbiological hazards and liquid nitrogen)
and should be regularly trained to the specific
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rules on hygiene and safety mentioned above;
and

h. regular training should be delivered to the TE
personnel and additional training envisaged if
necessary.

23.4. Safety issues for tissues or cells handled

by personnel with bacterial or viral
infections

Personnel involved in procurement and pro-
cessing of tissues and cells might also pose a risk to
the quality and safety of the tissues and cells if they
themselves are infected with a transmissible agent.
Organisations should have documented policies de-
scribing the requirements for health screening of per-
sonnel and for individuals to inform the organisation,
in a confidential manner, if they have accidentally
exposed tissues or cells to risk of contamination.

2.4. Premises

Premises must be designed, located, con-
structed, adapted and maintained to suit the opera-
tions to be undertaken. Their layout and design must
aim to minimise the risk of errors and permit opera-
tions to proceed in an orderly sequence. Their layout
must also allow effective cleaning and disinfection to
avoid contamination and cross-contamination.

Suitable premises should be available for confi-
dential interviewing of living donors or the families
or friends of deceased donors.

Facilities in which tissues or cells are procured
must meet appropriate grades of air quality and clean-
liness. The appropriate standard of cleanliness will
depend on the type of tissues or cells being procured,
the degree of exposure of the tissues or cells during
the procurement process, and the decontamination
or sterilisation processes that will subsequently be
applied to the tissues or cells during processing. Most
operating theatres are now environmentally moni-
tored and have controlled air systems that make them
suitable for the procurement of tissues that are not
subsequently sterilised. Other types of facilities, such
as mortuaries, may also be adequate for the procure-
ment of certain types of tissues, but they should be
assessed for fitness of purpose. Further guidance on
facilities for tissue and cell procurement is given in
Chapter 7, Chapter 8 and Chapter 9, and in Part B of
this Guide.

Processing facilities should be dedicated to this
activity and should be designed, qualified and moni-
tored to ensure that air quality is appropriate for the
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process being carried out. Further guidance is given
in Chapter 8 and in Part B of this Guide.

Processing and storage facilities should be
cleaned, and if applicable disinfected, according to
a schedule and procedure that has been validated
to achieve the required level of cleanliness, and all
cleaning and disinfection procedures should be doc-
umented. They must be spacious enough to facilitate
the work and provide good ventilation. Premises for
storing tissues, cells, critical consumables and rea-
gents must also be qualified, maintained and mon-
itored. If certain storage conditions are critical for
preserving the required properties of tissues, cells,
consumables and reagents, the appropriate moni-
toring and alarm systems must be in place to indicate
if conditions are approaching, or fall outside, prede-
fined limits. Standard operating procedures (SOPs)
should define the actions to be taken and the organi-
sation in place in response to alarms. Storage require-
ments apply equally to interim storage of tissues and
cells before transport to a processing facility. Further
guidance on requirements for storage is given in
Chapter 8 and Chapter 10, and in Part B of this Guide.

Premises should include adequate dedicated
areas that allow the ‘first in, first out’ — or, when ap-
plicable, the ‘first expired, first out’ — principle for
critical consumables and reagents to be respected.
These areas should allow for adequate (physical or
electronic) segregation of those materials in quaran-
tine from those released for use.

Equipment and materials
Equipment

2.5.
254,

A list or register of critical equipment should
be maintained. In this context, ‘critical’ means those
items of equipment that come in contact with the
tissues, cells or critical consumables and reagents, or
influence the quality/safety attributes of the tissues,
cells, consumables and reagents either directly (e.g. a
freezer) or indirectly (e.g. donor testing equipment).
All equipment on this list must be designed, identified,
qualified, maintained and, if applicable, monitored
to suit its intended purpose and it must minimise any
hazard to donors, recipients, operators or the quality
and safety of the tissues and cells. Equipment should
conform to international standards and EU and na-
tional licensing arrangements, where these exist.

In the EU, critical equipment must meet the
requirements of Regulation 2017/745 of the European
Parliament and of the Council of 5 April 2017 con-
cerning medical devices [7] and Regulation 2017/746
of the European Parliament and of the Council of
5 April 2017 on in vitro diagnostic medical devices

[8], and national licensing arrangements where
these exist. All critical equipment should be quali-
fied before being taken into service, to assure proper
functioning, and re-qualified periodically in service
(see §2.12.6) [6], for example, temperature mapping
of a freezer to identify temperature deviations that
might affect the quality of stored tissues or cells. Re-
qualification intervals should be defined through risk
assessment, taking into account reported deviations,
monitoring results and the lifespan of the equipment.
All qualification activities should be scheduled and
recorded.

Critical measuring equipment, for example
micropipettes or temperature sensors, must be cali-
brated at defined intervals to assure the accuracy of
measurements. The calibration intervals should be
defined through risk assessment, taking into account
reported deviations, monitoring results and the
lifespan of the measuring device. Calibration results
must be maintained and recorded (see $2.12.8).

Apparent deviations in the quality and/or per-
formance of equipment must be investigated and reg-
istered promptly. Outcomes of these investigations
should be reported in a timely manner to the RP,
who should consider and approve the corrective and
preventive actions to be implemented. Critical devi-
ations from the design or the use of the device that
could endanger the quality and/or safety of tissues
and cells must be reported to the manufacturer and,
where appropriate, must be reported to the Health
Authority.

Defective equipment should, if possible, be
removed from production and quality control areas,
or at least be clearly labelled as defective. Repair op-
erations should not present any hazard to the quality
of the tissue and cells and should be recorded. The
requalification of repaired equipment before being
returned to service could be risk-based.

Equipment should be designed so that it permits
effective maintenance, cleaning and if applicable dis-
infection. Maintenance, cleaning and if applicable
disinfection must be performed regularly and re-
corded. Preventive maintenance should be scheduled
as defined by the manufacturer. The cleaning and
disinfection intervals should be defined through risk
assessment, taking into account reported deviations,
monitoring results and the validation of the cleaning
and disinfection procedure.

25.2.  Materials, consumables and reagents

A controlled list must be constructed of all
materials, consumables and reagents that come into
contact with the tissues or cells or that influence the
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quality or safety of the tissues or cells. Detailed speci-
fications for these critical materials, reagents and con-
sumables must be documented and, when applicable,
must meet the requirements of Regulation 2017/745
of the European Parliament and of the Council of 5
April 2017 concerning medical devices [7] and Regu-
lation 2017/746 of the European Parliament and of the
Council of 5 April 2017 on in vitro diagnostic medical
devices [8].

Only materials from qualified suppliers that
meet the documented specifications should be used.
Manufacturers should provide a certificate of com-
pliance for every lot/batch of materials supplied.
Batch acceptance testing or checking of each delivery
of materials should be carried out and documented
before release for use in tissue or cell procurement or
processing.

Inventory records must be kept for traceability
and to prevent use of materials after their expiry date.
Each batch of critical materials, reagents or consum-
ables must be traceable to the session of procurement
or processing of tissues and cells in which they were
used.

Apparent deviations in the quality and/or per-
formance of materials must be investigated and re-
corded promptly. Outcomes of these investigations
should be reported in a timely manner to the RP,
who should consider and approve the corrective and
preventive actions to be implemented. For relevant
deviations, a notice should be sent to the manufac-
turer and, where appropriate, must be reported to the
Health Authority.

Further guidance on reagents and materials
used in tissue and cell processing is provided in
Chapter 9.

Outsourced activities
management (contractual
arrangements)

2.6.

here steps influencing the quality or safety of

tissues or cells (i.e. critical steps) are carried
out by a third party, there must be a contract or
service-level agreement in place that must describe
the roles and responsibilities of all parties for main-
taining the quality chain and the quality require-
ments for the service provided. Agreements should
allow for audits of contracted third parties to confirm
their compliance with expectations. An example of
an expectation is that if a supplier changes specifica-
tions for equipment or reagents provided to a tissue
establishment, or they provide a substitute for an
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ordered item, they must inform the TE in in advance
in a timely manner with regard to these changes.

In EU member states, tissue establishments
must establish written agreements with a third party
each time an external activity takes place that influ-
ences the quality and safety of tissues and cells pro-
cured or processed in co-operation with a third party.
They should keep a complete list of these agreements
and make them available at the request of the Health
Authorities.

Agreements should be dated, reviewed and
renewed on a regular basis. Written agreements
should be in place for at least the following service
suppliers:

a. testing laboratories (including donor, tissue
and environmental testing);
b. procurement teams that are independent from

a tissue establishment;

c. transport companies;

d. suppliers of critical equipment, consumables
and reagents;

e. suppliers of services such as tissue and cell
storage, processing or sterilisation;

f. suppliers of IT services.

Once tissues and cells have been distributed
for clinical application, they usually leave the QMS
of the tissue or cell facility. However, appropriate
control of transport and transport conditions, appro-
priate handling and preparation before use and full
traceability should all be maintained. Maintenance
of quality and traceability is usually achieved by pro-
viding users with clear and detailed written instruc-
tions. The tissue establishment should implement
appropriate measures, such as instructions for use
and traceability record labels, which are provided to
the clinical user in order to ensure product quality
and traceability down to the recipient. Some na-
tional standards require the organisation responsible
for human application of tissues and cells (ORHA)
to provide the supplying tissue establishment with
details of the patient to whom the tissues or cells were
clinically applied (see Chapter 13).

Distribution to the patient for use without
direct supervision of a health professional requires
particular attention to instructions for storage and
use, and should be carried out only if it is the only
available option.

2.7. Documentation and records

here must be a process in place that results in
clearly defined and effective documentation, that
controls modification of records and that registers
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approval of SOPs for all activities for which accred-
itation/designation/authorisation/licensing is sought.
Documentation must enable all recorded data re-
lating to the quality and safety of the tissues and cells
to be checked and traced, from the donor to the re-
cipient and vice versa (see Chapter 16 — Traceability).
In MAR, traceability also involves follow-up of
the outcome from these treatments, including the
children (see Chapter 29). Written documentation
ensures that work is standardised and prevents errors
that may result from oral communication. Where
oral communication is necessary for critical infor-
mation exchange, audio recordings may be useful.
Donor information, in general, and donor-referral
records in particular, must meet the same criteria.

2.7.1. Documentation

Quality-assurance (QA) document control is
the process used in the management, co-ordination,
control, delivery or support of an item required for
QA purposes. QA document control is an essential
part of the QA system of good tissue and cell prac-
tice. It allows authorised persons to approve, review
and update documents; make changes and identify
revision status; control document distribution; and
prevent use of obsolete documents, facilitating proper
archiving. National regulations concerning docu-
ment control could apply.

Procedures must be adopted to ensure that:

all documents issued as part of the quality
management system are periodically reviewed,
revised when necessary, dated and approved by
authorised personnel prior to issue;

only the current version of the document is in
use, and its distribution is maintained;

all personnel have access to documents needed
for the execution of their tasks;

invalid or obsolete documents are promptly re-
moved from all locations;

retained or archived documents are appropri-
ately identified to prevent their inadvertent use.

All documents relevant to the quality manage-
ment system should be uniquely identified to include:
1. title;
2. edition or current revision date or revision
number;
number of pages;
4. owner, author and authoriser.

For every critical activity, the materials, equip-
ment and personnel involved must be identified and

documented. Documentation should include at least

the following items:
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a. a quality manual, if required by national leg-
islation or other applicable quality standards;
policies and SOPs for all activities that in-
fluence the quality or safety of the tissues or
cells, including the management of the quality
system itself;

specifications for materials, consumables and
reagents;

qualitative and quantitative specifications for
tissues and cells;

specifications for equipment;

technical guidelines;

contract and service-level agreements;

job descriptions;

instruction manuals;

reliability of the traceability system;
implementation and traceability of corrective
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measures;
implementation of internal or external audits;
implementation of a risk mapping as part of
the quality management system, notably for
critical activities.

Documentation must be retained according to
national requirements.

2.7.2. Records

Records must be maintained for all critical
steps, including the rejection of non-conforming
tissues and cells. Procedures must be adopted to
ensure that:
records are reliable and a true representation
of the results;
records are legible and indelible;
records meet the confidentiality requirements
laid down in Article 14 of Directive 2004/23/EC
[1];
access to registers and data is restricted to
persons authorised by the responsible person,
and to the Health Authority for the purpose
of inspection and control measures (see also
Chapter 14);
any alteration made to a record is dated and
signed or, in the case of digital records, an
audit trail of alterations is maintained;
records contain the identification of the opera-
tors and date of completion of the activity and,
where appropriate, the identification of any
person who checked these activities.

Procedures should be adopted to ensure that
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the use of handwritten records, including transcrip-
tions of records, is minimised. Records should pref-
erably be registered in qualified information systems.
Records should include at least the following
items:
a. records of the performance of operations crit-
ical to the safety and quality of tissues and cells,
b. records of critical equipment, information
systems, materials, consumables and reagents,
c. records of complaints and deviations,

d. records of corrective and preventive actions,

e. records of internal audits, external audits and
inspections,

f. training and competency records of personnel,

g records of internal and external quality control,

h. identification and analysis of risks and a

risk-mitigation plan,

i. donor records,

j. information on the final destination of tissues
and cells,

k. records of quality indicators.

The QMS should define the period of time for
which records will be retained. In the EU, records that
are critical for the safety and quality of tissues and
cells, including quality-system documentation and
raw data, should be retained for 10 years and trace-
ability records for 30 years after clinical use, expiry
date or disposal of the tissues and cells. Records can
be stored on paper or any electronic support.

An establishment responsible for using per-
sonal data has to follow strict rules on data protection.
They should make sure the information is:

a. used fairly, lawfully and transparently,
b. used for specified, explicit purposes,
c. used in a way that is adequate, relevant and
limited to only what is necessary;,
d. accurate and, where necessary, kept up to date,
kept for no longer than is necessary,

f handled in a way that ensures appropriate se-
curity, including protection against unlawful
or unauthorised processing, access, loss, de-
struction or damage.

®

Information which is deemed more sensitive
may require additional protection. This includes data
on:

e race,

» genetics,

« biometrics (where used for identification),
o health.
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2.8. Change control

hange-control procedures should ensure that suf-

ficient supporting data are generated to demon-
strate that the revised process results in a product
of the desired quality consistent with the approved
specifications. Change control should be carried out
prior to the implementation of a revised/new process.
Written procedures should be in place to describe
the actions to be taken if a change is proposed to any
starting material, final product specification, equip-
ment, environment (or site), method of production
or testing, or any other change that may affect the
quality of tissues or cells or the reproducibility of the
process. All such changes should be requested, in-
vestigated, documented, traced and authorised. The
likely impact of the change in facilities, systems and
equipment on the final product should be evaluated
(including a risk analysis). The need for, and the
extent of, any re-validation or re-qualification should
be determined.

The training programme should be re-assessed
for any critical change in environment, equipment
or processes. Training records (including plans and
training plans) should ensure that training needs
are identified, planned, delivered and documented
appropriately by taking into account any changes to
systems and equipment.

Some changes may require notification to, or
licence amendment from, a national health authority.

For further information, see Chapter 9.

2.9. Complaints

1l complaints must be documented, carefully in-
vestigated and managed in a timely manner. The
complaints procedure should take into consideration
complaints from:
a. living donors or the families of deceased
donors,
b. personnel,

c. third-party health professionals,

d. clinical users, including those in another juris-
diction,

e. patients.

A mechanism for categorising, tracking and
trending complaints should be in place and should
be readily available for audit. Categorisation of com-
plaints should in any case lead to an assessment of
whether the complaint is justified and is related to
a potential deviation. If the latter is the case, then
based on the potential seriousness and frequency of
appearance, a root cause analysis and possible identi-
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fication of corrective measures should be performed
(see $2.12 and Chapter 4 for details).

2.10. Investigation and reporting

of deviations, adverse events
and adverse reactions

1l deviations, including (serious) adverse events
and (serious) adverse reactions, from the re-
quired standards of quality and safety must lead to
a documented investigation. There should be an SOP
in place that defines how the organisation manages
deviations. This SOP should ensure that:
the personnel responsible for managing and in-
vestigating deviations are designated;
any deviations are categorised depending on
how critical they are to the quality and safety
of tissues and cells, and how frequently they
occur;
the medical significance of any deviation is
considered and, where appropriate, the RP and/
or clinician responsible for the procurement or
clinical application is informed;
the released tissues and cells are recalled as
necessary (see $2.11 and Chapter 12);
there is a clear allocation of responsibility to
discontinue or resume processes;
reporting of deviations in a non-punitive
context is encouraged to help achieve improve-
ments in practice.

However, any deviation that, depending on
its impact, might result in a serious adverse event or
serious adverse reaction in a living donor or recipient,
must be linked to the vigilance reporting system (see
Chapter 17).

There should be a process in place for taking
immediate remedial actions. These actions should be
clearly documented. Based on the estimation of oc-
currence and severity (e.g. risk matrix) of the devi-
ation, a root cause analysis should be performed to
identify the underlying cause or causes of the devia-
tion. These should, where appropriate, lead to correc-
tive action. At regular specified intervals, the records
of deviations should be reviewed to detect trends and
initiate preventive actions.

Corrective actions must be documented, initi-
ated and completed in a timely and effective manner.
Preventive and corrective actions should be assessed
for effectiveness after implementation.

Serious adverse events and serious adverse reac-
tions should be reported through a vigilance system.
For detailed guidance on vigilance of tissues and
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cells, see Chapter 17. If products containing tissues
or cells are classified in the EU as ATMPs, adverse
occurrences should be reported either through phar-
macovigilance systems for process events or through
biovigilance systems for donor reactions, or other
events and reactions detected before delivery of the
tissues and cells to the pharmaceutical facilities.

2.11. Recall

n effective written procedure must be in place

for recalling defective tissues or cells or those
suspected of not meeting required quality or safety
requirements. This written procedure must encom-
pass the need to agree and document any corrective
and preventive actions that might be necessary, re-
membering that other tissues or cells procured from
the same donor might be affected. Therefore, a recall
procedure could affect more recipients than initially
presumed. If other organs, tissues or cells from the
same donor were used, transplant teams should be
promptly informed. The actions should be commu-
nicated to the end user, where appropriate. Further
guidance on recall is provided in Chapter 17.

2.12. Qualification, validation and
verification
2121.  General principles

Validation, verification and qualification to-
gether form the part of the QMS concerned with
proving that all critical aspects of the establishment’s
operations are sufficiently under control to provide
continual assurance that tissues and cells will remain
safe for patients and fit for purpose; see Table 2.1. The
critical aspects subject to validation, verification and
qualification include:

a. the facilities and equipment used in procure-
ment, processing, storage, testing and distribu-
tion, and any equipment and software used to
manage their operation and data,

b. materials and reagents that come into contact
with cells and tissues,

c. labelling and tracking materials, equipment
and software,

d. operational staff and the written procedures
that instruct their work,

e. process stages from procurement to distri-

bution where there is a risk of a detrimental
effect on the quality and safety characteristics
of tissues and cells if not performed correctly,
based notably on the risk mapping tool,

analytical test methods used to assess and
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confirm the safety and quality of donors, dona-
tions, tissues and cells,

g other auxiliary processes such as the transport
and cleaning processes.

Validation, verification and qualification
combine to form a highly technical activity requiring
a good understanding of the risks associated with
critical processes conducted by the tissue establish-
ment and the potential risks and impact of materials
and equipment used in these processes. Risk mapping
is a useful tool for this exercise. Establishments per-
forming very simple, minimal manipulation of a
limited range of tissues and cells in accordance with
published methods, or following long-established
practices using the same materials and equipment,
may rely on ongoing quality control and periodic
reviews. Such establishments should still document
their validation policy, explaining their approach on
the basis of risk assessment and should perform a
retrospective verification of their critical processes to
confirm that the method has the intended (clinical)
outcome. The qualification of premises, equipment,
materials, consumables, reagents and personnel
should be ensured.

The risks increase significantly with the intro-
duction of more complex processes, a wider range
of tissue and cells handled, computerised systems,
expansion of facilities and significant growth in
workforce. In these circumstances it becomes more
important to take the formal approach to validation as
described in this section to ensure that the establish-
ment’s processes remain safe for donors and patients.

Validation is usually split into two compo-
nents: qualification and validation (or verification).
The term ‘qualification’ is applied to each part of the
process and to individual items, including cleanroom
facilities, equipment, computer systems, materials
and operators. Such items should be qualified before
they are first used in a process and then re-qualified
at predetermined intervals, or when significant
changes are made. Each individual item should be
qualified separately to demonstrate consistent perfor-
mance. Validation provides objective evidence that
the method or process is fit for purpose, meaning that
that the predefined requirements for a specific in-
tended use are fulfilled. If a TE wishes to apply a pre-
viously validated method, or a standard method, that
has been extensively validated via another TE or pub-
lished by professional organisations or international
guidelines, consideration should be given to verifica-
tion of the requirements of these standard methods.
Verification tests of standard methods are typically
less extensive than those required for validation.
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Process (or test-method) validation or verifica-
tion should only be performed once all the items used
have been qualified; it should be performed before a
new process or method is used routinely and, where
required by local legislation, before any associated
tissue or cell product is released for human applica-
tion (prospective validation). It is possible to conduct
process validation during the processing of tissues and
cells intended for subsequent release for human appli-
cation (concurrent validation). Where establishments
have not validated any of their processes or methods
because they have been in routine use without change
for many years, they may use existing data and infor-
mation as a basis for retrospective verification of their
critical processes to confirm that the method has the
intended (clinical) outcome. Any process or method
changes should be assessed for impact and risk in
accordance with quality risk-management principles
(see Chapter 4), and verification should be considered
where there is unacceptable risk.

The objective of validation is to challenge the
critical aspects of items through a series of con-
trolled tests representative of the conditions under
which they are expected to operate, to demonstrate
that they achieve predefined acceptance criteria for
quality and safety. The challenge should include the
normal variation of possible conditions expected, but
also more extreme conditions where there are high
risks, to provide a safety margin, for example with
sterilisation processes. The objective of verification is
to demonstrate the ability to achieve the published
performance characteristics of the standard or vali-
dated method under their own test conditions.

The test methods to be used and the acceptance
criteria should be documented and approved by the
establishment management before qualification or
validation or verification commences. This document
is commonly called the validation plan. The valida-
tion and verification should be performed by trained
and competent persons. The results of the validation
and verification should be compared with the accept-
ance criteria and any deviation from the plan should
be recorded during the validation and documented
in summary form with a conclusion. This document
is commonly called the validation report. Following
validation and verification, the acceptance or rejec-
tion of the item or process by designated establish-
ment management should be documented.

It should be clear through documentation and/
or status labelling which processes and items have
been validated, qualified or verified and which are in
the process of validation, verification or qualification.
Where anything is not in a fully validated state, there
must be controls to prevent its use.
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Table 2.1. Processes or resources that should be qualified, validated, verified or calibrated

Qualification

Validation Verification Calibration

Premises X

Personnel

Equipment

Software

Measuring equipment

Critical materials

X | X | X |X|X

Suppliers

Analytical tests (IVDR, Ph. Eur. monographs)

In-house analytical tests

In-house process methods

Established process methods (e.g. guidelines,
monographs, other tissue establishments)

Cleaning and disinfection methods

212.2.  Validation planning

The validation, verification and qualification
policy should consider a process design phase where
deep knowledge of the process is achieved. In the
following paragraphs, the term ‘validation’ is also
used to cover method validation, verifications and
qualification.

In this stage, the critical quality attributes of
the tissues/cells are identified and the subsequent
critical process parameters are identified. According
to the critical process parameters affecting the crit-
ical quality attributes, a process control strategy
should be developed.

During the validation phase itself, the process
control strategy is implemented, and all the elements
involved, such as equipment, utilities, suppliers and
transport, are qualified before proceeding with the
process validation.

All validation must be carefully planned in
advance. Validation planning requires technical ex-
pertise in the processes involved and items used in
the processes as well as expertise in any applicable
regulations and technical and quality standards. It
should therefore involve a validation team of relevant
operational, quality, regulatory and medical experts
in the establishment. Where necessary, for example
the qualification of new cleanroom facilities, external
experts may be employed to advise.

Effective validation is not possible unless the
establishment management is completely clear what
its specific technical and quality requirements are.
Establishments should use quality risk-management
procedures to help determine their expectations for
the processes and items used, which must address
any significant risks to donors, recipients or quality
of products, and any risks of regulatory non-com-
pliance. Consideration should be given to possible
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modes of failure and the need to detect failure. Each
establishment should document their expectations in
the form of specifications. For processing stages there
should be product specifications, for test methods
there should be test specifications and for items used
in processes, there should be user-requirement speci-
fications (URS). For bespoke items of equipment and
facilities, the manufacturer or supplier will need to
interpret the URS and write a design specification
to instruct their engineers, who will then write as-
sociated detailed technical specifications for the con-
struction. For off-the-shelf items, the URS is used to
assess suitability and to inform purchase decisions.

The validation team will need to develop val-
idation plans that prove that the relevant specifica-
tions will be met under all likely conditions and
worst case scenarios, with expected margins of safety
where necessary. Appropriate tests and associated ac-
ceptance criteria should be established. This requires
knowledge of the critical operational parameters and
the expected variation in those parameters. Such pa-
rameters may include operating temperatures, expo-
sure times, air flows, bioburden, location and product
characteristics. Statistical methods will often be
needed to demonstrate consistent performance with
the necessary level of confidence. Means for detecting
failures and alarms will need to be tested. Where
relevant standards such as ISO and the European
Pharmacopoeia provide detailed validation methods,
these should be included in the validation plan.

If it is not possible to complete any proce-
dures strictly in compliance with the plan, then
there should be a review by the validation team, who
should decide whether to repeat all or part of the
validation or to allow a deviation for the modified
procedure. Such decisions must be recorded in the
validation records and report. Where establishments
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employ an independent quality manager or a desig-
nated RP in accordance with EU legislation, then that
person should supervise all validation activity and be
responsible for approving or rejecting the outcome of
validation.

2123. Documentation

As with all elements of the quality system, the
policy and process for planning, executing and re-
cording validation must be documented in written
procedures. This documentation may be assembled
into a validation master plan (VMP). The VMP will
typically include the following:
validation policy,
organisational structure of validation activities,
summary of facilities, systems, equipment and
processes to be validated,
documentation format,
planning and scheduling,
change control,
reference to existing documents.

212.4. Qualification of operators

Operators are qualified as part of the training
programme (see $§23.2). There should be a docu-
mented training specification and plan for each op-
erator, identifying how they are to be trained and
listing the desired outcomes (acceptance criteria)
from the training. The capability of individual op-
erators to meet the desired outcomes should be as-
sessed through observation and tests before they are
approved as qualified to carry out procedures unsu-
pervised. Particular attention is given to qualification
of operators’ aseptic techniques working in Grade A
environments with Grade B background. The usual
approach under such circumstances is to conduct
simulated processes using culture medium or broth
in place of, or added to, tissues or cells.

Before written procedures (SOPs and Work
Instructions) are approved as part of the document-
control system (see §2.7) they should be read and
approved by an authorised operator to confirm that
they are clear, understandable, accurate and practical.

212.5.  Qualification of materials and suppliers

A detailed URS should be available for mate-
rials (see §2.5.2). Before introducing a new material
into a process it must be qualified. This will involve
confirmation that it meets the URS through exam-
ination of the material and of test data either from
the manufacturer (Certificate of Analysis), a third
party or in-house testing. Where the URS requires, or
where there may be significant variation that might
affect the outcome from the process in which the ma-
terial is to be used, there may be a need for qualifi-
cation of the material. Qualification may be carried
out on a scaled-down version of the process or at full
scale and may be run in parallel with the existing ma-
terial to demonstrate a comparable outcome.

Suppliers and manufacturers of materials,
equipment and contract services should be qualified
before any purchase is made. The purpose is to ensure
that they can be relied upon to continue supplying
the goods and services that meet the URS. This relies
upon compliance with quality specifications and op-
eration of an acceptable quality management system.
This should be confirmed through audit (see $2.13) of
their operations and quality management system or
internal quality control.

212.6. Qualification of premises and equipment

Facilities and equipment must be quali-
fied before use and when any significant change is
implemented.

Facilities and equipment should be qualified
following the four steps shown in Figure 2.1. and the
extension of the qualification should be determined
through a risk assessment exercise. Some steps might
be executed together.

2.12.6.1. Design qualification

The first element of the qualification of new
facilities, systems or equipment can be considered
‘design qualification’ (DQ). This qualification in-
volves demonstration and documentation of the
compliance of the design with good practice (i.e.
the design is suitable for the intended purpose). DQ
should be used to confirm that proposed solutions
meet the URS. If the proposed solution is an off-the-

Figure 2.1. Steps in qualification of facilities and equipment

Design Installation
qualificati qualification
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shelf item DQ is still required by the Tissue Establish-
ment to confirm it meets their requirements prior to
purchase.

2.12.6.2. Installation qualification

Installation qualification (IQ) should be
carried out on new or modified facilities, systems and
equipment once installed on site. IQ should include
(but is not limited to) the following:

a. installations of equipment, piping, services and
instrumentation, which are checked to current
engineering drawings and specifications,
collection and collation of the operating and
working instructions as well as the mainte-
nance requirements of the supplier,
calibration requirements, including verifica-
tion of the uncertainty of measurement for any
measuring equipment,

Qualification of construction materials.

IQ for new facilities or modified facilities
and more complex equipment may be performed
by the supplier, but the establishment should verify
that agreed acceptance criteria have been met. An
example of a cleanroom qualification document is
available in Appendix 4 and an example of an incu-
bator is available in Appendix 5.

2.12.6.3. Operational qualification
OQ should include (but is not limited to) the
following:

a. tests that have been developed from knowledge

of processes, systems and equipment to ensure
that the system is operating as designed,
tests to include a condition or a set of condi-
tions encompassing upper and lower operating
limits (sometimes referred to as ‘worst-case’
conditions).
Completion of a successful OQ should allow
calibration, operating and cleaning procedures,
operator training and preventive maintenance
requirements to be finalised. It should permit
a formal ‘release’ of the facilities, systems and
equipment.

C.

2.12.6.4. Performance qualification
PQ should include (but is not limited to) the
following:

a. tests, using production materials, quali-
fied substitutes or simulated tissues and cells,
which have been developed from knowledge of
the process and the facilities, systems or equip-
ment,
tests to include a condition or set of condi-

b.
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tions encompassing upper and lower operating
limits.

The number of tests carried out should achieve
reproducibility of the process, to the grade of war-
ranty that the process is required to demonstrate.
The more knowledge there is of the process, the less
testing during PQ may be needed.

212.7. Qualification of software

Computer and automated systems controlled
by bespoke and off-the-shelf software are extensively
used by tissue and cell establishments to help manage
procurement, processing, testing and distribution ac-
tivities and data. The design of, and changes to, soft-
ware can have a significant impact on the quality and
safety of tissues and cells and the integrity of critical
data. It is therefore essential to maintain effective
version control over software in use and to qualify
new software and requalify existing software when
changes are made. Establishments should be aware
of the current version of software operating their rel-
evant computer and automated systems at all times
and should not allow upgrades of existing software
by system suppliers without their approval.

Software requirements should be included in
the appropriate URS for the system they control. For
bespoke software, the URS will be used by software
system engineers to produce a detailed technical
specification to be used by a programmer to write
new or revised code for the system. For an off-the-
shelf system the URS will be used to assess candidate
software and to inform the local IT staff how to con-
figure the software. New and revised versions of soft-
ware should be qualified in operation by users (user
acceptance testing or UAT) before being put into
service. At the very least, this testing should include
verification of critical settings encoded in the soft-
ware, for example when there is a version update to
software for running an apheresis machine or testing
system. However, usually the software will be tested
in its operational state through process-simulation
tests or parallel running as part of the system (equip-
ment) qualification. It is important during user ac-
ceptance testing to verify that existing functionality
continues to operate as expected (regression testing)
as well as testing new functionality.

For additional information, see Chapter 14.

2.12.8. Calibration

All equipment or systems with a critical meas-
urement function must be calibrated according to
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a planned schedule. Calibration is a qualification
method that confirms, under defined conditions,
the relationship between values obtained from the
measuring equipment or system and those obtained
using an appropriate certified standard. Calibration
addresses measurement uncertainty (U). ‘Measure-
ment uncertainty’ refers to the closeness of agree-
ment between a measured quantity value and the
true quantity value of what is being measured. Hence,
if the measured value is close to the true value, the
measuring system has high accuracy. The accept-
able tolerance should be set according to the critical
quality attributes of tissues/cells, and these tolerance
limits of the same equipment may have different
needs depending on the tissues/cells subject to the
process.

In practice, the measurement result of each
piece of critical measuring equipment or system
should be traceable through a documented and un-
broken chain of calibrations back to the International
System of Units or to a recognised standard. The
uncertainty of measurement should be established
[9, 10] and quoted with subsequent results. Hence,
the critical measuring equipment or system is com-
pared against a standard; the standard is compared
against a higher standard; and the chain is docu-
mented through calibration certificates. If calibration
is carried out by a third party, a copy of the calibra-
tion certificate for the specific measuring equipment
or system used should be provided together with the
calibration report.

If the calibration result + the measurement
uncertainty falls outside the tolerance limits of the
measuring equipment or system, there should be
provisions for remedial action to re-establish con-
formity with these limits. These remedial activities
must be documented. If calibration activities provide
evidence that tissues or cells were processed and re-
leased for use when critical measurement equipment
was not measuring accurately, risk assessment should
be applied to decide on appropriate corrective or pre-
ventive actions regarding the fate of the tissues and
cells.

Verification or validation of analytical
tests

2.12.0.

The approach to verify or validate analytical
tests will depend on whether test systems and Kkits,
certified as compliant with the EU In vitro Diagnostic
Medical Device Regulation [8], are used or in-house

63

developed analytical tests. In all cases the validation
plan should take into account the variety of sample
types and analytes to be tested, as there may be sub-
stances present that interfere.

Verification studies should be done to demon-
strate that the performance of the IVD kit or test
system, as used in the establishment, meets the
expected specification. If using Pharmacopoeia
methods, e.g. for sterility testing, the methods
should be verified in accordance with the method
monograph. For quantitative assays, the acceptance
criteria should consider trueness (bias), precision, in-
terferences, linearity, limits of detection, stability and
verification of the reference values of the own popu-
lation. The uncertainty of measurement should be es-
tablished [9][10] and quoted with subsequent results.
For qualitative tests, then specificity and sensitivity
are the key criteria.

In-house developed analytical tests should be
validated. The acceptance criteria should consider
trueness (bias), precision, analytical sensitivity, ana-
lytical specificity, linearity, stability, diagnostic spec-
ificity, diagnostic sensitivity and verification of the
reference values of the own population.

2.12.10. Process validation

More specific guidance on approaches to
process validation is given in Chapter 9 of this Guide.
Some examples of validation are in Appendix 6 and
Appendix 7.

Quality review
Quality control

2.13.
2131,

‘Quality control’ refers to those activities, such
as verification steps, sampling and testing, which are
used to ensure that materials, processes and the final
product meet the required specifications.

Internal quality control in a testing laboratory
includes use of positive, weakly positive or negative
control samples as appropriate. External quality as-
sessment (sometimes called ‘proficiency testing’) in-
volves analysis of unknown samples and evaluation
of the results by a third party. Quality control of crit-
ical functions can be undertaken using audit tech-
niques that include a sampling plan.

Detailed guidance on microbiological testing is
provided in Chapter 11. Guidance on specific quality-
control tests for specific types of tissues and cells is
provided in Part B of this Guide.
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Self-assessment, internal audit and
external audit

213.2.

Auditing is an essential tool for ensuring com-
pliance with the quality system and for supporting
continuous quality improvement.

Internal audits should be scheduled and con-
ducted in an independent way by designated, trained
and competent persons. Internal audits are normally
carried out by the organisation’s quality assurance
personnel, or can be done by a mandated person from
outside (quality assurance personnel from another
TE) with the help of one internal person.

External audits are undertaken by independent
bodies (often designated as approved ISO certifying
bodies) and are required for certification and accred-
itation purposes. External audits provide an opportu-
nity for critical review by experts unfamiliar with the
systems in place locally. They can provide an excel-
lent opportunity for systems improvement.

All audits should be documented and recorded.
Clear procedures are required to ensure that the
agreed corrective and preventive actions are under-
taken appropriately. These actions and the evaluation
of their effectiveness should be recorded.

2133. Monitoring

To ensure appropriate performance of prem-
ises, systems or equipment, a monitoring plan must
be developed and implemented. The plan should take
into account the criticality of the premises, system
or equipment, and should outline monitoring, user
notification and mechanisms for problem resolution.
If an unusual event is observed, personnel should
follow the standard response described in the mon-
itoring plan. The standard response should involve
notifying affected personnel and, if possible, initia-
tion of a resolution response to the problem and risk
assessment of the affected tissues or cells. Depending
on the severity of the problem and the criticality of
the system or piece of equipment, a back-up plan may
need to be implemented to keep the process or system
operating.

2.14. Continuity planning

General quality-management responsibilities
include budgetary/fiscal oversight and contin-
gency planning to ensure that essential services for
patients are not interrupted. Each organisation in
the chain - from donation to distribution and bio-
vigilance of tissues and cells - must have a conti-
nuity plan in place that details how procurement
services, donated tissues and cells and all associated

documents will be maintained in the event that activ-
ities must temporarily be suspended or permanently
ceased. Usually this plan will include a mutual agree-
ment (a service-level agreement or contract) with
another organisation for the transfer of tissues or cells,
documentation and services in these circumstances.
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Chapter 3. Risk management

3.1.  Introduction

he procurement, testing, processing, storage
and distribution of tissues and cells should be
subjected to comprehensive risk assessment to allow
identification of those steps where most of the quali-
ty-system controls are required and where validation
of procedures is necessary. A ‘process flow’ diagram
listing all relevant steps, processes, reagents, tests and
equipment can form the basis for the risk assessment
exercise. Risk-mapping methodology is one of the
risk-management tools. This methodology offers a
visualised, comprehensive view of the likelihood and
impact of an organisation’s risks.

Risk assessment should include an estimation
of the severity of any identified hazard (potential
source of harm) and an estimation of the probability
that the hazard will result in harm. Probability should
be based on evidence and experience (e.g. events col-
lected in the framework of the QMS or biovigilance)
whenever possible.

Risk-mitigation strategies should be developed
to identify and manage risks to ensure the safety of
the tissues and cells, the donor and recipient, the
personnel and the process itself, as well as other
processes being undertaken in proximity to it. The
degree of control within the quality system should be
related to the degree of risk associated with each step
in the process.

Risk assessment should refer to current scien-
tific knowledge, should involve appropriate technical
expertise and should be related to the protection of
the patient and the donor. The level of effort, stand-
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ardisation and documentation of the risk-control
process should be aligned with the estimated risk
level.

A periodic review mechanism should be imple-
mented proportionally to the level of risk and con-
sidering new knowledge and potential inputs from
inspection, internal audits or unexpected events.
Risk assessment should be repeated and documented
whenever a critical process is changed as part of a
change-control process. Actions to mitigate any sig-
nificant new risks, including validation, should be
completed before any change is implemented.

Risk assessment is also an essential tool for
making important decisions and for tracing them,
particularly when deviations from standard proce-
dures or their standards and specifications are under
consideration. Examples include:

a. selection of a donor where full compliance with
the normal criteria has not been met, but where
the donation has a particular clinical value and
the potential risk can be mitigated sufficiently
to justify the deviation from standard proce-
dures;

b. exceptional release of non-complying tissues or
cells on the basis that the potential benefits for
the recipient and the lack of availability of al-
ternatives outweigh the potential risks;

c. retention or removal of tissues and cells in
storage that had been historically released ac-
cording to former criteria, when new, more
sensitive procedures or tests have been imple-
mented that imply an additional level of safety
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or quality and new, more stringent criteria for
release;

d. eligibility determination where certain test
results are reactive, for example, where EU Di-
rective 2006/17/EC Annex 2 requires further
investigations with a risk assessment when
antibody to hepatitis B core antigen (anti-HBc)
is positive and hepatitis B surface antigen
(HBsAg) is negative, or where a donor is reac-
tive for a Treponema-specific test (see Chapter 6
for further guidance on donor testing);

e. prioritisation of a list of corrective actions fol-
lowing an audit or inspection, or prioritisation
of quality improvements in general.

The approach to risk assessment should be
systematic and should be documented. The most
commonly applied risk-assessment methods are
Hazard analysis and critical control points (HACCP),
Failure mode and effects analysis (FMEA), Failure
mode, effects and criticality analysis (FMECA), risk
mapping and EuroGTP II tool.

3.2. Hazard analysis and critical

control points

ACCP was developed in the 1950s in the food

industry, but is now widely used for many man-
ufacturing processes, including biological control.
HACKCEP is also recognised by ISO 14644 as a formal
system for risk assessment. HACCP is a system that
requires that potential hazards are identified and
controlled at specific points in a process. HACCP has
seven principles:

1. Conduct a hazard analysis (HA).

Identify the critical control points (CCP).
Establish the critical limits.
Monitor CCP.
Establish corrective actions.

CAlE ol S

6. Verification.
7. Record keeping.

The World Health Organization published
a paper in 2003 providing more details on using
HACCP as a tool within a pharmaceutical environ-
ment, details which can be further adapted and inter-
preted for use within a tissue establishment [1].

The Quality Assurance Journal has also pub-
lished papers on the use of HACCP as a tool within
a QMS [2].

Failure mode, effects and
criticality analysis

MECA is an extension of Failure mode and effects

analysis (FMEA) that includes a factor for detect-
ability, taking into consideration those hazards that
are more easily detected and represent a lower overall
risk. FMECA allows the estimation of a risk priority
number (RPN) for the ranking of identified risks [3].
The estimated level of risk should take into account
the benefits, possible alternatives and costs associated
with reducing risk further. An organisation should
have a clear policy regarding risk acceptance (see
Figure 3.1).

Undertaking risk assessment at various stages
helps to define requirements and alternatives, aids
the process of supplier selection and helps to deter-
mine the scope and extent of validation. The meth-
odology has been used for tissue and cell banking for
specific process steps [4] and for reviews of an entire
process [5].

Risk assessment is not a once-only process but
a cyclical one (Figure 3.2). Risk assessment should be
followed by risk avoidance and reduction (if possible)
and continual re-evaluation of residual risk.

Guidance on quality risk management is pro-
vided in Part IIT Qg of the Rules governing medic-

3.3.

Figure 3.1. Failure mode, effects and criticality analysis (FMECA)
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Figure 3.2. Cycle of risk assessment
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inal products in the EU, Volume 4: EU Guidelines for
good manufacturing practice for medicinal products
for human and veterinary use [6], in which several
well-established risk-assessment methodologies are
listed. Inclusion of this new section in GMP guidance
reflects the current thinking that risk management
should be an integral part of quality management.

Root cause analysis

3.4.

Root cause analysis (RCA) is a tool used to under-
stand the true cause of why an adverse event has

occurred. Through an investigation of the adverse

event and getting to the root cause, RCA is able to

identify corrective and preventive actions (CAPA)

that will prevent any occurrence of the event in the

future.

RCA has five purposes:

Establish the facts and events that led to the

adverse event;

Identify what went well;

Determine what went wrong;

Establish the root cause of what went wrong;

Identify CAPA.

SISV SIS

When carrying out RCA there are five main

factors which need to be considered:

1. Plant — what was used, was it calibrated, was it
maintained etc?
People - who was involved, were they trained,
competent and capable?
Procedure - is there an SOP, was it followed, is
it correct, has it been validated?
Premises — location, department, environment
etc?
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5. Product — how many times has this occurred,
number of products affected, damage, defects?

When performing RCA, there are additional
tools that can be used, such as fishbone diagrams, 5
whys, flowcharts and timelines. Examples of these
have been included as Appendices 8, 9 and 10.

3.5. EuroGTP Il process

Background
Whenever a novel process is implemented, or
an existing process revised, it is incumbent on a
tissue establishment (TE) to assess the risk resulting
from this change. The Euro Good Tissue Practices
II (EuroGTP II) project was funded by the Euro-
pean Union to develop a process to enable TEs to do
this in a systematic and consistent manner [7]. The
project brought together TEs, Competent Authorities,
professional societies and independent experts, and
produced a number of key deliverables, including an
interactive assessment tool (IAT) to perform risk as-
sessment and a detailed guide for application of the
IAT. Both of these deliverables can be accessed online

(8].

3.51.

35.2.  Principles

There are three steps to the EuroGTP II meth-
odology (see Figure 3.3):

a. Identification of novelty

With any new process, or change to an existing
process, there is a likelihood that significant
changes, which could impact on the safety and/
or clinical efficacy of the product, will need to
be implemented. The first step of the process
requires that the user considers each step of the
supply chain, from donation to transplantation,
to determine if any such significant change has
been made. If any is identified, the user pro-
ceeds to step 2.

Identification and evaluation of specific risks

If significant change (such as a new process,
or significant change to an existing process)
is identified, the user must then determine
the specific risks and risk consequences that
the change raises, and the likelihood, severity,
detectability and evidence that can be used to
mitigate the risk, for each risk. Based on the
scores allocated, the IAT calculates an overall
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risk score for the change, ranging from negli-
gible to high.

c. Risk mitigation and extent of clinical evalua-

tion

Depending on the outcome of step 2, the user
may need to take steps to reduce the risk re-
sulting from the change. The EuroGTP II guide
provides guidance as to how this can be done,
listing in vitro and in vivo assays that can be
used to further investigate specific risks. The
Guide also suggests clinical follow-up method-
ologies that are appropriate to designing clin-
ical evaluations or registries for the products
in question, either to collate additional data
to inform the risk analysis or to implement
routine follow-up methods and registries fol-
lowing implementation of lower risk products.

3.5.3. Rationale

The EuroGTP II process provides a structured
and systematic methodology to enable TEs to iden-
tify, quantify and mitigate risks associated with in-
troducing novel procedures, and changes to existing
ones.

The online IAT can be used to document and
record the decisions made and rationales used in the
different stages of the risk-assessment process, and
the outcome can be printed and shown to Health
Authorities as evidence that an appropriate risk-
assessment process has been undertaken with respect
to novel and changed processes. Furthermore, it is a
continual process that can be repeated as and when
new data become available. A key requirement of the
process is that sufficient resource and expertise be
committed to the risk assessment to ensure an accu-
rate outcome. The process is already being applied in
a number of TEs [9, 10].

3.6. EDQM Microbiological Risk of
Contamination Assessment

tool
3.6.1. Background

The aseptic procurement and processing of
tissues and cells (TC) are some of the more diffi-
cult processes conducted by tissue establishments
(TEs) and entail some degree of risk. Failure in some
of these process steps may lead to microbiological
contamination and loss of TC, or may even pose a
potential health risk if the contamination is not de-
tected before implantation or use. Microbial safety
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cannot be assured only by finished-product testing
because the available microbiological test methods
are not always fully conclusive, with the possibility of
false negative results, and sometimes test results are
not yet available at the time of implantation or use.
In addition, the environmental monitoring that is
often performed during aseptic processing of TC can
hardly be considered as a quantitative measurement
of the level of cleanliness of the aseptic environment
because of the limitations of classic microbiological
air-sampling methods.

The EDQM Guide to the quality and safety of
tissues and cells for human application collates the
most up-to-date technical guidance to designing and
maintaining an aseptic procurement and processing.
Since the beginning of the 21st century it has been
recognised that a risk-based approach provides jus-
tification for choices made throughout the design
and implementation of processes, and it is becoming
evident that risk mitigation is a valuable component
of an effective quality management system.

Numerous risk analysis methods, such as Fault
tree analysis (FTA), Failure mode effect analysis
(FMEA), Hazard analysis and critical control points
(HACCP) or Failure mode effect and criticality anal-
ysis (FMECA), have been proven successful in a
variety of applications.

However, none of these methods was specifically
developed for aseptic procurement and processing
of TC, which rely on a large number of variables:
cleanliness of the local infrastructure, garment, TC
type, number and competence of personnel, degree
of qualification of infrastructure, equipment and ma-
terials used, procurement and processing methods,
decontamination processes, environmental moni-
toring processes and local expertise, among others.
Therefore, experts from the EDQM have developed
a methodology specifically to assess aseptic risks in
procurement and processing of tissues and cells.

3.6.2. Approach

The EDQM Microbiological Risk of Contami-
nation Assessment tool for tissues and cells (MiRCA)
[11] has been developed to:

a. identify potential risks in novel, existing or
modified aseptic processes;

b. alert management to the degree of risk of intro-
ducing microbiological contamination during
the procurement or processing of TC;

c. support management decisions to mitigate
risks in aseptic processes.

The objective of MiRCA is to prevent the loss
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Figure 3.3. Overview of the EuroGTP Il process: assessing tissue and cellular therapies/products (TCTPs)
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of TC due to microbial contamination during aseptic
procurement and processing and to reduce the risk
of infection being transmitted to recipients. MiRCA
starts from the assumption that the primary source
of microbial contamination during aseptic pro-
cessing is human, more specifically personnel and
patients. This assumption is based on the knowledge
that a gowned operator may release continuously as
many as 10 000 colony-forming units per hour [12, 13].

However, MiRCA has developed a much
broader approach focusing on all sources of contam-
ination affecting the deposition of micro-organisms
during aseptic processing. In many aseptic processes,
operators are using inanimate objects, such as equip-
ment, materials and reagents, that could disperse their
load of microbial contamination to the environment
or directly to TC. Also, the training of personnel and
the qualification and monitoring of environments
and equipment has an impact on the deposition of
micro-organisms. Special interest is also given to
the presence and effectiveness of decontamination
processes, quality control and monitoring processes.
The implementation or non-implementation of these
processes is included in MiRCA and each process is
assessed as an individual risk factor.

MiRCA identified in total 55 individual risk
factors: 22 individual risk factors that affect the dep-
osition of micro-organisms during aseptic procure-
ment of TC and 33 individual risk factors that affect
the deposition of micro-organisms during aseptic
processing and distribution of TC. Among interna-
tional standards and guidelines there is broad con-
sensus that risk has two dimensions: probability of
occurrence and impact of occurrence on the objec-
tive. Normally the duration of occurrence is part of
the probability of occurrence. In our approach it was
not always possible to incorporate the duration of the
exposure into the probability of the occurrence. For
that reason, a third dimension was created: temporal
distribution.

The semi-quantification of risk, expressed as
an individual risk value (IRV), is calculated by mul-
tiplying the probability of occurrence (P), the impact
of occurrence on the objective (I) and the temporal
distribution (T) of each risk factor:

IRV=PxIxT

3.6.2.1.  Probability of occurrence

The probability of occurrence (P) estimates
how likely is the deposition of micro-organisms to
occur due to individual risk factors. The probability
spectrum is expressed on a scale of o to 5.

o = negligible or not applicable

1 = very low
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2 =low
3 = moderate
4 = high
5 = very high

For example, for the risk factor “air filtration
system of the procurement environment”

o. Not applicable or closed system. The probabil-
ity of deposition of micro-organisms is negli-
gible.

1. Temperature controlled HEPA-filtered air
flow. The probability of deposition of micro-
organisms is very low due to this air filtration
technology.

2. Vertical or horizontal laminar HEPA-filtered
air flow. The probability of deposition of micro-
organisms is low due to this air filtration tech-
nology.

3. Turbulent mixed HEPA-filtered air flow. The
probability of deposition of micro-organisms
is moderate due to this air filtration technology.

4. Turbulent mixed non-HEPA-filtered air
flow. The probability of deposition of micro-
organisms is high due to this air filtration tech-
nology.

5. No ventilation. The probability of deposition of
micro-organisms is very high because there is
no air filtration technology available.

3.6.2.2. Impact of occurrence on the objective
The objective of MiRCA is to prevent the loss
of TC due to microbial contamination during aseptic
procurement and processing. But not every risk
factor has the same impact on the loss of TC due to
microbial contamination. In order to classify the risk
factors according to their impact (I), MiRCA applies
an impact factor of 1 to 5, based on the assumption
that the main mechanism for microbial dispersion
during aseptic processing is airborne deposition:
1 = The risk factor indirectly affects the deposi-
tion of micro-organisms in the background of
the environment that TC are exposed to. For
example, periodical qualification of the back-
ground at rest has no direct influence on the
deposition of micro-organisms in the back-
ground, but it tells us whether the microbio-
logical load of the background is within the
specifications.
2 = The risk factor directly affects the deposi-
tion of micro-organisms in the background of
the environment that TC are exposed to. For
example, the number of personnel present in
the background of the processing environment
has a direct influence because these operators
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continuously release micro-organisms in the
background of the environment that TC are
exposed to.

3 = The risk factor indirectly affects the depo-
sition of micro-organisms in the environment
that TC are exposed to. For example, the fre-
quency of sanitisation of the procurement en-
vironment affects the microbiological load of
furniture, equipment, floors and walls, which
has in turn an impact on the microbiological
load of the procurement environment that TC
are exposed to.

4 =Therisk factor directly affects the deposition
of micro-organisms in the environment that
TC are exposed to. For example, the number of
personnel present during procurement because
they continuously release micro-organisms
into the procurement environment that TC are
exposed to.

5 = The risk factor directly affects the depo-
sition of micro-organisms to TC, for example,
reagents used for the storage of TC. Non-sterile
reagents directly contaminate TC.

3.6.2.3. Temporal distribution
The temporal distribution (T) of risk factors
that have an impact on the airborne deposition of
microbial contamination is estimated by the time
during which the TC are exposed to their direct envi-
ronment, expressed in hours - for example, the time
that an open container containing TC is exposed to
the process environment, or the time that musculo-
skeletal tissues are exposed to the air of the pro-
curement environment during procurement. Other
risk factors, mostly intervention-dependent, are as-
sessed as present/applicable or not present/not ap-
plicable - for example, the use of reagents, personnel
competence.
At the end, all IRVs are added up to calculate
a final risk score for the procurement of TC. The
outcome of the procurement of TC is added as an
individual risk factor in the assessment of the pro-
cessing and distribution of TC. The outcome of the
global process is calculated as the sum of all indi-
vidual risk values of processing, multiplied by the
individual risk value of the terminal sterilisation or
decontamination method, expressed as a percentage,
with the sterility assurance level (SAL) shown in
brackets.
o Validated sterilisation process (SAL <10°°), e.g.
gamma irradiation
« Any validated method that achieves (SAL <107°
or <10 %), for example a chemical treatment.
o Any validated method that achieves (SAL

72

<107?%), for example a validated antibiotic cock-
tail at 22 to 37 °C.
o Any validation method that achieves (SAL
<10? and <107?) for example, a validated anti-
biotic cocktail at 2 to 8 °C
No decontamination or not validated decon-
tamination method

3.6.3. Interpretation of outcomes

The final risk scores, expressed as a percentage
of the maximal achievable risk score, are then trans-
lated to a risk profile by an exponential algorithm,
which is proportional to the overall risk of intro-
ducing microbial contamination during procurement
or processing and distribution of TC:

0-3.12 % Extremely rare
3.13-6.24 % Rare

6.25-12.4 % Unlikely
12.5-24.99 %  Possible
25.00-49.99 % Likely

50.00-100 %  Almost certain

MiRCA provides a structured and systematic
methodology to enable TEs to identify, quantify and
mitigate aseptic risks of established and novel aseptic
processes. Furthermore, it is a continual process,
which can be repeated in preparation of management
decisions, or as a step within the CAPA process or
the change-control process. The aseptic risk outcome
can be used during the EuroGTP II exercise when
assessing the probability of a specific aseptic risk
consequence.

MiRCA can help TEs to define the minimal re-
quirement of their procurement and processing facil-
ities with respect to all applicable aseptic risk factors
and any subsequent decontamination step taken after
procurement or processing (see also Chapter 7 and
Chapter 9). MiRCA cannot be used as proof of devia-
tion from the minimal air quality requirements set by
the directive and/or national laws.

The online tool [11] can be used to document
and record the decisions made and rationales used
in different stages of the risk-assessment process,
and the outcome can be printed and shown to
Health Authorities as evidence that an appropriate
risk-assessment process has been undertaken with
respect to novel and changed aseptic processes.

A key requirement of the process is that suffi-
cient resource and expertise be committed to the risk
assessment to ensure an accurate outcome.
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Chapter 4. Recruitment of potential donors, identification

and consent

4.1. Introduction

Human tissues and cells may be used for trans-
plantation therapy or for medically assisted re-
production (MAR). They can be obtained from living
or deceased donors, as long as the retrieval procedure
does not endanger the life or health of a living donor
or compromise the respect due to a deceased person.
Transplantation of tissues and cells ranges from life-
saving treatments (e.g. serious burns victims, general
sepsis due to prosthesis infection, haematological ma-
lignancies) to quality-of-life improvements (improve-
ment of vision or restoration of joint movement). The
donation of donated gametes and embryos may help
tulfil a person’s wish to have children. Human tissues
and cells are also starting material for advanced
therapy medicinal products (ATMPs).

In order to ensure availability of tissues and
cells, and the safety and success of any transplan-
tation or human application programme, potential
living and deceased donors need to be identified and
recruited for potential tissue donation. In all cases,
screening must be performed to ensure the safety
of the tissues and cells donated, to exclude any con-
traindications to donation and, in the case of a living
donor, to exclude any medical situation that could
potentially harm the donor themselves.

Donation programmes should at least include
[1]:

a. adequate public-awareness strategies, pro-
moting organ donation and tissue and cell do-
nation;

b. effective systems to facilitate the recruitment of
living donors in an ethical manner, ensuring
their safety and well-being, and the identifica-
tion and referral of potential deceased tissue
donors to the appropriate organisation/tissue
establishment (e.g. routine medical chart
reviews in every case of in-hospital death);

c. adequate training of professionals involved in
the recruitment, identification and referral of
potential donors.

Once potential donors are recruited, or iden-
tified and referred, informed consent is an essential
requirement before donation can take place. Consent
is obtained from the donors themselves in the case
of living donors or from their legal representatives
if the donor is juvenile or incapable. In the case of
deceased donors, consent is obtained either from the
donor before death (e.g. donor registries, donor card,
advanced directives) or from their relatives; see Ap-
pendix 11 and following. The way in which consent
is obtained depends on the type of donor, the spe-
cific circumstances and the specific legal system for
consent in each particular country. Although the
term ‘consent’ will be used throughout this chapter,
the Guide recognises that in some countries the term
‘authorisation’ rather than ‘consent’ is used to enable
lawful recovery of tissues and cells.

This chapter describes the process, require-
ments and key elements at the beginning of the do-
nation pathway for both living and deceased donors.
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4.2. Living donors

ome tissues and cells can only be obtained from
living donors. This is true for haematopoietic
progenitor cells (HPC); for oocytes, spermatozoa,
ovarian or testicular tissue and embryos, used in

MAR procedures; and for mesenchymal stromal cells
and some somatic cells, such as keratinocytes and
chondrocytes.

Some tissues can be collected as surgical resi-
dues (e.g. umbilical cord blood and placenta following
child birth, femoral heads removed during surgery
to replace a hip joint, heart valves from patients re-
ceiving a heart transplant). Depending on how the
tissues or cells will be used, their clinical application
can be described as:

a. autologous: when the tissues or cells procured
from a patient are used for the patient’s own
treatment (e.g. skull bone obtained from a de-
compression craniotomy, ovarian tissue as part
of specific programmes to preserve fertility in
oncological female patients, HPCs in therapies
for haematological malignancies); or

b. allogeneic: when the tissues or cells donated

by one person are used for the treatment of
another person. In this case, the material can
be donated for:

.an intended recipient, who can be related or
unrelated to the donor (e.g. HPC) - a directed
donation; or

.a recipient who is unrelated to the donor (e.g.
amnion/bone).

—

—

i

In the case of MAR, depending on the origin of
the gametes and embryos, the donation can be clas-
sified as:

i. partner donation (donation between a couple
who declare that they have an intimate physical
relationship);

ii. non-partner donation (donation of reproduc-
tive cells between individuals who do not have
an intimate physical relationship; also called
‘third-party donation’)

The selection of a living donor must be based
on a risk-benefit analysis for both the donor and the
recipient. In the case of surgical residues, there is no
risk to the donor derived from the donation itself.

In some instances, donation may occur years
after the initial selection and registration (e.g. in
HPC donation, when potential donors are included
in a registry and the donation only takes place if a
matching recipient needs it).
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4.21. Donor recruitment

Donor recruitment is a continuous process. It
begins with increasing the awareness of the general
public, by education at local and national levels about
the benefits of the clinical applications for different
tissues and cells. Recruitment drives should focus on
altruism, solidarity and social engagement, based on
the principles of voluntary unpaid donation.

Success stories describing donor and patients’
experiences and testimonials of family members may
drive people to consider whether tissue or cells do-
nation is right for them. Public campaigns should
aim to diversify and increase the pool of available
donors, increase the number of donations in general
and augment registration in living donor registries.
Publicising and/or advertising the need of donated
tissues or cells for a given patient should be discour-
aged (and in some countries such activities are for-
bidden/regulated by law).

The most common instances of donation from
living donors where donor recruitment plays an es-
sential role are the donation of HPC and of gametes
and embryos for MAR procedures.

Recruitment of haematopoietic progenitor

cell donors
Donation of HPC must be voluntary and
unpaid, and informed consent must be obtained in
the preliminary steps. Successful HPC transplanta-
tion depends on matching the donor and recipient
for human leukocyte antigens (HLA). If a patient
needs an HPC transplant, their siblings and close rel-
atives should be screened to determine if their HLA
types are compatible. If the donor is under the age
of legal consent, specific consideration is needed (see
Chapter 24).

For patients without a matching family donor,
there is a possibility that an HLA-compatible volun-
tary donor can be found. Therefore, it is of crucial
importance that volunteer donors are recruited and
registered on donor registries around the world, par-
ticularly from diverse ethnic communities. Donor
registries and cord blood banks are linked interna-
tionally, in a global database operated by the World
Marrow Donor Association (WMDA), using tissue-
typing to establish rapid identification of potential
donors.

When a person volunteers to be an HPC donor,
an initial evaluation is performed. Suitable donors are
HLA-typed and their details are placed on a donor
registry. Potential donors are requested to inform the
registry in case of any change to their health status
that could contraindicate donation or the possible
use of the cells.

4.2.1.1.
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Potential HPC donors will only be contacted
if they are identified as the best possible match for a
patient. In this case they will be requested to attend
a donation centre for a full explanation of the pro-
cedures by the clinical staff and a thorough medical
examination with blood tests to detect any medical
and/or infectious contraindication to donation.
Further information on donor registries and recruit-
ment of HPC donors can be found in Chapter 5 and
Chapter 24.

4.21.2.  Recruitment of cord blood donors

Umbilical cord blood (UCB) donor recruitment
usually starts during pregnancy, but it may also occur
as late as at admission into the maternity unit, pro-
vided the mother is fit to provide an informed consent.
The UCB donation can be made available for public or
private uses. Public banks provide UCB units stored
for unrelated transplantation, in order to increase
access to UCBs through worldwide donor registries,
whereas in private banks, which are usually for-profit
organisations, the donor keeps ownership of the
product. These organisations offer the processing and
storage services for future potential medical applica-
tions for donors and their family. Information leaflets
or brochures about UCB banking are an important
part of the recruitment plan, and any claims made in
recruitment materials must be supported by scientific
evidence [2] (see Chapter 25).

Recruitment of donors in medically assisted
reproduction

With the development of MAR and changes in
lifestyles, a growing demand for gamete and embryo
donors has emerged. These developments in most
countries also reflect changing social values and
government financial support. This growth has not
always been accompanied by similarly swift develop-
ment of laws and regulations in the field. Gradually,
countries have set legal provisions and/or guidelines
based on their own historical, cultural, religious and
social traditions and their political and economic sit-
uations [3]. Consequently, there are wide variations
in the techniques available and permitted by law in
each country, and the types of reproductive cell that
can be donated. Whatever the situation, national laws
must be respected and donors recruited accordingly.

As mentioned previously, gamete and embryo
donation can be classified as partner or non-partner
donation, depending on the link with the donor. This
chapter will focus on the recruitment of non-partner
donors.

The practice of gamete and embryo donation is
complex, and multiple ethical rules, legal restrictions,

4.2.1.3.
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medical facts and social and psychological conse-
quences intermingle. Things are further complicated
by such factors as:

a. the reasons why a person donates;

b. what kind of reproductive cells are donated
(donation of oocytes or sperm or embryos
commits the donor to a different investment in
the medical interventions required and the risk
of harm);

c. thelevel of anonymity, whether a known donor,
identifiable or anonymous;

d. the level/type of compensation schemes for
donors;

e. how often a donor can donate and how many

offspring may be derived from a single donor.

The scarcity of donor gametes has stimulated
discussion about acceptable systems of recruitment,
especially since it has become evident that different
clinics and countries are using different approaches
to recruit donors, with various modes of compensa-
tion for donors (e.g. compensation of proven expenses,
compensation through lump sums, oocyte-sharing
schemes). However, it is essential to emphasise that
the donation of reproductive material should strictly
follow the same principles of being voluntary and
unpaid as for other donations of tissues or cells. Extra
care is required since any type of reward, benefit or
incentive may be a threat to voluntariness and com-
promise the degree of confidence that can be placed
in the donation process (see Chapter 29).

The donor-recruitment activity, whether per-
formed by a public health system or by private clinics
(where allowed by national legislation), must be au-
thorised by the Health Authority.

As with any living donors, it is essential that
gamete donors are entered into registries, not as a
database of potential donors, such as for HPC, but
to guarantee traceability and transparency of prac-
tice (see Chapter16). In addition, registries allow
adequate follow-up of the donors, including the col-
lection of data on serious adverse events or adverse
reactions in donors, in recipients and in the resulting
offspring (see Chapter 17).

Further information on recruitment of gamete
and embryo donors can be found in Chapter 29.

4.2.2.  Consent for living donation

The donation process differs depending on
whether a person donates tissues and cells for the
benefit of others, and accepts risks and inconven-
ience that they would not otherwise face, or donates
while undergoing a medical intervention for their
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own benefit. Donation implies an altruistic act and,
to some extent, a trade-off between individual well-
being and societal utility. As a consequence, there is
potential for the abuse and exploitation of individual
donors. Obtaining individual consent, in any situa-
tion of donation, either collection of surgical residues
or tissues and cells procurement, is crucial to assure
that donation process conforms to professional
ethical standards and the individual’s own goals and
values.

Donation of tissues or cells must only be
carried out after the person concerned has given free,
informed and specific consent, either in written form
or orally by a trained professional.

Consent should be recorded and/or docu-
mented in the donor/patient’s record. Informed
consent must be discussed with the donor or their
legal representative in a language and with terms
that they can understand. If translation is needed,
it is recommended that neither family nor friends
serve as interpreters or translators. The record should
mention that the prospective donor has understood

- and, where appropriate, their legal representatives
or their relatives have understood - the information
given, had the opportunity to ask questions, received
satisfactory answers and confirmed their position on
donation. Some examples of forms to obtain consent
for MAR may be found in Appendix 11, Appendix 12
and Appendix 13.

Recruitment of persons not able to consent
(e.g. donors who are too young or who are mentally
incapacitated) must never be done through public
registries. In addition, in some countries, specific
regulations restrict donation in these circumstances
(e.g. some countries do not allow procurement of pe-
ripheral blood progenitor cells from the very young
and/or administration of growth factors to donors).

In accordance with Article 14 of the Additional
Protocol to the Oviedo Convention, no tissue or cell
procurement may be carried out on a person who
does not have the capacity to consent. Exceptionally,
and under the protective conditions prescribed by
law, the removal of HPC for allogeneic transplanta-
tion from a person who does not have the capacity
to consent may be authorised provided the following
conditions are met:

a. there is no compatible donor available who has
the capacity to consent;

the recipient is a brother or sister of the donor;

the donation has the potential to be life-saving

for the recipient;
d. the authorisation of their representative or an
authority or a person or body provided for by
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law has been given specifically and in writing
and with the approval of the competent body;
e. the potential donor concerned does not object.

Potential donors must beforehand be given ap-
propriate information as to the type(s) of tissues or
cells to be procured, the purpose and nature of the
intervention, its consequences, possible side-effects
and risks, whether the tissues or cells will be pro-
cessed and stored, and the purpose or use to which
the tissues or cells will be put. All relevant informa-
tion should be given because consent must be spe-
cific and cannot be assumed for uses of tissues or
cells about which the donor has not been informed.
Donors must be given all the information needed to
ensure that they understand all potential purposes
and benefits for the recipient before they give consent.
Full understanding of the consent is particularly im-
portant when practices may be controversial or sen-
sitive. Similarly, some donors may not wish to donate
tissues or cells to a commercial organisation where,
for example, their donated tissues or cells may be
used as starting material for developing therapies in
a commercial setting.

Potential donors should have an advocate, who
must not be involved in the treatment of the recip-
ient. Their main role is to look after the interests of
the donor, ensuring at all times that the donor’s safety
and the consent processes are appropriately handled.
Information about potential risks for the donor, and
risks and benefits for the recipient, must be clearly
understood before consent is given. Where relevant,
the donor must also be informed that the results of
the qualification of tissues and cells for transplanta-
tion and the transplant itself are uncertain because
they depend on many factors, including the recipi-
ent’s condition. Where relevant the donor should also
be provided with information about psychological
support in case the transplant does not lead to sur-
vival or cure of the recipient.

The scope and duration of the consent should
be stated explicitly. When the tissues and cells are
to be stored, the consent should include informa-
tion about the storage time and the policy once the
period has expired. The interview for consent should
be conducted in a suitable environment. The inter-
viewer should have received specific training for this
purpose to be able to consider the donor’s needs and
to answer questions about donation, risks and trans-
plantation processes.

Potential donors, or their legal representatives,
or their relatives, should be informed of the tests
that will be performed to evaluate the possible ex-
istence of any transmissible diseases that would be
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a risk to the recipient, and of the action to be taken
in the case of a positive result. In such a case they
should be informed and receive adequate counselling.
All results of the medical evaluation should be kept
available to the donor. If a potential donor is found
to be unsuitable, the reasons and the results of the
medical assessment should be discussed with them
and advice should be given on recommended actions
regarding their health. If the findings do not exclude
the potential donor but may have implications for the
recipient (e.g. an HPC potential donor carrier of a
haemoglobinopathy), the transplant centre must also
be informed.

In the case of HPC donors, consent must be
obtained at several stages: before HLA typing, before
donor testing and before the conditioning regimen on
the recipient has begun. The interview must include
information about donation procedures, their risks
and side-effects, the procurement method and the
need to administer growth factors when peripheral
HPC is being procured. In the case of cord blood do-
nation, consent is usually obtained months before the
delivery and should at least be obtained before the
mother goes into labour to avoid interfering during
the delivery.

Documentation must be made available to the
cell or tissue establishments that receive the procured
material for processing and storage to confirm that
detailed consent has been duly given (see Chapter 2).

Donors must be informed that they may with-
draw consent at any time. In the case of HPC donors,
they have to be informed of the possible consequences
for the recipient if they withdraw their consent once
the conditioning regimen on the recipient has already
begun. Ultimately, this situation cannot be used to
coerce the donor and their final decision must be re-
spected. In that case every effort needs to be made
to find alternative donors e.g. haplo-identical related
donors or HPC donation should take place and cells
cryopreserved prior to conditioning of the patient.

In the case of autologous donation, the patient
must be informed about options and the balance of
risks and benefits of the procedure. The consent must
specify what would happen if the clinical application
could not be performed for any reason (e.g. contam-
ination of the transplant or if the patient’s condition
contraindicated application). In such instances, the
consent should indicate whether the tissues or cells
could be used for the treatment of others or for re-
search, or must be disposed of.

Consent should be obtained from the patient
before procurement. In some circumstances, this is
not possible (e.g. emergency craniotomies) and the
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decision to procure and, if necessary, to process the
tissues or cells should be taken by the medical team.

In the case of planned surgical procedures
where it may be possible to donate surgical tissues,
consent should be obtained before procurement. As
is the case for all tissue or cell donors, the donor
should be informed beforehand about tests to deter-
mine the suitability of the transplant, and consent
should include information about the processing,
storage and intended use of the donated material. The
consent must also specify the fates of tissues or cells
if their clinical application cannot be performed for
any reason.

Donors, or their legal representatives, or their
relatives, should be aware of the importance to recip-
ient safety of providing the medical staft with infor-
mation about any medical condition of the donor that
may occur after donation.

They should be informed about, and give
consent for, the use of personal identifiable data in
computerised data processing.

Deceased donors

4.3.

Tissues donated by a single donor can be used to
treat as many as 100 recipients. Tissues donated

by deceased donors typically include the following

tissue types:

a. musculoskeletal: bones, tendons, ligaments
of the upper and lower extremities, menisci,
fascia, cartilage;

b. cardiovascular: heart valves, blood vessels, per-
icardium;

c. skin: split thickness and full thickness (epi-
dermis and dermis);

d. ocular: corneas, sclera;

e. specific cell types from certain tissues (e.g.

limbal stem cells) or from certain organs (pan-
creatic islets, hepatocytes).

In order to guarantee the success of any do-
nation programme from deceased tissue donors it is
essential that hospitals (and other centres where po-
tential tissue donors may be found) have a system to

a. identify potential donors, to
b. check consent, shown by
i. the presence of donor’s consent or
ii. the lack of donor’s objection expressed by
donor before their death or
iii. consent obtained from family members or rel-
atives of the potential donor, and
refer donors to the appropriate procurement
organisations and tissue establishments.

C.
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Communication with  bereaved family
members or relatives will require clear and sensitive
procedures or protocols, with consent obtained by
appropriately trained specialists (see Appendix 14).

Identification and referral of deceased
tissue donors

4.3.1.

Tissue donation depends on commitment and
the development of strong working relationships
between tissue establishments, procurement organ-
isations and hospitals and other centres where po-
tential tissue donors may be found, such as medical
examiners’ offices, mortuaries, coroners’ offices, fo-
rensic institutes, funeral homes, emergency medical
services, and nursing or retirement homes [7].

It is recommended that any potential donors
considered for organ donation are also referred for
potential tissue donation [8]. Furthermore, it is rec-
ommended that all deaths (typically hospital but
also community deaths) should be routinely referred
to a donor co-ordinator, procurement organisation
or tissue establishment, regardless of the age of the
patient or the cause of death. Routine referral of all
potential donors with no known medical contrain-
dication gives every individual the opportunity to
donate and allows for the standardisation of donor-
selection criteria.

Similarly to the WHO Critical Pathway for de-
ceased donation [9], which was conceived as a useful
clinical tool applicable in every country, region or
hospital for assessing the potential of deceased organ
donation, evaluating performance in the deceased
donation process and identifying areas for improve-
ment, a Clinical Pathway for deceased tissue dona-
tion has been designed by the CD-P-TO with the
same goal [10]. The particular value of this tool is that
creates uniformity in the description and assessment
of the deceased donation process, and defines types
of donor based on the different phases of the dona-
tion process: possible, potential, elegible, actual and
utilised tissue donors (see Figure 4.1).

In every deceased donation programme, it is
essential to identify all of the parties who may be
involved, in order to co-ordinate and facilitate the
process and maximise the opportunities for suc-
cessful procurement. The key parties are summarised
in Table 4.1.

Before procurement, checking the donor’s
identity is an essential prerequisite.

A proper investigation needs to gather as
much information as possible about the donor, using
medical records, interviews with medical staff who
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treated the donor (attending physician, general prac-
titioner, nurse) and relevant information provided by
the donor’s relatives or legal representatives, family
physician or other persons who have information
about the donor’s behavioural and medical history.
The donor’s medical suitability is assessed in accord-
ance with the selection criteria, and after the evalu-
ation of risk factors such as sexual behaviour, travel
and exposure to sources of infection. A post mortem
examination may also provide useful information.
These criteria may vary, depending on the type of
tissue to be procured for human application (see
Chapter 5 for general criteria and Part B for tissue-
specific criteria).

In the event that a health facility does not
have the means to manage a potential tissue donor
or is not licensed/authorised for tissue procurement
by their Health Authority, arrangements should be
made, where possible, for transfer of the potential
donor to a suitable hospital or procurement centre.

4.3.2. Consent for deceased donation

Before procurement of tissues from a deceased
person can take place, consent to donation must be
obtained and recorded in order to ensure that their
wishes are fulfilled. In some cases, the deceased
person may have expressed their wishes while alive
through a donor registry, donor card or advanced
directive. In other cases, it is members of the family
of the deceased person who decide whether donation
was in accordance with the person’s wishes, values
and beliefs, or whether the deceased had expressed
an objection to donation during their lifetime, and
who give consent accordingly.

It is important to emphasise that consent needs
to be specific. Therefore, donors’ relatives or legal
representatives must be given all the information
needed to ensure that they understand all potential
uses, including processing and storage, before they
give consent. The specificity of consent is particularly
important when the donated tissues and cells may
not be used for transplantation/human application.
Tissues and cells may be donated specifically for other
purposes, or be used for other purposes should they
prove unsuitable for transplantation/human applica-
tion. These alternative uses may include (for example)
use for teaching and training, validation and devel-
opment, research or the development/preparation of
commercial products. Specific consent must be ob-
tained for any potential use (see Chapter 1). Consent
needs to be given also for the final fate of the donation
if the tissue/cells cannot be used for clinical purposes.
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Figure 4.1. CD-P-TO Critical Pathway for deceased tissue donation [10]

Non-modifiable causes

of tissue donation loss

1. Absolute contraindications*
» Unknown cause of deatht
- Haematological malignancies
« Neurological disease of prionic
or unknown cause

- Infection by HIV, HBV, HCV or
HTLV I-l documented or
suspected (presence of risk
factors)

» Non-compliance with the age or
weight limits for tissue donation
(where such restrictions apply)

2. Medical unsuitability as
established by actual:

- Serological/microbiological
status

« Clinical status

« Physical examination (where
such restrictions apply

3. Exclusion criteria for specific
tissue donation

4. Donor/tissue non-viability

- Serological/microbiological
status

« Post-donation clinical
information

- Insufficient tissue quality
(anatomical/histological
abnormalities)

.

* See European Guidelines.

Possible tissue donor

Person who has died (with death
determined by neurological or circulatory
criteria) or who is in a situation of imminent

death

Potential tissue donor

A possible deceased donor with no
apparent absolute contraindication (see 1,
left) for tissue donation and whose body
has been preserved according to
requirements for tissue procurement

< >

< >

>
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Eligible tissue donor

A potential consented tissue donor who is
medically suitable (see 2, left) and meets
specific criteria (see 3, left) for the donation

of at least one type of tissue )

>

N\

Actual tissue donor

An eligible tissue donor from whom at least
one tissue was recovered with the primary

intention of clinical application )

Utilised tissue donor
An actual tissue donor from whom at least
one, or part of one, tissue is ready to be
released for its clinical application

1 Unless an autopsy is performed to clarify the cause of death after tissue procurement.
¥ Including feasibility to perform validated serological/microbiological blood testing. See corresponding non-modifiable causes of tissue loss.
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Modifiable causes

of tissue donation loss

A. Inappropriate preservation
of the body

B. Failure to identify/refer to
the donor co-ordinator or
procurement organisation

C. Inability to
perform/complete donor
evaluationt

D. Patient/family/coroner
refusal to tissue donation

E. Lack of clinical needs
for that tissue

F. Logistical or organisational
problems

G. Procurement, preservation
or processing problems
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Table 4.1. Key parties in deceased tissue-donation programmes and the challenges and opportunities they may pose

Opportunities

Weaknesses/Obstacles

Public

Donor
family

Hospital
staff

Transplant
co-
ordinator

Coroner

Funeral
homes

Retirement
homes,
nursing
homes and
hospices

Learn about donation and the benefit of transplan-
tation to recipients

Promote solidarity and altruism

Express wishes to family and friends in relation to
donation

Increase awareness of tissue donation at every
opportunity - media, schools etc.

Honour the wishes of the loved one

Make some sense out of the death of a loved one
Find comfort in knowing that donated tissues of
the loved one helped save or improve lives [4]
Gain some control after the death of a loved one
Know that a part of the family member ‘lives on’
Recognition and gratitude from society and recip-
ients

Support wishes of the donor and their family
Increase availability of tissues for patients in need
Contribute to public awareness of donation and
transplantation

Take part in the chain of donation, contribute to
saving lives

Support wishes of donor and their family

Maximise donation opportunities - tissue donation
may benefit as many as 100 patients per donor
Increase availability of tissue for patients in need
Contribute to public and professional awareness of
donation and transplantation

Mutually beneficial for coroner and procurement
team/tissue establishment, who may share find-
ings, tissue/blood samples and test results to help
investigations

Support wishes of the donor and their family
Increase availability of tissues for patients in need

Extend support to bereaved families

Raise awareness by including donation information
in funeral homes and obituaries

Allow procurement of certain tissues to occur in
funeral homes

Contribute to the conditioning of the body
Increase availability of tissues for patients in need

Support wishes of the donor and their family

Raise awareness by including donation information
Allow procurement of certain tissues to occur on
their premises

Increase availability of tissues for patients in need

Lack of knowledge about donation and tissue
needs

Unwillingness to face death

Fear that an expressed desire to become a donor
may interfere with medical care

Lack of trust in the fairness of the donation and
transplantation system

Grief

Lack of understanding or knowledge about dona-
tion

Fear of disfigurement

Not knowing the wishes of the loved one

Lack of trust in the medical profession or fairness of
the donation system

Discomfort or lack of knowledge about donation
(5]

Lack of trust in the donation and transplantation
system

Not acknowledging the value of tissues
Increased workload

Lack of acknowledgement from those involved in
procurement

Lack of resources

Concern that tissue consent will have an impact on
consent for some organ donation [5, 6]

Lack of knowledge about tissue donation and its
benefits

Increased workload

Lack of knowledge about donation
Concern over potential impact on death investiga-
tion

Lack of knowledge about donation

Fear of difficulty in preparing body for funeral
services

Increased time and costs

Delay in funeral services

Lack of knowledge about donation

Lack of trust in the medical profession and in the
donation and transplantation system

Many of the residents may be affected with condi-
tions that contraindicate donation

Legal consent systems
Consent for the donation of organs and tissues
from deceased donors is subject to national legisla-
tion and regulation in each country.

There are two legal consent systems for ex-
pressing consent to donation. Opting-in is a system
in which consent to donation has to be obtained ex-
plicitly from the donor during their lifetime or from
an authorised individual (usually the next of kin).
Opting-out is a system in which consent to donation
is presumed, no objection to donation has been reg-
istered by an individual during their lifetime or is
known to have existed, or consent is inferred by the
donor’s family who could testify to the donor’s posi-

4.3.2.1.
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tion. In practice, variations exist within both systems,
and the relatives may play a prominent role in the
decision.

According to opt-in legislation, consent for
removal of tissue from deceased donors must be
given by the person when they were alive or, after
their death, by their legally authorised representa-
tive or a ‘person in a qualifying relationship to the
deceased’. A hierarchy of qualifying relationships
may exist (e.g., ranked from highest to lowest: spouse
or partner, parent or child, brother or sister, grand-
parent or grandchild, niece or nephew, etc.) and
consent should be obtained, where possible, from the
person ranked highest in the hierarchy.
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The opt-out system was introduced to help
meet the shortfall in organs and tissues available
for transplantation. However, in most programmes,
if the family is against the idea of the donation pro-
ceeding, tissue procurement will not proceed; this is
called a ‘soft’ opt-out system.

Even if the legislation is based on a presumed
consent or opt-out system, the family and/or other
persons who knew the donor well must be engaged
in the donation process to provide information on
medical and behavioural risks about the potential
donor to ensure the safety of donated substances of
human origin (tissues or cells).

Table 4.2 gives an overview of national consent
systems in Europe. The information is up to date as of
June 2022. Of the 42 answering countries, it appears
that the majority (24 countries) have an ‘opt-out’
system, and 14 countries have an ‘opt-in’ system. Four
countries have a mixed system, either combining
elements of both ‘opt-in’ and ‘opt-out’ or, as in the
United Kingdom, with an ‘opt-in” system in one of
the four UK administrations (Northern Ireland), and
an ‘opt-out’ system in Scotland, Wales and England.

Different countries have different procedures
to help people express their wishes regarding organ
and tissue donation [2]. In each country, national
legislation (or, if this is lacking, operational policies)
should make clear what evidence (i.e. written or oral)
is valid in their country to confirm consent or objec-
tion to organ and tissue donation.

Among the means to express wishes regarding
organ and tissue donation after death are donor cards
and donor registries. Individuals who have donor
cards are also often simultaneously recorded in the
national donor registry. Consent to donation recorded
on a donor card or in a registry may contain detailed
information, e.g. consent or not to various types of
donation (donation of specific organs or tissues). In
some countries, those who apply for a passport or
driving licence have to state whether or not they are
willing to donate organs, tissues and cells after death.
Advance directives (‘living wills’) may also enable in-
dividuals to state prospectively under which medical
conditions they do not want to receive life-sustaining
therapy and allow documentation of people’s wishes
related to donating organs and tissues after death.

All national systems should enable individuals
to modify or withdraw their consent or objection at
any time. This ensures that the most recent informa-
tion about an individual’s wishes is recorded in some
way and is available at all times should an enquiry
be received from a physician or a donor co-ordinator
involved in the donation process.

4.3.2.2. Establishing consent in other circumstances

In countries with no legal framework for
consent to donation, or where a potential donor is not
able to express their donation preference, for example
a minor, the decision is, as a rule, left to the family
of the potential donor, based on the assumption that
the family would respect and represent the potential
donor’s wishes. Alternatively, consent may pass to
those who are the nominated legal representatives
of the potential donor, according to the laws of the
country.

In some circumstances (e.g. when death occurs
in suspicious circumstances or as a result of an illicit
act), authorisation to proceed must be given by a
coroner, a judge or a family court to avoid the pro-
curement interfering with an investigation, even if
the family has consented to donation.

In other circumstances, when a person was
to become a donor (expressed wish or absence of
refusal/objection), if no relatives can be found or
contacted, national procedures and regulations
should enable organ and tissue procurement where
possible, but only if sufficient medical, social and be-
havioural information to support safe donation and
transplantation can be obtained by other means (e.g.
from family physician or friends). If this level of in-
formation cannot be reached, donation should not be
considered, as it does not guarantee the safety of the
recipient.

Approaching the families of potential
tissue donors

4.3.3.

Grief and mourning are crucial processes to
help cope with the death of a loved one. When ap-
proaching a bereaved family to seek consent or in-
formation on the position of the deceased regarding
donation, the many aspects of acute reactions to grief
following a death should be understood in order to
deal with the circumstances sensitively and in an un-
derstanding way. Donation professionals should learn
to navigate the environment of acute grief to obtain a
decision about donation that is best for the family. By
applying their skills and experience, donation pro-
fessionals can support the family in their mourning
and provide appropriate help. The physician or donor
co-ordinator who is in charge of approaching the
family for donation should have accurate knowledge
of the purpose and needs in tissue transplants.

Conversations with the family
Conversations with a family about organ do-
nation do not generally differ from conversations
related to tissue donation. Therefore, where appli-

4.3.3.1.
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Table 4.2. Legal provisions in European countries for consent to/authorisation of organ donation from deceased
persons

Country National consent system Donor registry Non-donor/refusal registry
1 Armenia opting-out
2 Austria opting-out X
3 Belgium opting-out X
4 Bosnia Herzegovina opting-out
5 Bulgaria opting-out X
6 Croatia opting-out X
7 Cyprus opting-in X
8 Czech Republic opting-out X
9 Denmark opting-in X X
10 Estonia opting-out X X
11 Finland opting-out
12 France opting-out X
13 Georgia opting-in X X
14 Germany opting-in
15 Greece opting-in X X
16 Hungary opting-out X
17 Iceland opting-out X
18 Ireland opting-in
19 Israel opting-in X
20 Italy opting-out X X
21 Latvia opting-out X X
22 Lithuania opting-in X X
23 Luxembourg opting-out
24 Malta opting-in X
25 Moldova mixed system
26 Montenegro opting-in
27 Netherlands opting-out X
28 North Macedonia opting-in NA NA
29 Norway opting-out
30 Poland opting-out
31 Portugal opting-out
32 Romania opting-in
33 Russian Federation opting-out X X
34 San Marino opting-out NA NA
35 Serbia opting-out X
36 Slovak Republic opting-out X
37 Slovenia mixed system X X
38 Spain opting-out * *
39 Sweden mixed system X X
40 Switzerland opting-in
41 Turkiye opting-in
42 United Kingdom X X

a. England opting-out

b. Northern Ireland opting-in

c. Scotland opting-out

d. Wales opting-out

X: system in use; NA: data not available; *: some countries do not have opting-in or opting-out registries, but fulfil this requirement by
advance will directives and/or registries that allow people to record their wishes about donation.

Source: Adapted from European Commission’s implementation survey regarding Directive 2010/53/EU.
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cable, it is best to perform interviews about the dona-
tion of organs and tissues in a single interview session
with the family, allowing them time to reach a deci-
sion with which they are comfortable. The physician
or donor co-ordinator who will conduct the conver-
sation should prepare carefully for the interview. It is
important that he or she is familiar with the context,
the history of the hospitalisation and the situation of
the relatives, and that he or she gathers as much in-
formation as possible before interviewing them.

It is frequently impractical to discuss dona-
tion with a large number of family members, and it
is recommended that participating family members
should be limited to the lawful next of kin and/or
those who are key to making the decision, taking
into account the legal framework in place and cul-
tural or religious practices. This should be explained
to the other family members so that they do not feel
excluded.

When there are social, cultural or language bar-
riers or difficulties, the support (if there are no other
possible helpers) of interpreters or friends of the po-
tential donor who have a greater level of integration or
similar religious sympathies may be beneficial for the
family. These persons should be previously informed
about the donation and about the processes involved
so that they can support the family and champion
a favourable attitude towards donation; they should
not be limited to making a simple translation. Ideally,
it is best practice to work with authorised interpreters
who are familiar with the necessary terminology and
who can explain and translate the relevant medical
terms.

The conversation should be planned and
carried out at the right time, in the right place and by
trained people. Proper preparation for the conversa-
tion reduces the likelihood of errors and the need for
improvisation [11, 12, 13, 14]. The discussion should
take place in an environment that helps facilitate
the conversation, perhaps located close to the place
where their loved one died, to give family members
the opportunity to say goodbye. It is important to
provide the family with a quiet room, where they can
speak freely. It is also advisable to have resources that
meet the minimum needs (e.g. telephone, handker-
chiefs, water, food).

In certain circumstances, relatives of poten-
tial tissue donors may be interviewed over the tele-
phone [15]. Before the interview, the co-ordination
staff should be very careful and verify whether the
interviewee has been informed of the death of their
relative. It may happen that the hospital staff did not
reach them before the interview. Such interviews
need to ensure that the conversation takes place when

the relative is in a private space and preferably not in
an unfamiliar environment, such as a hospital. Tele-
phone conversations can make it more difficult to
offer reassurance and support to a family since there
is little opportunity to demonstrate a personal touch,
a lack of which can increase the emotional distance.
Trained personnel should be able to find appro-
priate words, and respect silent moments, to provide
support under these circumstances to enable a stand-
ardised interview to take place [16].

The physician or donor co-ordinator who is
conducting the conversation with the relatives should
respect their grief. This type of conversation requires
interpersonal skills, sensitivity and empathy. In sit-
uations when there is a huge pressure on medical
staff, conversation with families can become difficult,
rushed or insensitive. These telephone conversations
should be documented or recorded, if possible.

4.3.3.2. Informing the family

There is often debate about the amount of in-
formation a donor family should receive, how much
information is enough and when does it become too
much. One opinion is that the family should be given
only the information they request; another view is
that the family must be told absolutely everything:
which tissues will be donated, a description of the
procurement process including reconstruction, po-
tential uses of the tissue in both clinical practice and
research, the method of discard, the potential need
for follow-up if some test results are found positive,
and so on. The first approach has the limitation of not
taking into consideration the fact that the family may
not know much about donation and will therefore
not know what to ask. The latter could cause harm
to the family and could risk converting an interest in
donation into a refusal. The solution to this dilemma
should be found by the donation professionals on a
case-by-case basis. Professionals should be able to
adapt the information given to the family, taking
into account their knowledge, circumstances and
requests.

In cases of donation for cells donated as
starting material for ATMPs, some special consid-
erations apply and should be specifically discussed
(e.g. the implications for the donor in the event of a
novel genetic disease marker being identified many
years after the donation; the commercial potential
of the ATMPs produced; and the fact that, in view
of their scaleability, such products derived from one
biological system may reach a significant number of
patients).

While providing the information, they may
observe agitation, frustration or irritability in
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a family member; this may signal unwanted or
stressful information and suggest reconsideration
of how much information is needed or wanted. Ulti-
mately, the amount of information made available to
donor families in order to obtain consent should vary
and should be increased if the potential application of
the donated material is potentially sensitive, e.g. re-
search or commercial applications. The interview in
any case should be prepared in advance with system-
atic content, built with the interviewer’s own words.
Global and generic sentences may be helpful to raise
the main subjects, which the family can investigate
further with questions if needed.

It is helpful to ensure that, during the whole
donation, the family receives the appropriate care
and support they need. In many countries, hospitals
have dedicated bereavement teams to provide psy-
chological support, access to social services, admin-
istrative support or religious counselling. The clinical
team should establish whether there are any specific
religious or spiritual requirements of the family and
whether the family wishes to retain keepsakes such as
locks of hair or handprints.

4.3.3.3. Family objections

Conversations about tissue donation aim to
fulfil the will of the deceased donor and to obtain
family consent or support for donation. Regardless of
the legal position, conversations must aim to achieve
a decision that is acceptable and accepted by the rela-
tives. Agreement to donation must not be coerced or
conditional, nor should it be achieved under pressure
or by offering any financial inducements or other ma-
terial benefit.

It is difficult to proceed with donation when
a family is strongly against it, even if there is evi-
dence that their deceased family member wished to
be a donor. The family has the right to express their
opinion about donation, and clinicians need to make
a balanced decision to continue with the procure-
ment without the support of the family and risk dam-
aging the emotional health of the relatives, incurring
possible bad publicity and a loss of public confidence
in the donation programme, or accept that it is not
feasible to follow the wishes of the deceased and
abandon the donation process. Family co-operation
is essential to obtain a good medical and behavioural
history of the donor.

It might be helpful to use the following when
discussing refusal with the family:

a. If the family claims that the deceased patient
did not agree to donation or had changed their
mind, explore the basis on which the family
gives such a statement.
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b. When the family does not know anything
about the attitude of the deceased to donation,
discuss whether the deceased helped people
generally, e.g. as a blood donor or by donating
to charity, and how donation could help many
people to benefit from a transplant.

c¢. The experience of interviews with families sug-
gests that some difficulties and possible opposi-
tion may occur in procurement of tissues from
‘visible places’ like skin, bone and, in particular,
eyes when family members fear disfigurement
of the body. In these situations, reassure them
that the deceased’s body will be fully respected.
If necessary, some technical aspects of pro-
curement should be explained, for example the
use of specific surgical incisions and sutures or
suitable prostheses or artificial eyes or bones.
Reassurance should be given that they should
not notice anything if they see the deceased
person after procurement, albeit there can be
rare problems such as bruising or bleeding, and
they should be made aware of such possibilities.

d. In the case of religious concerns, offer a consul-
tation with a religious leader or representative.

e. Give special attention to cases of dissatisfac-
tion with the healthcare provided and record
the complaints, but explain that the issue of do-
nation should be kept separate.

f. Identify the persons involved in the refusal to
donate and their role within the family, and
attempt to communicate with them separately
to understand and try to address their con-
cerns.

g Identify whether a disagreement to donation
by individual family members is based on con-
flicts between family members, which come to
light when a person has died. In this case, try
to separate the conflict from the issue of tissue
donation.

4.4. Special considerations

Some challenging aspects of consent for donation
of cells are related to informed consent, follow-up
of the recipients and traceability (see Chapter 16
for traceability). A number of complex issues exist,
mostly relating to the potential length of storage of
these cells and to tests and manipulations that may
be performed. These issues include:

a. the implications for the living donor in the
event of identification of known or novel infec-
tious or genetic disease markers, either at the
time of donation or at any time in the future;

b. the implications for potential recipients if there
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is development of post-donation disease in the
donor which may have an infectious or genetic
basis;

c. the extent to which the development of clinical
problems in recipients may have implications
for the living donor and/or their family;

d. any findings that cause concern during any
stage when the tissues and cell are in the TE or
in process to become ATMPs;

e. the possibility of multiple cells or tissue prod-
ucts (ATMPs) being offered to multiple recipi-
ents over an extended period.

Where each product sits in relation to the
others is usually with respect to two key areas. How
consent is affected by these issues will mostly depend
on the complexity and the potential risks of the tissue
or cell procured.

The subject of cell-based advanced therapies
should be discussed openly and transparently, in
order to build growing and informed public aware-
ness. Consent should always be considered as a
process, not an event. The scope of the consent needs
to be explicit, although a balance needs to be struck.
A blanket, generic consent means that the person
giving consent does not know or understand the im-
plications of what they are consenting to; however, if
the initial consent form is too detailed, it may be too
restrictive.

The scope of the consent should cover not only
the tests available today, but also tests that may be
available in the future. To aid decision-making,
donors should be provided with examples of the type
of tests that may come on line and the implications
of them.

Whoever is giving consent should be told the
circumstances in which they would receive feed-
back on any new findings. They should be prepared
to receive such information, and the institution ar-
ranging the donation should be prepared to provide or
arrange appropriate support when such information
is communicated. Where there is no public health
need for a donor to be told of such a result, they might
choose to be given feedback only if the condition con-
cerned has consequences for the donor’s health and
can be treated.

4.5. Conclusions

he continuing development of transplant med-
icine gives hope to many patients in need.
However, the need for tissues and cells for clinical
application cannot be met only by autografts or
surgically discarded tissues. The ability of a tissue

establishment to meet patients’ needs requires mul-
tiple efforts to increase tissue and cells donation ac-
tivity. These efforts involve organisational measures,
the development of proactive donor recruitment and
identification programmes, and the engagement of
many parties, including the general public, hospital
staff, coroners, procurement organisations and tissue
establishments. By establishing strong links with and
co-ordination between all these parties, and by ade-
quately training personnel to acquire the necessary
medical expertise and key social and emotional skills,
tissue establishments can ensure the success of tissue
and cell donation programmes.

Because tissues and cells come from a human
being, either living or deceased, it is essential to
ensure that donors have the autonomy to decide
freely about matters that are entirely their own choice.
Obtaining informed consent is relatively straightfor-
ward when donors are alive. It is essential, however,
that they fully understand the risks and conse-
quences of the donation procedure and the final use
that will be given to their donated material. In the
case of deceased donors, it is less clear how respect
for autonomy applies but, ultimately, it is crucial that
the wishes and best interest of the potential donor
are scrupulously respected. This chapter has aimed
to offer practical guidance for obtaining consent in
all possible contexts.
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Chapter 5. Donor evaluation

51.  Introduction
D onor evaluation is critical to ensuring the safety
and quality of the donation/product, as well as
the safety of living donors [1, 2]. This chapter con-
siders the principles of evaluation of (a) haemato-
poietic progenitor cells (HPC) from autologous and
allogeneic bone marrow and peripheral blood donors,
(b) living allogeneic tissue donors, (c) deceased allo-
geneic tissue donors, and (d) medically assisted re-
production (MAR) non-partner donors.
The main objectives of donor evaluation are:

1. to identify absolute contraindications to do-
nation, to exclude such donors and thereby to
minimise the risk of transmitting a disease
from a donor to recipient,

2. to identify relative contraindications to dona-
tion by careful assessment of information in
the medical history and thus to identify con-
ditions that might adversely affect the quality
of tissues and cells and influence efficacy and
clinical outcome, and

3. to ensure that the donation will not cause harm
to a healthy living donor.

When dealing with living donors, an impor-
tant part of the evaluation is to assess whether the
procurement process itself could harm the donor,
and whether it is necessary to implement long-term
follow-up of living donors (HPC and oocytes donors)
after procurement. The World Marrow Donor Asso-
ciation and similar organisations are active in many
countries to help protect the health and safety of

unrelated HPC donors [1, 2]. The European Com-
mittee on Organ Transplantation (CD-P-TO) has
recommended the same level of protection for related
and unrelated HPC donors [3]. Special considera-
tion is required for paediatric living donors. These
aspects of living donation are detailed in Chapter 4
- Recruitment of potential donors, identification and
consent; Chapter 24 - Haematopoietic progenitor
cells from bone marrow and peripheral blood;
Chapter 29 - Medically assisted reproduction; and
Chapter 30 - Fertility preservation.

5.1.1. Donor evaluation

To meet the above objectives, the following in-
formation must be evaluated:

i.medical history (including genetic disease,
family history of disease and transfusion
history);

ii. social history (personal and behavioural infor-
mation, including travel history);

iii. physical examination;

iv. psychological examination (living HPC and
non-partner MAR donors) - see Chapter 24
and Chapter 29;

v.tests for markers of transmissible disease, as
detailed in Chapter 6 and Chapter 11.

During donor evaluation, confirmation of the
validity of the consent and of the donor identity are
essential (see Chapter 4). For European Union (EU)
member states, the selection criteria for deceased
donors (including additional exclusion criteria for de-
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ceased paediatric donors) and living donors of tissues
and cells are specified in Annex I/III of Directive
2006/17/EC. These criteria are the legal minimum,
and individual member states can set additional cri-
teria as necessary.

5.2. Assessment of potential
autologous donors
5.2.1. General evaluation

The donor eligibility criteria for autologous
donors can be very different from the criteria for al-
logeneic donors [1] because the direct benefit of trans-
plant may outweigh potential risks associated with
donating cells and tissues. The clinician caring for
the donor should make the decision on autologous
donation/application according to clinical guidelines
and relevant scientific data. Eligibility for donation
should be evaluated on an individual basis, taking
into consideration the possible risks and benefits,
and should be based on all available information, in-
cluding the relevant medical history, results of labo-
ratory tests and physical examination results.

5.2.2. General contraindications

There are no absolute contraindications for
autologous donors. The potential benefits and risks
should be analysed on an individual basis and a de-
cision made by the clinician in charge, subject to
full informed consent from the patient. This process
should be clearly documented.

If the procured tissues or cells will be processed

and/or stored, the same screening with biological
testing for mandatory markers must apply as for an
allogeneic living donor (see Chapter 6), although the
results are not necessarily a contraindication for au-
tologous donation. Potential or proven infectious (e.g.
HIV/HBV/HCV-positive) materials collected from
autologous donors should be handled in such a way
that the risk of cross-contamination with tissues and
cells from other donors within the tissue establish-
ment is minimised. The risk of transmission of in-
fection to personnel, during procurement, processing
and storage of these cells, should also be consid-
ered. Written standard operating procedures (SOPs)
should be present for these situations (see Chapter 8,
Chapter 9 and Chapter 10).

53. Assessment of potential
allogeneic donors
5.3.. General evaluation

Allogeneic donors can be living donors related
to the intended recipient, unrelated voluntary living
donors or deceased donors. This section includes as-
sessment of:

a. living tissue donors - for example, femoral
heads surgically removed during primary hip
replacement, amniotic membrane donated
by mothers at the time of delivery and heart-
valve donation from the discarded heart of a
heart transplant recipient (known as a ‘domino
donor’);

b. HPC donors: related or unrelated, and cord
blood - for example, bone marrow collected in

Table 5.1. Deceased donors: sources of information and types of record for donor evaluation

Sources of information

Types of record

1. interview with family and friends/close acquaintances

2. interview with attending clinician and nurse, as well as the
healthcare provider

3. detailed review of the medical notes (see Types of record,
to the right)

4. general practitioner notes

5. physical examination findings

6. autopsy findings (for deceased donors), which must be
communicated as soon as possible after procurement

7. tests for infectious markers (see Chapter 5 and Chapter 10)
and other relevant test results (see Types of record, to the
right)

1. emergency room and emergency medical transport (@am-
bulance) records

2. admission records, progress notes, clinician’s orders/notes,
nursing observations

3. surgical records

4. records of consultations (e.g. psychiatry, infectious disease,
neurological, orthopaedic, oncology, rheumatology,
counselling)

5. discharge summary or death certificate (for deceased
donors to confirm cause of death or to determine whether
an autopsy is planned)

6. results of laboratory tests (microbiology, chemistry,
haematology, virology, toxicology, genetic screening,
pathology)

7. physical evaluation form

8. information relating to transfusions and infusions (to be
used for evaluation of haemodilution)

9. radiography/magnetic resonance imaging/computed
tomography

For deceased donors whose death occurred outside a
healthcare facility, the records listed to the right may also be
available and, if so, they should be reviewed

10. police records
11. records from the medical examiner or coroner
12.records from the extended-care facility
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theatre under general anaesthesia or peripheral
blood stem cells collected by apheresis tech-
niques;

c. deceased tissue donors — for example, muscu-
loskeletal, cardiovascular, ophthalmologic or
skin tissue donated after death;

d. MAR donors - in the case of non-partner do-
nation (sperm/oocyte donors).

5.3.1.1.  Sources of information

In the setting of living donation, the infor-
mation on medical and social history required for
donor evaluation should be obtained directly from
the donor. For HPC donors, the health risks for the
donor must be considered by a clinician not involved
in the treatment of the potential recipient, to avoid
conflicts of interest. Additional information, where
applicable, should be sought from other sources,
similar to that obtained for deceased donors as given
below. The types and extent of records to be reviewed
will vary depending on the type of donation.

Several sources of information should be used
to gather medical and social history about deceased
donors (see Table 5.1). Information obtained must be
included in the donor’s medical evaluation record.
Procurement of tissues from deceased donors takes
place after circulatory arrest. Thus, the time available
for full donor evaluation is normally limited. An in-
terview with relatives of deceased donors should be
undertaken, bearing in mind that, under emotional
stress, some details might be forgotten. Even when
donor relatives trust the interviewer, they may be re-
luctant to disclose sensitive information, or they may
not know the entire truth.

Contact with the general practitioner of the
donor and a review of hospital records (for histor-
ical data or other sources of information, e.g. tumour
registry/pathology reports if available) are both im-
portant in supplementing and/or confirming infor-
mation provided by the family. The donor medical
evaluation record should include the details of hos-
pital admission (if the donor died in a healthcare
facility); cause of death; medical and behavioural
history; general data such as age, gender, body weight
(if necessary, e.g. to calculate haemodilution), date
and time of death; and signs of obvious medical in-
terventions, i.e. scars, skin or mucosal lesions.

Standardised questionnaires should be used
for interviews to ensure that all the relevant infor-
mation is obtained (see Appendix 14). The interviews
should be performed, documented and signed by a
suitably trained and competent authorised person
and comply with national regulations. They should
be held in private and be carried out before donation
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(see Chapter 4). The donation record, whether paper
or electronic (see Chapter 2), must fully and accu-
rately reflect the relevant information gained from
reviewing these records and from discussions with
medical or other personnel. Transferring informa-
tion from records to a new document carries the risk
of transcription or interpretation errors. These steps
must be carried out by well-trained, competent staff.

Careful review of all the collected donor in-
formation will help ensure an accurate donor eval-
uation and assessment of the risks, including the
identification of any potential contraindications for
donation, either absolute or tissue-specific (see Part
B for specific chapters). This analysis should prefer-
ably be performed before procurement; but, if this
is not possible, the procured tissues and cells should
be quarantined until a final decision is made by the
Responsible Person (RP) of the tissue establishment.
In addition, it is the responsibility of the person/
team performing the procurement to document any
suspicious anatomical findings observed during the
procurement procedure and to obtain samples for
histological examination if relevant.

An HPC donor should be pre-screened for
factors to assess if the donation process would place
them at increased risk of adverse incidents or harm
to their health. Pre-screening may include general
health status, medical history questions, phys-
ical exam, blood tests and other relevant medical
evaluation.
5.3.1.2. Donor medical and social history
5.3.1.2.1. Medical history

a. Current clinical information, e.g. diseases/di-
agnoses, transfusions/infusions and medica-
tion/vaccinations, should be reviewed. If large
volumes of blood are to be collected in HPC
donations, the donor’s haemoglobin should
be measured before the donation, and poten-
tial donors with low levels should be adequately
prepared (e.g. iron supplementation in the case
of iron deficiency) or excluded from donating.
If marrow is to be aspirated to obtain bone-
marrow stromal cells, or a skin biopsy, the
donor’s platelet count and coagulation meas-
ures should meet pre-defined criteria to be
sure that they are not at increased risk from
bleeding [1, 2, 4].

In deceased donors, cause of death must be
available. Haemodilution should be assessed in
donors with trauma, intra-operative blood loss
or ruptured aneurysms, including bleeding
from oesophageal varices, spleen rupture etc.,
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as the donors may also have received blood
products. If haemodilution is >50 %, serology
testing on blood samples drawn at the time of
procurement may not be reliable (see Chapter 6
and Appendix 18). When haemodilution is
suspected or confirmed, blood samples taken
before transfusion must be used for virology
and serology testing, and serology testing has
to comply with sample testing requirements
mentioned in Chapter 6. If pre-transfusion/in-
fusion samples are not available, haemodiluted
samples can only be accepted if the testing
procedures used have been validated for such
samples.

Previous diagnoses of disease, surgeries, vacci-
nations, genetic disease, chronic diseases and
family history should be evaluated. For living
allogeneic donation, where applicable (e.g. um-
bilical cord blood or gamete donation), atten-
tion should be given to cases of family adoption
or conception by donated gametes/embryos,
as it may not be possible to trace the genetic
family history.

The evaluation of current and past medical
history should include

.chronic/previous disease, e.g. chronic per-
sistent infection, malignancy, autoimmune
disease, neurological disease, genetic disease;

ii. medication;

iii. information on recent vaccinations [5]:

to identify recent vaccinations that indicate
travel risks or other types of exposure to po-
tential infection e.g. hepatitis B or tetanus,

to identify vaccinations with live attenuated
virus,

to help with interpretation of test results (a
recent HBV vaccination can be expressed as
reactive/positive HBsAg );

family history - for instance, if individuals are
at familial risk of prion-associated diseases
(have had two or more blood relatives develop
a prion-associated disease, or have been in-
formed following genetic counselling that they
are at risk for public health purposes) [6], or for
malignancies or connective tissue disease.

d.

e

—-

iv.

5.3.1.2.2. Social history, evaluation of behavioural
and personal risk

Behavioural and personal risk (including travel
history) must be evaluated because they may com-
pletely exclude a donor, or can indicate that certain
tissues/cells may be compromised or may suggest an
increased risk of infectious diseases [7]. It is necessary
to ask lifestyle questions, including sexual history
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and habitual drug use, to determine behavioural risk
as detailed in section 5.3.3.1.

Recent or pertinent travel history or residence
abroad/overseas must be evaluated to rule out the
risk of tropical or endemic infections, e.g. malaria,
trypanosomiasis or Zika, as well as the subsequent
risk of vertical transmissions. Travel history helps to
identify risks related to places/countries with less rig-
orous regulatory standards or with a high prevalence
of certain infections. Emerging, non-tropical infec-
tions also exist in some European regions, e.g. West
Nile virus, chikungunya virus. See 5.3.3.3.

Information about hobbies (e.g. home, garden,
animals, woodlands) should also be obtained with
the same intention. Seeking information about
contact with fauna, especially bites from pets, do-
mestic or wild animals, bats and birds, is necessary
to evaluate the risk of infections.
5.3.1.3. Physical evaluation of donors
Physical evaluation of the donor (see Table 5.2)
must be carried out and documented in the donor
evaluation record. Each donor must be thoroughly
examined following established protocols (see
Chapter 7) to detect any sign that may be sufficient
in itself to exclude the donor or that must be assessed
in the light of the donor’s medical and personal
history. The information obtained through physical
examination is supplementary to the comprehensive
summary of clinical data.

For living donors, a complete physical exam-
ination should be undertaken to ensure the safety
of donors and recipients according to the specific
requirements of the particular type of tissue or cell
donated. This examination should be done in the
context of a clinical evaluation that includes an in-
terview and a comprehensive physical examination,
together with psychological evaluation of the poten-
tial donor where relevant. More detailed information
about HPC donors, including paediatric donors and
non-partner MAR donors, is given in Chapter 24 and
Chapter 29.

For deceased donors, the physical examination
should look for evidence of high-risk behaviour, or
external signs of underlying medical conditions (see
Table 5.2). Visual examination of the body is advis-
able during early, initial screening if adequate infor-
mation on the condition of the body cannot reliably
be obtained orally. The physical examination may
include taking a photograph of suspicious lesions
that may indicate a risk and/or taking a sample for
histology. Any findings that may indicate the risk of
transmissible disease or unsatisfactory quality of the
tissues should result in exclusion of the donor [8]. Any
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Table 5.2. Deceased donors: physical examination prior to donation

Look for signs of

Possible systemic disease

malignancy (suspicious skin or subcutaneous lesions; see Appendix 16)
malnutrition, multiple deformities

Bacterial or viral infection

recent receipt of a live vaccination (vaccination site infection, scabs, vaccinia)
recent receipt of a tattoo, body piercing or acupuncture (shaved area, redness, swell-

ing or scabbing may require further investigation to assess risk) where there is a risk
that non-sterile instruments may have been used

shingles, scabs
mortis)

icterus

skin lesions such as a rash, petechiae, skin ulcers, blue/purple or grey/black lesions,
oral lesions such as ulcers or thrush (not always possible to examine due to rigor

visible/palpable enlarged lymph node(s)

High-risk behaviour

injected drug abuse (non-medical injection sites)
inspection of tattoos for hidden injection sites or for any additional information (e.g.

some tattoos may suggest imprisonment or high-risk sexual behaviours)

genital or peri-anal skin lesions indicative of a sexually-transmitted disease

Trauma

fractures, avulsions, lacerations or abrasions that may affect (contaminate or compro-

mise integrity of) the tissue to be procured

suspected internal trauma that can cause cross-contamination between cavities (e.g.

injury to the bowel, penetrating or crushing injuries)

cleanliness of the body, the condition in which the body was found (this can also

relate to increased risk for contamination/cross-contamination)

gation may be required

scars (surgical or other); if findings do not match the donor’s history, further investi-

new information related to lesions (tumours, skin
lesions, scars), diseases or treatments that becomes
apparent during the physical examination must be
investigated further by the professionals responsible
for donor selection. Excessive weight of the donor
should not compromise the requirement to carry out
a thorough assessment.

In all cases of abnormal findings, the tissue es-
tablishment should undertake further investigations,
if required, according to specific SOPs. The limited
sensitivity and specificity of physical examination for
discovering pathologies should be considered in the
donor risk assessment. An example of a tissue-donor
physical assessment form can be found in Appendix
15.

Paediatric donors should be screened with
as much diligence as adult donors. Physical assess-
ment should not be overlooked or shortened simply
because the donor is a child.

Generic contraindications for tissue and
cell donation

5.3.2.

Donors should be considered as high-risk if
one (or more) of the following conditions is present.

Unknown cause of death (deceased donors)
If the cause of death (COD) is not known, the
donation cannot be accepted, as death may have been
due to a transmissible disease. The only exception to
this rule would be in those cases when an autopsy

5.3.2.1.
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report will be available after procurement, to provide
information on the COD. The circumstances of death
and medical history for differential diagnosis con-
tributing to death may help to exclude contraindica-
tions to donation until the certified cause of death is
available.

5.3.2.2. Infectious diseases

Infectious agents transmissible by tissues and
cells belong to one of five groups of pathogens:
viruses, which can be transmitted either during
active or in latent infections; DNA viruses may
persist latently in the tissues without detect-
able viraemia and evaluate the risk of trans-
mission and weigh the benefit for the recipient;
RNA viruses usually cause direct infection and
disease;
bacteria by bacteraemia or colonisation/infec-
tion of tissues or cells;
fungi by fungaemia or colonisation/infection
of tissues or cells;
parasites by latent or acute infection;
prions (see §5.3.2.2.5 and §5.3.2.2.6).

5.3.2.2.1. Active systemic infection

Donors with systemic infection that is not con-
trolled at the time of donation (including bacterial
diseases, viral, fungal, protozoan or parasitic infec-
tions, or significant local infection in the tissues and
cells to be donated) must be excluded. Donors with
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bacterial septicaemia may be evaluated and consid-
ered for cornea donation, provided that the corneas
will be stored by organ culture (see Chapter 19).

If the aetiology of an active infection cannot
be established, the donor is not a suitable candidate
for donation. Communication with the physician or
medical staff caring for the potential donor is neces-
sary if there is any doubt. These healthcare providers
may know if there was a suspicion of sepsis or another
infectious disease at the time of death, which may not
have been well documented in the records.

5.3.2.2.2. Chronic persistent infection

Consideration should be given to the history
of bacterial and protozoic diseases that can lead to
chronic persistent infections, including tuberculosis,
brucellosis, leprosy, Q-fever, chlamydiosis and sal-
monellosis. Specific attention should be paid to tick/
arthropod-borne diseases such as borreliosis, rickett-
siosis, trypanosomiasis, leishmaniasis, babesiosis and
ehrlichiosis. The risk of transmitting these infectious
agents with specific tissues must be assessed.

5.3.2.2.3. Confirmed transmissible viral infection

Donations must be screened for evidence of
transmissible viral infections (see Chapter 6). Persons
with clinical or laboratory evidence of active HIV,
HCV, HBV or HTLV-I/II infection must be excluded
from donation. Behavioural risks that could increase
the risk of acquiring transmissible infections are dis-
cussed in section 5.3.3.1. These have to be evaluated to
determine the suitability of the donor.

Newborns, and infants aged under 18 months,
or children who have been breastfed by their mothers
during the previous 12 months, who were born to a
mother with confirmed HIV, HBV, HCV or HTLV
infection, cannot be considered as donors, regardless
of the results of analytical tests of their sample (see
Chapter 6). This is due to the fact that vertical trans-
mission cannot be excluded because a newborn’s
immune systems are not fully developed to mount an
immune challenge. Similarly children who have been
breastfed by infected mothers within the 12 months
before death should not be accepted. This is a require-
ment of the EU Tissue and Cell Directive.

5.3.2.2.4. Recent history of vaccination with a live
attenuated virus/bacterium
Vaccinations with live vaccines [5] may result

in transmission of a vaccine-derived pathogen to the
recipient. Therefore, it is imperative to determine if
the donor has received live vaccines during the pre-
vious 4 weeks. Live vaccines include:

a. viral: inhaled attenuated influenza, varicella—
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zoster, rotavirus, measles-mumps-rubella
(MMR), oral polio and yellow fever. Vaccinia
for smallpox should be deferred for 8 weeks;

b. Dbacterial: bacillus Calmette-Guérin (BCGQG),
oral Salmonella typhi.

Note that injectable live attenuated
non-replicating vaccines are not contraindications to
donation. If the vaccine has been administered fol-
lowing potential exposure, consideration needs to be
given to the residual risk of infection transmission.

5.3.2.2.5. History of prion disease

Transmissible spongiform encephalopathies
(TSE), which include Creutzfeldt-Jakob disease
(CJD), Gerstmann-Staussler-Scheinker (GSS), Kuru
and fatal familial insomnia (FFI), are rare neurolog-
ical degenerative diseases that are progressive and
inevitably fatal. They are associated with transforma-
tion of the normal form of prion protein (PrPC) into
an abnormally-folded form (PrPSc).

There are four clinical forms of CJD: sporadic
(sCJD), which is the most common; variant (vCJD);
genetic (gCJD); and iatrogenic (iCJD). While Western
blot and ELISA assays have been investigated for
testing blood, retinal tissue, optic nerve, spleen and
tonsillar tissue, diagnosis can currently be confirmed
only by autopsy. Adherence to European Centre for
Disease Prevention and Control (ECDC) recommen-
dations is suggested and the risk of transmission
should be considered as detailed in 5.3.2.2.6.

Prion related diseases (any form of CJD, GSS or
FFI) are contraindications to tissue donation.

5.3.2.2.6. Risk of transmission of prion diseases

In the following circumstances, possible TSE
and other CNS infections must be ruled out before
accepting tissue donation:

a. any suspicion of prion-associated disease, such
as rapid progressive dementia;

b. a diagnosis of dementia without a confirmed
primary cause (unless prion-associated disease
has been ruled out by microscopic examina-
tion); but, if dementia has a primary cause (e.g.
dementia of vascular origin), donation can be
accepted;

c. degenerative or demyelinising disease or a
disorder of unknown aetiology involving the
central nervous system.

In addition, TSE transmission risk should be
evaluated in the following cases:

d. persons treated with hormones derived
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from human pituitary gland, such as growth
hormone;

e. recipients of cornea, sclera and dura mater as
well as persons who have undergone neurosur-
gery in which the dura mater may have been
used;

f. when following the precautionary advice given
by some countries (other than UK) that prion
risk should be considered in persons who lived
in the UK between January 1980 and December
1996 for longer than 6 months;

g individuals who have been told that they may
be at increased risk because a recipient of blood
or tissues that they have donated has developed
a prion-related disorder or they have received
blood transfusion from a donor who had sub-
sequently developed prion disease [6].

5.3.2.3. Malignancies
5.3.2.3.1. Haematological malignancies

Myeloid and lymphoid neoplasia and leu-
kaemia are malignant diseases caused by dysreg-
ulated multipotent haematopoietic stem cells and
should be considered as absolute contraindications
to donation. Other myeloproliferative diseases (e.g.
Polycythaemia vera, essential thrombocythaemia
and mastocytosis, myelodysplastic syndromes) may
also affect the stem cells; thus, these donors require
special attention, and donation of living cells must
be avoided. The World Health Organization (WHO)
has published classifications of myeloid neoplasms
and acute leukaemia [9], and of lymphoid neoplasms
[10]. Any information indicating haematological al-
terations that would be suggestive of any of the ma-
lignancies must be evaluated further. A recent blood
test carried out before death, if available, may offer
valuable information indicative of these alterations.
Although an experienced haematologist will be able
to provide a differential diagnosis, certain results
should be individually evaluated [11], such as the ex-
amples shown in Table 5.3.

5.3.2.3.2. Non-haematological malignancies

A history of malignancy should be evaluated
carefully to determine its effects on the quality and
safety of tissue, due to the risk of either the presence
of a tumour or the treatment given to the donor for
the malignancy.

Results of donor evaluation may imply a donor
risk, a recipient risk or both. An increased risk of
harm to a living donor through the donation process
is not acceptable, even if the benefit of transplanta-
tion for the recipient is considered to outweigh the
risk of transmission (for example in the case of a
donor’s past malignancies).

Detailed history of type, duration, course/
recurrence and treatment history must be consid-
ered. Availability of screening programmes has
improved early detection, which increases the treat-
ment options and can lead to cure. For donors who
had been diagnosed with a pre-malignant condition
(e.g. Bowen’s disease, polyposis coli or Barrett’s oe-
sophagus), further information should be sought to
exclude malignancy because these patients are likely
to be monitored regularly (see Appendix 17).

Some international bodies provide assessments
on risk of transmission of malignancies through
organ transplant for CNS (central nervous system)
and non-CNS tumours [12], which can be used as a
basis for determination of the risks of transmission
through tissue transplant. The role of processing
steps applied to tissues and cells in reducing the risk
of transmission of malignancy for tissues and cells
following transplantation should be considered. The
effect of high-dose terminal sterilisation (25-40 KGy)
and the decellularisation process removing viable
cells are examples of tissue-processing steps that
reduce the potential for transmission of malignant
cells. It should be also noted that tissue recipients
usually do not require immuno-suppression.

The Guide to the quality and safety of organs
for transplantation (Chapter 9: Risk of transmission
of cancer) [13] provides useful guidance on assessing

Table 5.3. Haematological parameters that should be individually evaluated

Altered haemoglobin men >18.5 g/dL

women >16.5 g/dL

Altered haematocrit men > 55.5 %

women > 49.5 %

should be carefully assessed for potential contraindications, such
as Polycythaemia vera

Platelet count <50 X% 107/L

is highly indicative of a haematological disorder

50-100 X 107/L

should be carefully assessed for contraindications due to a possi-

ble haematological problem

> 450 X 107/L

should be carefully assessed for contraindications such as essen-

tial thrombocytosis

Altered white blood cells >50 % 107/L

should be carefully assessed for contraindications such as chronic

myeloid leukaemia
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the risk of malignancy transmission through organ
transplantation, based on published evidence in the
literature and national transplant registries. Other
than absolute contraindications (unacceptable risk),
the risk of transmission is classed as minimal (< 0.1 %),
low (0.1 to 1 or <2 %), intermediate (1 or 2 % to 10 %)
and high (>10 %) for CNS and non-CNS tumours. A
similar approach could be applied for tissue and cell
transplantation based on literature review.

5.3.2.3.2.1. CNS tumours

Malignancy gradation in the CNS should be
thoroughly evaluated, including a complete histo-
logical exam rather than a simple biopsy, due to pos-
sible heterogeneity of the mass. In 2021 the WHO
updated their classification of 2016 [14] of selected
CNS tumours is shown in Appendix 17 (Table A1y.1
compiles a combination of 2016 and 2021 classifi-
cations). In addition, following SaBTO guidelines,
WHO Grade 1 and 2 CNS tumours have a minimal
or low risk of metastasis and would not contraindi-
cate tissue donation. The Grade 3 and 4 primary CNS
tumours have either low (WHO grade 3: <2 % trans-
mission risk) or intermediate (WHO grade 4: 2.2 %
with an upper 95 % CI of 6.4 % transmission risk) risk
of transmission through organ transplantation [14]
(Appendix 17, Table A1y.2). There are no described
cardiac metastases with any CNS tumours in the lit-
erature. There are published reports of extracranial
bone metastasis of glioblastoma multiforme (Grade
4) [14-20]. Individual risk assessment is required for
decisions whether to accept donors with malignan-
cies that have low or intermediate transmission risk
for tissue donation. Appendix 17 provides a generic
risk assessment for accepting a donor with CNS
tumours (Grade 3 & 4) for heart valves.

In CNS tumours, cerebral lymphoma and sec-
ondary intracranial lymphomas are considered abso-
lute contraindications.

5.3.2.3.2.2. Non-CNS tumours

The assessment of transmission risk for
non-CNS tumours in an organ transplant setting [12]
is summarised in Appendix 17, Table A173. Malig-
nant neoplasms have been transmitted to immuno-
suppressed recipients through transplantation organs
from donors with known or unknown malignancies.
In an organ transplant setting, this risk needs to be
considered against the perspective of the important,
life-enhancing and life-saving benefits afforded by
organ transplant. The increasing number of patients
on waiting lists, along with the shortage of organs
available for transplant, has encouraged reconsid-
eration of the criteria for acceptance of organs from
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donors with a past or current history of malignancy
[13].

The risk-benefit analysis is very different in a
tissue-transplant setting. Tissue grafts are mostly
used in elective settings and are life-enhancing
(rather than life-saving). However, there is a scar-
city of certain types of tissue to meet clinical re-
quirements. This should be taken into consideration
where the risk of transmission is negligible or very
low, and when there are no metastases described in
the relevant tissue (see Appendix 17). The processing
steps and terminal sterilisation may vastly reduce
the potential for transmission of tumour cells, and
tissue recipients, unlike organ recipients, usually do
not require immuno-suppression. Thus, the risk of
transmission is generally much lower compared with
organ transplant. Guidance for undertaking these
assessments is provided in Figure 5.1 (decision tree
algorithm). Transmission of malignancy via tissue
allografts is rare; there have been two recent case
reports (in 2017) of donor-derived malignancy in
viable keratolimbal allograft recipients [22, 23].

5.3.2.3.2.3 Carcinoma in situ

Carcinoma in situ (CIS) is an early form of
cancer that is defined by the absence of invasion of
tumour cells into the surrounding tissue, usually
before penetration through the basement membrane.
There may be differences in terminology used to de-
scribe CIS depending on the anatomical location
where it occurs, but all share the same characteris-
tics. A list of all types of malignancy considered as
CIS is provided in Appendix 17. CIS is, by defini-
tion, a localised phenomenon, with no potential for
metastasis unless it progresses into an invasive car-
cinoma. Therefore, its removal eliminates the risk
of subsequent progression into a life-threatening
condition. As most forms of CIS have a high prob-
ability of progression into invasive carcinoma [13], it
is usually recommended that the lesion is completely
removed. Therefore, CIS is usually treated in much
the same way as a malignant tumour. If a donor had
been successfully treated and cured after a CIS (e.g.
uterine cervical or vulval carcinoma in situ, some
intra-ductile carcinoma of the breast, intraepithelial
cancer of the prostate etc.) the donation could be suit-
able because CIS do not adversely affect the safety or
quality of other types of tissues.

5.3.2.3.2.4. Specific considerations for EU member
states

It must be noted that, for EU member states, the
EU directives for tissues and cells general donor ex-
clusion criteria require that donors with malignancy
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must be excluded from donation unless justified on
the basis of a documented risk assessment approved
by the responsible person (as specified below). Com-
mission Directive 2006/17/EC states that the presence,
or previous history, of malignant disease, except
for primary basal cell carcinoma, carcinoma in situ
of the uterine cervix and some primary tumours of
the central nervous system that have to be evaluated
according to scientific evidence, is a criterion for ex-
clusion of donors for tissue or cells. This regulatory
requirement must be considered as part of the risk
assessment in decision-making.

Donors with malignant diseases can be eval-
uated and considered for cornea donation (see
Chapter 19), except for retinoblastoma, haematolog-
ical neoplasm and malignant tumours of the ante-
rior segment of the eye. Malignant melanoma with
known metastatic disease also excludes use of ocular
tissue, including avascular cornea. Any vascularised
ocular tissues, such as sclera, limbal tissue or cells
derived from limbal tissue, are not covered by this
exclusion and should be evaluated as discussed above.

5.3.2.4. Exposure to toxic substances

In case of ingestion or exposure to a toxic sub-
stance (e.g. cyanide, lead, mercury, gold, arsenic, pes-
ticides), the quality and safety (due to the presence
of a high level of a toxic substance) of some types of
tissues and cells may be affected and, as a result, can
cause harm to recipients, although if the potential
donor remained well with no evidence of toxicity
in life then the amount of toxin present in donated
tissue products is unlikely to be at a level that will
cause harm in recipients; however, consideration of
the timing of exposure to the toxin in relation to
when donation will take place needs to be assessed.
Exposure to asbestos in the past is a risk for devel-
oping a mesothelioma. In this case a thorough risk
assessment should be performed.

5.3.2.5. Tissue-specific contraindications

Certain medical conditions can adversely
affect specific tissues and cells which, if procured,
processed and made available for human application,
may result in unfavourable outcomes for the recip-
ients of tissue and cells. This risk is evaluated on a
case-by-case basis and for specific tissue types. For
guidance on the specific contraindications for each
tissue and cell type, please refer to the relevant chap-
ters in Part B of this Guide.
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533.  Evaluation of personal and social history

All substances of human origin (SoHO) have
the potential to transmit infections to a recipient. Per-
sonal and social history should be carefully evaluated
to inform donor suitability. Evidence-based donor se-
lection is the first safeguard in minimising the risk of
transmission while not compromising sufficiency of
valuable grafts for clinical use.

The incidence and prevalence of these SoOHO-
related infections varies, depending on different risk
factors [24, 25, 26], and the causes of de novo infection
vary between European regions [24, 27]. The tissue
establishment must consider available evidence from
the epidemiological data on transmissible blood-
borne infections such as HIV, HCV and HBV in the
population, the performance (sensitivity and speci-
ficity) of screening tests used for detecting these in-
fections and the residual risk of undetected infection
that could be potentially transmitted to the recipient.
This residual risk may be the result of one or all of
a number of factors: error in the process, poor assay
sensitivity or a donation collected from a donor in
the infection window period. It is recommended to
adopt an interval of at least twice the window period
since the last ‘at-risk behaviour’ for the length of de-
ferral before donation [24].

It is recommended that a risk-assessment
framework, such as the Alliance of Blood Operators
model [28], is used to systematically analyse the in-
formation and document the decision, based on the
acceptable level of risk tolerance. The outcome of
this systematic approach would provide the basis for
evidence-based donor deferral and acceptance pol-
icies for donors with high-risk behaviours, or who
have sexual partners with high-risk behaviours [29].

Behavioural risk factors
Potential donors should be considered at high
risk if they have participated in any of the following
behaviours or if they have had sexual contact with
persons who have participated in any of the following
behaviours:

a. People who have injected drugs by an intrave-
nous, intramuscular or subcutaneous route for
non-medical reasons;

b. Tattoos, ear piercings, body piercings and/or
acupuncture, which are very popular in some
European countries; usually they are applied by
sterile methods and, in many countries, there
are specific approvals for those establishments.
If tattoos, piercings or acupuncture treatments
were done in approved settings, the donor can
be accepted without temporary deferral, but in
case of doubt the associated risk should be con-

5.3.3.1.
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sidered to be the same as that of non-medical
injections;

Persons who have been newly diagnosed with,
or have been treated for, sexually transmitted
diseases (e.g. syphilis, gonorrhoea, chlamydia
or genital ulcers);

Persons who have had sex in exchange for
money or drugs;

Persons whose sexual behaviour (such as fre-
quent changes of sexual partner; sex under
the influence of drugs, except for cannabis
and sildenafil citrate; or anal sex with a new
partner) puts them at risk of acquiring sexually
transmitted infectious diseases.

In countries where tissue establishments do
not have access to data to perform risk assessment,
a deferral period of 12 months is a safer option after
cessation of the high-risk behaviour or sexual contact.
This may be reduced to 3 months if supported by risk
assessment, considering risks and benefits of the
transplant, together with individual NAT testing and
bacterial screening.

5.3.3.2. Personalrisks, exposure events [6]

Exposure events that increase the risk of ac-
quiring a transmissible disease can occur at any time
during life. They include accidents, certain medical
therapies, occupations and travel to, or residence in,
an area endemic for certain diseases. Examples of ex-
posure events include:

a. persons from a high-risk region for endemic
disease, as well as the risk of vertical transmis-
sion, e.g. HIV1 group O, human T-cell lym-
photropic virus (HTLV1); the Caribbean is, for
example, high-risk for HTLV1;
exposure to someone else’s blood or other
body fluids (such as needlestick injury, human
bite) when that person was known to be in-
fected with HIV, HBV or HCV (or of unknown
status);
sharing a residence with someone who has
HBV or clinically-active HCV;
patients on regular haemodialysis;
people who have been in a lockup, jail, prison
or juvenile correctional facility for more than
72 consecutive hours should be carefully eval-
uated for the risk of high-risk behaviours (see
§5.3.3.1);
history of travel to, origin in or visiting rela-
tives in malaria-endemic areas; the minimum
deferral period recommended for blood donors
in EDQM guidance [27] for all groups of po-
tential donors (visitor, origin/previous resident,
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travel-related illness, history of malaria) is
4 months if the result of a validated malaria an-
tibody assay, performed at least 4 months after
last exposure incident or resolution of symp-
toms, is negative;

history of animal bites should be carefully
evaluated to rule out the possibility of trans-
missible diseases such as rabies.

5.3.3.3. New and emerging diseases

New and emerging diseases, including those
that have spread to a new geographical area, can pose
a significant challenge when screening donors for
risks of communicable disease due to travel history.
Professionals responsible for donor selection should
be vigilant regarding surveillance of changes to the
global movement of infectious-disease risks. Dis-
eases that should be considered include: Middle East
respiratory syndrome (MERS), dengue fever, yellow
fever, malaria, trypanosomiasis, tuberculosis, plague,
chikungunya virus, West Nile virus (WNYV), severe
acute respiratory syndrome-associated coronavirus
(SARS-CoV), Q fever, antibiotic-resistant diseases,
and HIV1 group O, rabies, Ebola virus and Zika virus.
The most recent pandemic in 2020 due to SARS-CoV-2
impacted in an extraordinary way the donor selection
procedure and provision of tissues and cells interna-
tionally. In Europe, regular monitoring of the Rapid
Communication Reports originating from the Euro-
surveillance website [30] is recommended, as well as
actively seeking information to assess the epidemio-
logical status of diseases in the areas where a donor
has lived or travelled [31]. Specific information about
geographic distribution of infectious diseases can be
obtained from the websites of the European Centre
for Disease Prevention and Control (www.ecdc.eu),
the World Health Organization (www.who.int/ith/
en) and the Centers for Disease Control and Preven-
tion in Atlanta (the Yellow Book at wwwnc.cdc.gov/
travel/page/yellowbook-home/).

The risk of transmission of an infectious agent
through procurement of tissues or cells from a
donor who may have visited an affected area should
be balanced against the likelihood of transmission
occurring.

The Guide to the quality and safety of organs for
transplantation (Chapter 8: Risk of transmission of
infectious diseases) [13] provides useful guidance on
assessing the risk of infection transmission through
organ transplantation, based on published evidence
in the literature and national transplant registries.

Regional risks within an affected country can
vary. In cases of recent travel, if the donor remains
well after return or after known contact with someone
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infected, the donor should be deferred for at least
twice the length of the incubation period [25]. If the
donor was infected, they can only be accepted after
full recovery and when the donation is no longer in-
fectious. In cases of community transmission, further
risk assessment is essential, taking into the account
all available scientific and clinical information, miti-
gation factors and any other relevant external factors.
A multidisciplinary approach with involvement of
different stakeholders is required to respond to threat
posed by new and emerging infections.

5.3.4. Relative contraindications

Below are listed the potential risks that have to
be analysed on an individual basis, considering the
potential harm and benefit.

a. Additional contraindications/risks to donation
of tissues and cells for living donors

.pregnancy (except for donors of umbilical
cord blood cells and amniotic membrane, and
sibling donors of haematopoietic progenitor
cells);

.breastfeeding;

.health risks for donors related to specific pro-
cedures.

—

—-

i
ii

—-

b. Organ-transplant recipients

Organ recipients receive immunosuppres-
sive drugs to prevent rejection, but this could
make the serology testing unreliable; moreover,
organ donor-selection criteria are less stringent
than for tissues and cells. This risk should be
assessed on a case-by-case basis, taking into
account the feasibility of performing NAT
testing and the level of immunosuppression in
combination with the possibility of tracing the
medical details of the organ donor.

c. Impact of immuno-suppressive agents in the

donor

Treatment with immuno-suppressive agents
can weaken the immune system and thus
influence the reliability of serological tests
(Chapter 6). Steroid therapy in high doses
causes immunosuppression and may mask
infective and inflammatory conditions that
would otherwise prevent donation (e.g. dona-
tion of umbilical cord blood). Evaluating the
effect of the immuno-suppressive agents on the
haematological parameters (erythrocytes, leu-
kocytes and thrombocytes) can be indicative
for immuno-suppression. NAT testing may be
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helpful in such circumstances. All other medi-
cation of the donor should be always interpreted
by a risk assessment for impact on the tissue,
e.g. chronic use of corticosteroids can affect the
quality of skin and musculoskeletal tissue (see
Part B. Specific requirements for substances of
human origin) and also increase the possibility
of a secondary malignancy.

History of genetic disease

A family history of inherited genetic disease
should be assessed. Where the occurrence of
genetic disease in the family history cannot be
traced/assured, it presents a risk of transmis-
sion of inherited genetic diseases, especially in
non-partner MAR (see Chapter 29). This risk
should also be evaluated in the case of HPC
(Chapter 24) and umbilical blood (Chapter 25)
donors.

Deferred for blood donation for known reason
If it is known that the potential donor was ex-
cluded or deferred from donating blood by a
blood-collection establishment, the specific
reason for the deferral must be discovered, and
the eligibility of the donor is then evaluated on
an individual basis. If the reason is not known,
it may be safer to exclude the donor for tissue
donation.

f. Xenotransplantation

Xenotransplantation is any procedure that in-
volves the transplantation, implantation or
infusion into a human recipient of either (a)
live cells, tissues, or organs from a nonhuman
animal source, or (b) human body fluids, cells,
tissues or organs that have had ex vivo contact
with live nonhuman animal cells, tissues or
organs [32, 33, 34, 35].

Biological products, drugs, or medical devices
sourced from non-human animals that do
not contain living cells, tissues or organs, in-
cluding (but not limited to) porcine insulin,
porcine heart valves, porcine skin and acellular
porcine corneal stroma, and collagen matrices
derived from acellular porcine, bovine or any
other xenogeneic source [36, 37] are not consid-
ered as xenotransplantation.

The main concern with the use of xenotrans-
plantation is the potential infection of recipi-
ents with both recognised and unrecognised
infectious agents and the possible subsequent
transmission to their close contacts and into
the general human population. Moreover, new
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infectious agents may not be readily identifiable
with current methods/tests used for screening.
Therefore, “transplantation with xenografts” is
included as an exclusion criterion for donors
(at $1.1.13 of Annex I) in Directive 2006/17/EC.
Exposure to non-human live animal material
has the potential for cross-species infection
by retroviruses, which may be latent and may
lead to disease years after infection. Infections
that would not normally affect humans such as
porcine endogenous retroviral viruses (PERVs)
that are integrated into the pig genome could
potentially integrate into the host-genome [38,
39, 40] and be transmitted through donated
material. In vitro studies demonstrated trans-
mission of a PERV to a human cell line lacking
the intracellular machinery that protects
against retroviral infection [39, 41]. However,
available data from clinical studies, with a
limited number of patients, did not report any
transmission of pathogens in the recipients
who received porcine cell-based bioartificial
liver transplant or porcine islets [42, 43, 44,
45]. In total, in over 200 individuals who were
exposed to pig cells or tissues or ex vivo perfu-
sion of pig organs or pig cell-based bioreactors,
no transmission has been reported [40, 41]. The
use of animal products with insufficient testing
can result in the transmission of other micro-
bial infections. For example, transmission of
Coxiella burnetti, causing severe Q fever in re-
cipients of intramuscular xenotransplantation
of injected fetal lambs cell extracts, has been
reported [46].

Although the published studies have not
demonstrated a transmission of retroviruses
via clinical xenotransplantation, the risk is dif-
ficult to quantify given the small number of
recipients to date [37, 39], and long-term mon-
itoring is necessary to demonstrate safety. It is
recommended that precautionary donor exclu-
sion is applied if a potential donor had previous
xenotransplantation with living cells, tissues
and organs. The medical device and medic-
inal sectors are regulated by high standards
to achieve stringent quality and safety meas-
ures to mitigate the risk of infectious agents
transmission by biological grafts that contain
non-living cells through selective sourcing of
pre-screened animals, effective collection and
handling, and measures applied for elimina-
tion/inactivation or removal of agents. The
donors who received these biological grafts can
therefore be accepted as tissue and cell donors.

5.4.
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As a precautionary measure, a few countries
have applied a broader interpretation of the
exclusionary term, to also include non-viable
cells or tissues of animal origin utilised in ther-
apeutic products. Tissue establishments should
apply documented systems to justify their
local practices in relation to xenotransplan-
tation products by the evaluation of scientific
evidence, professional standards and national
guidance.

References

Stroncek D, England L. Protecting the health and
safety of cell and tissue donors. ISBT Sci Series 2015
April
VOXS.12150.

Shaw B, Ball L, Beksac M et al. Donor safety: the role
of the WMDA in ensuring the safety of volunteer un-

1;10(Suppli):108-14.  https://doi.org/10.1111/

related donors: clinical and ethical considerations.
Bone Marrow Transplant 2010;45:832-8.

Council of Europe. Recommendation CM/Rec (2020) 6
of the Committee of Ministers to member states on
establishing harmonised measures for the protection
of haematopoietic progenitor cell donors, available at
https://rm.coe.int/o9oo0016809fddsb, accessed 7 July
2022.

O’Donnell P, Pedersen T, Confer D et al. Practice
patterns for evaluation, consent, and care of related
donors and recipients at haematopoietic cell trans-
plantation centres in the United States. Blood 2010;
115(24):5097-101.

Centers for Disease Control and Prevention. The Pink
Book: Immunology and vaccine-preventable diseases,
available at www.cdc.gov/vaccines/pubs/pinkbook/
prinvac.html, accessed 5 April 2022.

JPAC (Joint United Kingdom Blood Transfusion and
Tissue Transplantation Services Professional Advi-
sory Committee). Guidelines for the blood transfusion
services, available at www.transfusionguidelines.org/,
accessed 5 April 2022.

Brubaker SA. Tissue donor screening. McLean VA,
USA: American Association of Tissue Banks; available
at https://citeseerx.ist.psu.edu/viewdoc/download?doi
=10.1.1.737.9153&rep=rep1&type=pdf, accessed 5 April
2022.

Van Wijk M]J, van Geyt C, Laven AB et al. Physical
examination of potential tissue donors: results of a
risk management procedure to identify the critical el-
ements of the physical examination. Cell Tissue Bank
2012;13(4):547-63.

Arber DA, Orazi A, Hasserjian R et al. The 2016 revi-
sion to the World Health Organization classification

of myeloid neoplasms and acute leukemia. Blood 2016;


https://doi.org/10.1111/voxs.12150
https://doi.org/10.1111/voxs.12150
https://rm.coe.int/09000016809fdd5b
http://www.cdc.gov/vaccines/pubs/pinkbook/prinvac.html
http://www.cdc.gov/vaccines/pubs/pinkbook/prinvac.html
http://www.transfusionguidelines.org/
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.737.9153&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.737.9153&rep=rep1&type=pdf

5. DONOR EVALUATION

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

127(20):2391-405 and Blood 2016;128(3):462-3. https:/
doi.org/10.1182/blood-2016-03-643544.

Swerdlow SH, Campo E, Pileri SA et al. The updated
WHO classification of hematological malignancies: the
2016 revision of the World Health Organization clas-
sification of lymphoid neoplasms. Blood 2016;127(20):
2375-90. https://doi.org/10.1182/blood-2016-01-643569.
Tefferi A, Varian JW. Classification and diagnosis of
myeloproliferative neoplasm: the 2008 World Health
Organization criteria and point-of-care diagnosis al-
gorithms. Leukemia 2008;22:14-22.

SaBTO (Advisory Committee on the Safety of
Blood, Tissues and Organs). Transplantation of
organs from deceased donors with cancer or a his-
tory of cancer, independent report (December
2020); available at https://assets.publishing.service.
gov.uk/government/uploads/system/uploads/
attachment_data/file/948068/transplantation_of_
organs_from_deceased_donors_with_cancer_or_a_
history_of_cancer-revised_FINAL44266_JNcw_
cw.pdf, accessed 5 April 2022.

European Directorate for the Quality of Medicines &
HealthCare (EDQM). Guide to the quality and safety
of organs for transplantation, 8th edition. Strasbourg:
Council of Europe, 2022, available at https://freepub.
edqm.eu/publications/PUBSD-88/detail, accessed 18
November 2022.

Louis DN, Perry A, Wesseling P et al. The 2021 WHO
Classification of Tumors of the Central Nervous
System: a summary. Neuro-Oncology;2021:23(8) 1231-
51, available at https://doi.org/10.1093/neuonc/noab106,
accessed 13 June 2022.

Montagne K, Marie B, Cahn V et al. Glioblastome
avec métastases systémiques d’emblée. Ann Pathol.
2004;24(3):268-70.

Takanen S, Bangrazi C, Caiazzo R et al. Multiple bone
metastases from glioblastoma multiforme without
local brain relapse: a case report and review of the lit-
erature. Tumori Sep-Oct 2013;99(5):e237-40.

Birbilis TA, Matis GK, Eleftheriadis SG et al. Spinal
metastasis of glioblastoma multiforme: an uncommon
suspect? Spine (Phila Pa 1976) 2010;35(7):43-5.

Didelot A, Taillandier L, Grignon Y et al. Concomitant
bone marrow metastasis of a glioblastoma multiforme
revealed at the diagnosis. Acta Neurochir (Wien). 2006;
148(9):997-1000.

Bugalho P, Chordo M, Fontoura P. Miliary brain me-
tastases from primary gastric small cell carcinoma:
illustrating the seed and soil hypothesis. ] Neurooncol
2005;73(1):53-6.

Elena A, Melina C, Raffaele N et al. Extraneural
metastases in glioblastoma patients: two cases with
YKL-4o0-positive glioblastomas and a meta-analysis of
the literature. Neurosurg Rev 2016;39(1):37-46.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

101

Goodwin CR, Liang L, Abu-Bonsrah N et al. Extran-
eural glioblastoma multiforme vertebral metastasis.
World Neurosurg 2016;89:578-82.

Miller AK, Young JW, Wilson DJ et al. Transmission
of donor-derived breast carcinoma as a recurrent
mass in a keratolimbal allograft. Cornea 2017 June;
36(6):736-9.

Sepsakos L, Cheung AY, Nerad JA et al. Donor-derived
conjunctival-limbal melanoma after a keratolimbal
allograft. Cornea 2017 Nov;36(11):1415-18.

European Centre for Disease Prevention and Control.
Publications and data, available at www.ecdc.europa.
eu/en/publications-data, accessed 5 April 2022.
Kucirka LM. Risk of window period HIV infection
in high infectious risk donors: systematic review and
meta-analysis. Am ] Transplant 2011 June;11(6):1176-87.
https://doi.org/10.1111/j.1600-6143.2010.03329.X.
Kucirka LM. Risk of window period hepatitis-C infec-
tion in high infectious risk donors: systematic review
and meta-analysis. Am J Transplant 2011 June;11(6):1188-
1200. https://doi.org/10.1111/j.1600-6143.2011.03460.X.
European Directorate for the Quality of Medicine
& HealthCare (EDQM). Guide to the preparation, use
and quality assurance of blood components, 20th edition.
Strasbourg: Council of Europe 2020; available at www.
edgm.eu/en/blood-guide, accessed 5 April 2022.
Blood Risk-based
decision-making framework, available at https://

Alliance  of Operators.
allianceofbloodoperators.org/abo-resources/risk-
based-decision-making/rbdm-framework.aspx,
accessed 5 April 2022.

SaBTO (Advisory Committee on the Safety of Blood,
Tissues and Organs). Blood, tissue and cell donor
selection criteria report. Independent report 2017,
available at www.gov.uk/government/publications/
blood-tissue-and-cell-donor-selection-criteria-
report-2017, accessed 5 April 2022.

Eurosurveillance. New and emerging diseases, avail-
able at www.eurosurveillance.org, accessed 5 April
2022.

European Centre for Disease Prevention and
Control. Rapid risk assessment: Zika virus dis-
ease epidemic, 7th update, available at http://
ecdc.europa.eu/en/publications/_layouts/forms/
Publication_DispForm.aspx?List=4f55ads1-
4aed-4d32-bg60o-af70113dbbgo&ID=1525#sthash.
ypWPenLz.dpuf, accessed 5 April 2022.

Cox MA, Brubaker SA. Interpretive conundrum on
the exclusion criterion of ‘transplantation with xeno-
grafts’ for tissue and cell donation. Cell Tissue Bank
2012;13(2):225-9.

CHMP (Committee for Medicinal Products for
Human Use of the European Medicines Agency).
cell-based medicinal

Guideline on xenogeneic


https://doi.org/10.1182/blood-2016-03-643544
https://doi.org/10.1182/blood-2016-03-643544
https://doi.org/10.1182/blood-2016-01-643569
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/948068/transplantation_of_organs_from_deceased_donors_with_cancer_or_a_history_of_cancer-revised_FINAL44266_JNcw_cw.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/948068/transplantation_of_organs_from_deceased_donors_with_cancer_or_a_history_of_cancer-revised_FINAL44266_JNcw_cw.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/948068/transplantation_of_organs_from_deceased_donors_with_cancer_or_a_history_of_cancer-revised_FINAL44266_JNcw_cw.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/948068/transplantation_of_organs_from_deceased_donors_with_cancer_or_a_history_of_cancer-revised_FINAL44266_JNcw_cw.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/948068/transplantation_of_organs_from_deceased_donors_with_cancer_or_a_history_of_cancer-revised_FINAL44266_JNcw_cw.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/948068/transplantation_of_organs_from_deceased_donors_with_cancer_or_a_history_of_cancer-revised_FINAL44266_JNcw_cw.pdf
https://freepub.edqm.eu/publications/PUBSD-88/detail
https://freepub.edqm.eu/publications/PUBSD-88/detail
https://doi.org/10.1093/neuonc/noab106
http://www.ecdc.europa.eu/en/publications-data
http://www.ecdc.europa.eu/en/publications-data
https://doi.org/10.1111/j.1600-6143.2010.03329.x
https://doi.org/10.1111/j.1600-6143.2011.03460.x
http://www.edqm.eu/en/blood-guide
http://www.edqm.eu/en/blood-guide
https://allianceofbloodoperators.org/abo-resources/risk-based-decision-making/rbdm-framework.aspx
https://allianceofbloodoperators.org/abo-resources/risk-based-decision-making/rbdm-framework.aspx
https://allianceofbloodoperators.org/abo-resources/risk-based-decision-making/rbdm-framework.aspx
http://www.gov.uk/government/publications/blood-tissue-and-cell-donor-selection-criteria-report-2017
http://www.gov.uk/government/publications/blood-tissue-and-cell-donor-selection-criteria-report-2017
http://www.gov.uk/government/publications/blood-tissue-and-cell-donor-selection-criteria-report-2017
http://www.eurosurveillance.org
http://ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&ID=1525#sthash.ypWPenLz.dpuf
http://ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&ID=1525#sthash.ypWPenLz.dpuf
http://ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&ID=1525#sthash.ypWPenLz.dpuf
http://ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&ID=1525#sthash.ypWPenLz.dpuf
http://ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&ID=1525#sthash.ypWPenLz.dpuf

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

34.

35.

36.

37

38.

39.

40.

products, London, 22 October 2009, available at
www.ema.europa.eu/docs/en_GB/document_library/
Scientific_guideline/2009/12/WCs500016936.pdf,  ac-
cessed 5 April 2022.

Nuftield Council on Bioethics. Animal-to-human trans-
plants: the ethics of xenotransplantation, 1996, available
at  https://www.nuffieldbioethics.org/publications/
xenotransplantation, accessed 29 November 2022.
European Commission: Scientific Committee on Me-
dicinal Products and Medical Devices. Opinion on
the state of the art concerning xenotransplantation,
adopted 1 October 2001, available at https://ec.europa.
eu/health/archive/ph_risk/committees/scmp/
documents/out38_en.pdf, accessed 29 November 2022.
Scobie L, Padler-Karavani V, Le Bas-Bernardet S et
al. Long-term IgG response to porcine NeusGc anti-
gens without transmission of PERV in burn patients
treated with porcine skin xenografts. J Immunol. 2013;
191(6):2907-15.

Zhang MC, Liu X, Jin Y ef al. Lamellar keratoplasty
treatment of fungal corneal ulcers with acellular por-
cine corneal stroma. Am J Transplant 2015;15(4):1068-75.
Weiss RA. Infection hazards of xenotransplantation:
retrospect and prospect. Xenotransplantation 2018;
25(4):1-5.

Fishman JA. Infectious disease risks in xenotrans-
plantation. Am J Transplant 2018;18(8):1857-64.

Denner J, Tonjes RR. Infection barriers to successful
xenotransplantation focusing on porcine endogenous
retroviruses. Clin Microbiol Rev 2012;25(2):318-43.

Related material

41.

42.

43.

44.

45.

46.

Denner J, Schuurman HJ, Patience C. The Interna-
tional Xenotransplantation Association consensus
statement on conditions for undertaking clinical trials
of porcine islet products in type 1 diabetes — Chapter s:
Strategies to prevent transmission of porcine endog-
enous retroviruses. Xenotransplantation 2009;16(4):
239-48.

Di Nicuolo G, D’Alessandro A, Andria B ef al. Long-
term absence of porcine endogenous retrovirus
infection in chronically immunosuppressed patients
after treatment with the porcine cell-based Academic
Medical Center bioartificial liver. Xenotransplantation
2010517(6):431-9.

Valdes-Gonzalez R, Dorantes LM, Bracho-Blanchet E
et al. No evidence of porcine endogenous retrovirus in
patients with Type 1 Diabetes after long-term porcine
islet xenotransplantation. ] Med Virol 2010;82:331-4.
Morozov VA, Wynyard S, Matsumoto S ef al. No
PERV transmission during a clinical trial of pig islet
cell transplantation. Virus Res 2017;227:34-40.

Irgang M, Sauer IM, Karlas A et al. Porcine endog-
enous retroviruses: no infection in patients treated
with a bioreactor based on porcine liver cells. J Clin
Virol 2003;28(2):141-54.

CBER FDA. Source animal, product, preclinical, and
clinical issues concerning the use of xenotransplan-
tation products in humans; guidance for industry.
Xenotransplantation 2016;23(6):1-64.

Appendix 14 - Medical and social history questionnaire (NHS, UK)

Appendix 15 - Physical assessment form (Dutch Transplant Foundation)

Appendix 16 - Evaluation of pigmented skin lesions

Appendix 17 - Evaluation of malignancies for risk assessment in tissue and cell donors

102


http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/12/WC500016936.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/12/WC500016936.pdf
https://www.nuffieldbioethics.org/publications/xenotransplantation
https://www.nuffieldbioethics.org/publications/xenotransplantation
https: //ec.europa.eu/health/archive/ph_risk/committees/scmp/documents/out38_en.pdf
https: //ec.europa.eu/health/archive/ph_risk/committees/scmp/documents/out38_en.pdf
https: //ec.europa.eu/health/archive/ph_risk/committees/scmp/documents/out38_en.pdf

Chapter 6. Donor testing — markers for infectious diseases

6.1. Introduction
Use of tissues and cells for human application can
result in unintentional transmission of infection
or disease from a donor to the recipients. However,
such events can be minimised by scrupulous eval-
uation of donors, including laboratory testing of
each donor close to the time of donation in accord-
ance with established good practice. The risk can be
reduced substantially by appropriate donor sample
testing, but adequate controls must be in place to
ensure that test results are accurate and reliable. Ade-
quate controls include:

a. ensuring that the screening programme in-
cludes relevant infectious diseases (related to
behaviours and travels, if any) and their appro-
priate individual screening target(s);

b. selecting a suitable testing laboratory, which
should be qualified to perform screening tests
for cell and tissue donors;

c. ensuring that donor blood samples are labelled,
handled and stored appropriately and that the
time interval between collection and testing
meets the sample requirements of the test kit;

d. use of Conformité Européenne (CE)-marked
tests or, when CE-marked tests are not avail-
able, appropriately validated in-house tests for
infectious diseases;

e. providing well-written standard operating pro-
cedures (SOPs) and training for all personnel
involved in collection and labelling of donor
samples, for sample storage and transport, and
for technical staff carrying out testing and re-
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porting results, as well as for those receiving
and interpreting them.

These are fundamental elements of a tissue
establishment’s quality system, and any laboratory
undertaking tissue-donor testing must ensure that
the most appropriate technology for this activity is
used, including selecting test kits that demonstrate
high clinical and analytical sensitivity and specificity.
If the tests are performed by an external laboratory a
service-level agreement between this laboratory and
the tissue establishment is mandatory.

6.2.

issue establishments must ensure that donor

blood samples (or other analytes) from all dona-
tions of human tissues and cells are subjected to bio-
logical tests mandated by national or other applicable
legislation, or by a specific situation such as travel. In
EU member states, Annex II of Directive 2006/17/EC,
amended by Directive 2012/39/EU, specifies manda-
tory laboratory tests and general testing require-
ments for living and deceased donors of tissues and
cells, and requires that any such laboratory and its
tests must be accredited, designated, licensed and/or
authorised by the competent authority.

SOPs that define the criteria for acceptance
or rejection of tissues and cells based on those test
results must be in place. The Responsible Person (RP)
who will interpret test results should be knowledge-
able about the accuracy of the infectious-disease test
and the interpretation of the test results, and deci-
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sions must meet the expectations in regulations or, if
regulations are not prescriptive, follow professional
standards of practice [1] or the European Centre for
Disease Prevention and Control (ECDC) SoHO risk
assessments when they are available. In EU member
states the RP is defined by Article 17 of Directive
2004/23/EC.

Documented measures must be taken by tissue
establishments that receive tissues or cells from
another country or distribute tissue or cells to another
country to ensure that the donor-testing require-
ments of the destination country are met. Evidence
should also be available to show that any laboratory
involved in testing of donor samples has been accred-
ited, designated, licensed and/or authorised by the
appropriate authority to carry out such testing.

6.3.

Manufacturers of assays for infectious-disease
testing provide specific sample requirements
for which their assays have been validated. Personnel
of procurement organisations and tissue establish-
ments involved in collecting, transporting (having
particular regard to packaging, temperature, dura-
tion), storing or testing donor samples must be aware
of these requirements to ensure optimal assay per-
formance. If inadequate or otherwise compromised
samples are provided to the laboratory and tested, the
results may not be valid, and unreliable test results
increase the risk of donor-related transmission of in-
fectious pathogens.

Shipment conditions should be validated to
avoid degradation of the quality of the test sample.
Donor-related conditions that could affect the quality
of a test specimen must also be taken into account.
Infectious-disease test results may be invalidated by
haemodilution if the extent of any dilution is such
that it may dilute any screening target present to a
level below that which is detectable by the assay(s)
used. Therefore, in cases where haemodilution is
known to have occurred, ideally pre-transfusion/
infusion samples should be obtained for testing pur-
poses (see §6.3.2).

Haemolysis may also affect test results. Haemol-
ysis is the destruction of red blood cells in whole
blood that discolours the plasma or serum, and it is
noticeable after centrifuging the tube. Depending on
the degree (severity) of haemolysis, the colour of the
serum or plasma may be orange to red. This darker
colour can promote a higher density reading by the
optical component of test equipment, leading to a
false positive test result. Haemolysis may be caused
by rapid collection of blood through a small-bore

Quality of donor samples

needle, or by improper sample storage or transport,
such as allowing the tube of whole blood to freeze
prior to testing. Other causes, besides the haemol-
ysis that occurs regularly after death, can be donor-
derived and include an infection, a toxin, medication
or autoimmune haemolytic anaemia, and haemolysis
can occur after haemodialysis or after a haemolytic
transfusion reaction.

Although serology tests must be used, detec-
tion of antibodies against pathogens can be impaired
if the donor has received immunosuppressive treat-
ment prior to sample collection or when the donor
has received blood products containing antibodies
against certain microbiological agents (e.g. Epstein-
Barr virus, Cytomegalovirus, Toxoplasma or hepa-
titis B (HBs/HBc) antibodies). Immunosuppressive
treatment may lead to false-negative results, and
passive transfer of antibodies present in validated
and authorised labile blood products may lead to
false-positive results. Adding molecular screening
tests (i.e. nucleic acid amplification technique/NAT)
can be valuable because detection of viral nucleic acid
in blood samples is generally not affected by immu-
nosuppressive therapy [2]. The underlying condition
requiring immunosuppression will demand further
assessment because the disease/condition in itself
may constitute an independent reason for deter-
mining that the donor is not eligible. If any of these
donor-related conditions exist, they must be docu-
mented in the donor record and evaluated by an RP
before release of tissues or cells for clinical applica-
tion. In the second situation, pre-transfusion/infu-
sion samples should be used.

Additionally, false-negative results can occur in
other scenarios, including haemodilution, incorrect
sampling or inappropriate test quality.

6.3.1. Sample collection (sample type, tubes,
labelling, time limits and handling)

All personnel involved in any stage of the
testing process must be fully trained. Testing is often
carried out on plasma or serum of the donor ac-
cording to the specification laid out by the manufac-
turer of the test kit. However, sometimes testing can
be performed on other fluids or secretions, e.g. urine,
seminal fluid, respiratory swabs or sperm, when the
assays have been specifically validated for use with
that sample type. In the case of a neonatal donor (i.e.
age <1 month), the required tests should be carried
out using a blood sample from the donor’s birth
mother. Another important consideration is that,
during the first 18 months of life, a child’s immune
system is only in development and protective anti-
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bodies may not yet have been produced against an
infection, thereby increasing the risk of hidden infec-
tions in child donors (see §6.5.1).

The test manufacturer’s instructions on donor
sample collection and testing must be followed with
regard to:

a. the type of sample collection tube (no anti-
coagulant or a specific anti-coagulant) re-
quired for the test being carried out;

b. sample storage and transport conditions
post-collection, which can include centrifuga-
tion and/or separation within time limits or
specimen refrigeration/freezing; and

c. testing required to be carried out within a spec-
ified timeframe post-collection.

To ensure traceability at each stage of the
testing process, all donor samples must be identified
with a permanently affixed label that contains infor-
mation or references that link the sample and the
laboratory test results to the donor (see Chapter 15
and Chapter 16). The date and time when the sample
was drawn must be accurately documented. Unless a
unique codification system is used, at least two donor
identifiers, such as the donor’s full name, date of birth,
medical record number or other unique identifier,
should be used. In the case of a sample from a donor
(deceased or living), the label or associated documen-
tation should also include some identification of the
person who collected it and a description of the site
on the donor’s body the sample was taken from (e.g.
cephalic vein, femoral artery, subclavian artery, supe-
rior vena cava) and, in the case of deceased donation,
if the sample was extracted pre or post mortem. If any
donor blood samples were drawn before death, they
can be assessed for use (see §6.3.1.1), but there must be
assurance that the patient identifier (i.e., appropriate
labelling) used for any such specimen is confirmed as
coming from the donor so mix-ups do not occur (i.e.
to avoid carrying out testing for critical communi-
cable diseases on the wrong person) [3]. Other donor-
identification methods can be used, if validated, to
ensure traceability [4].

Specimens of blood, serum or plasma from the
same donor must not be mixed together for testing,
whether collected at the same time or at a different
time.

An adequate volume of whole blood must be
collected, because otherwise the quantity of serum
or plasma after centrifugation may not be sufficient
to undertake all of the required tests for infectious
diseases, or for any further investigations that may
be required. The volume of blood required will be
dependent upon the minimum requirements of the
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testing laboratories as well as the sample require-
ments of each test kit, and these parameters should
be known and verified before blood collection. More-
over, in some cases more than one sample might be
needed, notably when samples have to be managed
by different laboratories. Indeed, laboratories respon-
sible for routine virus testing may be different from
the ones responsible for parasite testing, e.g. plasmo-
dium, or from the ones responsible for non-routine
viruses testing, e.g. arboviruses. In such cases the
primary samples could be aliquoted, unambiguously
labelled (ideally with a fully automated aliquoting
device) and divided between the laboratories. Other
considerations could include a donor with a high
haematocrit (which could necessitate collection of
extra tubes) and a donor who took (or was given)
anti-coagulant medication (fibrin clots may appear in
the serum after centrifugation and cause a reduction
in the volume of testable serum). However, in the case
of a living donor, care should be taken not to collect
an unnecessarily large volume of blood because an
adverse clinical event could result.

Proper handling of any donor blood sample
after it is collected is necessary to ensure that testing
protocols can meet the required specifications. For
example, when a blood sample is collected in a tube
containing an anti-coagulant, this liquid or powder
requires that a completely filled tube be gently mixed
by slowly inverting the tube 5 to 10 times immediately
after collection [5].

After collection, specimen handling by per-
sonnel can include centrifugation and/or separation
of the serum or plasma from red cells within spe-
cific time limits. In addition, specimen storage and/
or transport conditions can involve refrigerating or
freezing the plasma or serum aliquot. Specific in-
structions from the test kit manufacturer should be
followed and can differ between tests [3]. In all cases,
qualified transport containers and validated ship-
ping conditions should be used when sending donor
samples to a testing laboratory.

The facility receiving any donor sample for
testing should have an SOP in place to define the cri-
teria for acceptance or rejection of the sample, based
on collection, storage and transport conditions. The
testing facility should document acceptance or re-
jection of the sample and should share this sample
status in a timely manner with an RP at the procure-
ment organisation or tissue establishment.

Deceased donor
In the case of a deceased donor, blood samples
must have been obtained just before cardiocircu-
latory arrest or, if this was not possible, the time of

6.3.1.1.
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sampling must be as soon as possible after death, and
in any case within 24 h after death.

It is important to collect blood samples without
untoward delay after death to avoid sample charac-
teristics that could cause a non-specific test result
(e.g. partial haemolysis) or that could lead to its rejec-
tion for testing (e.g. complete haemolysis). Delays in
donor sampling have been shown to increase the in-
cidence of red cell haemolysis, and other substances
can appear in non-circulating blood due to growth of
micro-organisms and release of enzymes (including
by-products of tissue and cell death) [3].

There is some evidence that blood samples col-
lected more than 24 hours after cardiocirculatory
arrest can yield valid results; however, it is essential
that all infectious disease testing kits used to analyse
these samples are validated for use under these cir-
cumstances [5, 6, 7, 8, 9]; see also Appendix 19. These
practices must be controlled by national regulations.

6.3.1.2. Living donor

In the case of living donors, blood sampling
must be obtained at the time of donation or, if this is
not possible, within 7 days before or 7 days after do-
nation. However, for practical reasons, collection of a
sample from an allogeneic bone-marrow stem cell or
peripheral blood stem-cell donor must occur within
30 days before donation (taking into account that re-
testing at the time of donation will be informative),
but before reaching a point-of-no-return when irre-
versible measures for preconditioning of the recipient
have been initiated. If tissues and cells of allogeneic
living donors can be stored for long periods before
use, repeat sampling and testing is required after
180 days, unless specific exemption criteria are met.
(See §6.5.2; see also Chapter 20; Chapter 28).

6.3.2. Haemodilution assessment

When possible, a donor blood sample collected
before administration of any transfusions and infu-
sions should be used for testing purposes.

If a donor has recently received transfusions
of blood or blood components, or infusions of col-
loids or crystalloids, and has lost blood, any testing
of donor blood collected post-transfusion or post-
infusion may not be valid due to haemodilution or
plasma dilution of the donor’s blood and, thus, of
any samples taken from the donor. Assessment of
the extent of any haemodilution includes the use of
a formula to calculate dilution of the donor’s orig-
inal circulating blood volume (and circulating levels
of antigen and/or antibody, if present) and should
be done by the physician in charge or the transplant

co-ordinator. Current practice in a number of coun-
tries is to consider 50 % calculated haemodilution to
be the maximum allowable with minimal risk of a
false-negative test result arising because of the hae-
modilution. Further possibilities for calculating hae-
madilution have been developed taking into account
different physiological conditions [10]. These calcula-
tions should only be used after extensive studies and
in compliance with the specifications of the algo-
rithm presented here.

Examples of when a haemodilution calculation
may need to be carried out include:

o ante mortem blood sample collection: if blood,
blood components and/or colloids were ad-
ministered in the 48 h preceding blood sam-
pling, or if crystalloids were infused in the hour
preceding blood sampling;

o post mortem blood sample collection: if blood,
blood components and/or colloids were ad-
ministered in the 48 h preceding death (circu-
latory arrest), or if crystalloids were infused in
the hour preceding death (circulatory arrest).

Refer to Appendix 18 for an example of a com-
monly used formula to assess the donor’s potential
haemodilution or plasma dilution that can be applied
when the donor received any fluids that may lead to
haemodilution. Adaptations of the algorithms may be
needed for body sizes outside the normal adult range.
Allowances may need to be made for a very large or a
very small adult donor, or a paediatric donor. In brief,
a donor’s total plasma volume (TPV) and total blood
volume (TBV) are estimated by calculations based on
the donor’s body weight, then direct comparisons are
made to amounts of recent transfusions and/or infu-
sions that were administered before circulatory arrest
or before collection of the blood sample, whichever
occurs first [3]. In summary:

a. estimate TPV of donor (weight in kg x 40 mL/

kg; or, weight in kg + 0.025);

b. estimate TBV of donor (weight in kg x 70 mL/

kg; or, weight in kg + 0.015);

c. calculate total blood (mL) received in the last

48h (A);

d. calculate colloids (mL) received in last 48 h (B);
e. calculate crystalloids (mL) received in the last

1h (C);

f add b + c and compare to TPV (fluid volumes
are compared);

g adda+ b+ cand compare to TBV (mass/fluid
volumes are compared);

h. does either comparison show >50 % dilution?

If not, the blood sample qualifies and can be

used for testing for infectious diseases.
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Although not normal practice, a tissue estab-
lishment may accept tissues and cells from a donor
with plasma dilution of >50 %, but only if each re-
quired test has been validated appropriately for use
with a diluted test specimen. In such cases, to help
reduce risk, additional testing should also be per-
formed using molecular tests (i.e. NAT) for human
immunodeficiency virus (HIV), hepatitis B virus
(HBV) and hepatitis C virus (HCV), and possibly for
other viruses, depending on the donor’s travel history,
underlying disease or other factors.

The blood collected can also be diluted if the
specimen is drawn in close proximity to an infusion or
transfusion intravenous line, even if the donor is not
actually haemodiluted or plasma-diluted. Samples
should be drawn from the opposite side of the body
in relation to the site of any infusion/transfusion.

Furthermore, in theory, a transfusion shortly
before the donation could result in transmission of
infectious agents to the donor.

6.4. Testing laboratories

To meet quality and safety requirements, all
testing of infectious diseases for deceased and
living donors must be carried out by laboratories
that are accredited, designated, authorised and/or
licensed for these activities according to the regula-
tions set by the relevant Health Authority. Such lab-
oratories will have the knowledge, skills, resources
and competence required for testing blood samples
from tissue donors, and should use appropriate algo-
rithms to ensure that their testing procedures have
maximum sensitivity without loss of specificity. They
should also participate in relevant external quality
assessment schemes (proficiency testing) and be
subject to regular internal and external audits.

If additional biological assays are carried out,
the laboratory used should be accredited, designated,
authorised and/or licensed and should participate
in an appropriate external quality-assessment pro-
gramme [11]. (See §6.5.1 and Chapter 3.)

Tissue establishments can undertake these
testing protocols themselves or must have a written
agreement with any laboratory that carries out these
tests [12]. Tissue establishments should evaluate and
select a testing laboratory on the basis of its ability to
generate reliable and appropriate results, and to keep
relevant records. In addition the testing laboratory
should comply with regulatory requirements and any
other specific expectations of the tissue establishment
(e.g. time-sensitive availability of test results, record
retention). The tissue establishment should ensure by

means of a service-level agreement that the labora-
tory is competent to perform this work and is using
appropriate assays and procedures. There should be
evidence that good practice is being followed and that
personnel are appropriately trained and experienced
in relevant testing procedures. The obligation of the
laboratory to notify the tissue establishment when
deviations occur is mandatory. To ensure a consistent
level of competence and performance, audits of the
testing laboratory(ies) should be undertaken peri-
odically by the tissue establishment or by qualified
external experts as part of the tissue establishment’s
quality system.

In addition, test records at the laboratory
should be retained for 10 years at least and should
include sample data, laboratory results, reference
values and acceptance criteria. See Chapter 2 and
Chapter 16.

6.5. Tests to be carried out

he donor-screening assays selected must be val-

idated or verified and used in accordance with
current scientific knowledge. The use of the latest
generation of tests leads in general to a shortened se-
rological window period and the latest tests should be
used, if available [13, 14, 15].

Where appropriate, all assays used for donor
testing within the EU should be CE-marked (see
Appendix 19). Most of the major international man-
ufacturers of donor-screening assays provide CE-
marked assays and systems, and in some cases the
manufacturers have undertaken validation work with
samples from deceased persons. Where such data are
not provided, laboratories performing this work will
be expected either to have validated the assays for this
purpose themselves or to verify the assay in accord-
ance with other available peer-reviewed data [16, 17].

6.5.1. Mandatory tests

Mandatory serological tests for HBV, HCV,
HIV and Treponema pallidum are listed below; addi-
tional molecular assays can be carried out to confirm
a putative infection. All assays must be carried out in
serum and/or plasma samples of the donor according
to the manufacturer’s instructions [3]. Though this
may depend on the laws of the relevant country, it is
better to test individual samples, not pooled samples.
However, for some tissue and cells it is more accurate
to test on other test samples (e.g. sperm after washing)
which could provide additional relevant information.
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a. Human immunodeficiency virus type 1 and 2

(see Appendix 21) [18]

A 4th or sth generation assay including detec-
tion of anti-HIV-1/2 antibodies plus HIV-1 p24
antigen is strongly recommended. If a 3rd gen-
eration test is used, an HIV-1 RNA test (qual-
itative or quantitative) has to be performed
additionally to exclude an HIV-1 infection. It
is recommended that the HIV-1 RNA assay
should be able to detect soIU/mL or lower.
Samples with initially reactive (i.e. weak reac-
tive or borderline) serological screening results
can be re-tested in duplicate using the same
assay. If the results are negative the donated
tissues can be released. Samples that are re-
peatedly reactive in a screening assay can be re-
tested using an alternative certified serological
assay of equal or greater sensitivity. Donations
that are non-reactive in the alternative assay
and negative for HIV-1 RNA can be considered
suitable for clinical use. If an HIV-1 RNA test
is performed and the result is reactive, inde-
pendently of the serology result, the donations
cannot be considered suitable for clinical use.

b. Hepatitis B virus (see Appendix 23) [18]

HBV surface antigen (HBsAg) and total anti-
bodies to HBV core antigen (anti-HBc). HBsAg
must be negative. If anti-HBc is ‘reactive’, an
additional determination of a highly sensi-
tive HBV-DNA method must be performed
(£30IU/mL detection limit; it is recommended
to use the most sensitive test); but haemodi-
lution may influence the limit of detection. If
anti-HBc is positive and HBsAgand HBV-NAT
is negative, the donated tissues can be released.
HBV-DNA positivity reflects potential infec-
tivity, also in cases of occult HBV infections,
and leads to a discard of the donated tissues.

c. Hepatitis C virus (see Appendix 22) [18]
The screening for an HCV infection is based
on detection of anti-HCV antibodies. But
combined assays like the assays for HIV are
not commercially available at present, and
the performance of HCV-antigen assays is
not yet sufficient to exclude an early infection.
Presence of anti-HCV may indicate an acute,
chronic or past infection. Furthermore, the
pre-seroconversion window phase takes several
weeks; thus, an HCV-RNA assay is strongly
recommended to exclude active HCV infection.
It is recommended that the sensitivity limit for
the HCV-RNA assay should be <50 IU/mL. An

anti-HCV-positive and RNA-negative result,
which is indicative of a non-specific reaction
or a past infection (confirmed from the donor’s
medical history, i.e. type and duration of HCV
treatment and serology), needs to be confirmed
by immunoblot analysis. If the result of the
HCV immunoblot is negative or indeterminate
(anti-HCV false-positive result) the donated
tissues can be released.

In the case of an HCV immunoblot positive
result (confirmed positive anti-HCV result),
it is only with a record of two negative HCV
RNA results six months apart as evidence for
a finished successful HCV treatment under
medical supervision, together with a negative
HCV-RNA test on the donor sample, that the
donated tissues can be released for clinical use.

d. Treponema pallidum

In the serological diagnosis of syphilis, a tre-
ponemal screening test should be used, e.g.
T. pallidum haemagglutination (TPHA) test,
the T. pallidum particle agglutination (TPPA)
test, treponemal enzyme immuno-assays (EIA)
or chemiluminescence immuno-assays (CLIA).
If the screening test is reactive, the results
should be confirmed by means of a second
treponemal test based on a different analytical
method (see Appendix 20). Alternatively, an
approved non-treponemal screening assay may
be used to screen donors. Reactive samples can
be re-tested using a treponemal-specific assay.
Donations that are non-reactive in that assay
can be considered suitable for clinical use.

Testing for HTLV-I antibodies must be per-
formed for donors living in high-prevalence areas.
Likewise, testing is necessary if the donor themselves,
the donor’s parents or the sexual partners originate
from such areas [19]. Reactive screening results need
to be confirmed by immunoblot analysis and/or spe-
cific NAT.

If a child donor is 18 months old or younger,
or has been breastfed in the 12 months before death,
the birth mother should be evaluated for risks asso-
ciated with HIV, HBV, HCV, HTLV and Treponema
pallidum. In the case of a neonatal donor (i.e. age
<1 month), the required tests should be carried out
using both, a blood sample from the donor’s birth
mother and one from the newborn. IgG antibodies in
the newborn blood sample are likely to be maternal;
therefore, testing for anti-HIV, anti-HCV and anti-
HBc is not suggested in the newborn. However, if a
maternal infection or another exposure event is sus-
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pected, additional testing for HBs antigen and HIV-1
RNA, HBV-DNA and HCV-RNA in the newborn
sample should be performed, to exclude a congen-
ital or postnatal infection. In the very rare case of a
treated HIV infection in the mother, testing for pres-
ence of active HIV-1 infection in the newborn must
be carried out (HIV-1 cDNA).

In addition, special screening considerations
are applicable to other paediatric donors and addi-
tional testing for communicable diseases (e.g. Covid-
19, Zika virus infection, malaria or Chagas disease)
may be indicated. Special attention needs to be paid
to putative infections while maternal antibodies may
still be detectable (up to the first 18 months of life).

6.5.2. Additional tests

It is well recognised that NAT assays for HIV,
HBV and HCV reduce the risk of inadvertent disease
transmission due to the substantial decrease in
window period when compared with routine sero-
logical tests [14, 15, 20, 21].

Because NAT assays are more sensitive, serious
consideration should be given to carrying out NAT
tests for HIV, HBV and HCV in addition to serolog-
ical tests. Considerations that support the use of NAT
assays for each donor screening include the following:

a. 'The medical and behavioural history obtained
from a third party such as a partner, parent, rel-
ative, friend or a legal guardian for a deceased
donor can be less reliable than collecting this
information from a living donor.

b. There is a risk that recent exposure to HIV,
HBV and HCV (several days prior to death)
might not be detected by serological (antibody)
assays as they have not developed sufficient an-
tibody response against the specific virus.

c. If the donation includes multiple tissue types
and it results in a large number of tissue grafts
to be made available for many recipients, the
potential risk is increased if the viral tests se-
lected cannot detect early infection in a donor.

d. The molecular methods used for the screening
have to meet the requirements of each indi-
vidual pathogen. Haemodilution (see $6.3.2)
especially has to be scoped. In cases of acute
or untreated chronic infections, viral loads are
usuallyin arange where haemodilution may not
cause false-negative results. But, if low-level vi-
raemia is expected, for instance in occult HBV
infections, the NAT method must be as sensi-
tive as possible (currently <30 IU/mL). Tissue
from a donor with suspected occult HBV infec-
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tion [20, 21] and haemodilution might not be
considered to be safe.

e. Molecular assays from deceased donors should
be performed in individual samples (see
current legislation of each country), not in
pooled samples. Some of these NAT assays are
combination tests that can detect HIV, HCV
and HBV from a single blood specimen in one
run (triplex assays), thus improving the feasi-
bility of routine NAT for donor screening. (In
the case of samples from living donors, the
pooling could be accepted if the national re-
quirements for the comparable NAT testing of
blood donors are fulfilled.)

Any risk factors in donors associated with
high-prevalence areas for specific infections/diseases
must be considered carefully. Scientific evidence for
risk factors for certain diseases is provided by ECDC
[17], which regularly publishes risk assessments
and maps that can be helpful, notably for emerging
diseases.

Additional testing may be considered (de-
pending on the donor’s history and/or the character-
istics of the tissues or cells donated):

« antibodies to Cytomegalovirus, Epstein-Barr
virus, Coxiella burnetii and Toxoplasma gondii
might be relevant for donor-recipient risk
stratification;

o hepatitis E virus RNA (i.e. NAT).

Depending on factors like individual travel
history and specific current or past clinical abnor-
malities of the donor as well as the epidemiological
situation, the decision can be made to carry out
other optional tests, which can include screening for
tropical infections such as malaria, trypanosomiasis,
strongyloidiasis, schistosomiasis and viral infections
such as West Nile virus and Zika virus. The need to
perform such assays, or others, must be examined on
a case-by-case basis. In the case of paediatric donors,
such infections must be reviewed for their impact in
mother-to-child transmission.

Results of blood culture tests can be very useful
tools to aid in the determination of bacteraemia in a
donor of tissues and/or cells (see Chapter 11).

Re-tests of samples from living donors
(allogeneic use)

6.5.3.

Repeat sampling and serology testing is re-
quired after 180 days, unless any of the following spe-
cific exemption criteria are met:

a. if samples from a living donor undergo se-
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rology testing and are also tested by molecular
tests — (i.e. NAT) for HIV, HBV and HCV. NAT
is recommended because it can increase sensi-
tivity in the detection of recently acquired in-
fections. Molecular testing of all donors using
this technology is highly recommended as
standard practice;

b. if the tissue/cells come from a living donor and
have been processed using an inactivation step
that has been validated for the pathogens con-
cerned;

c. if the tissue/cells come from a living donor and
will not be stored longer than 180 days prior to
use.

Test-kit assays for infectious-disease markers
are typically optimised for testing a sample from a
living donor. For living donors, initial infectious-
disease testing is carried out at the time of donation
or, when this is not possible, within 7 days of the dona-
tion. In the case of bone marrow and peripheral blood
stem-cell collection, blood samples must be drawn
for testing <30 days before donation. Minimum
testing requirements are the same as for deceased
donors. More tests could be indicated because there
may be unique risks of infectious disease pertinent
to a profoundly immunosuppressed recipient of bone
marrow or of similar types of haematopoietic allo-
graft [18, 22].

For testing individuals involved in medically
assisted reproduction (MAR), see Chapter 29.

6.5.4. Testing of autologous samples

For autologous donors, if the removed tissues
or cells are stored or cultured, they must undergo the
same serological tests as for allogeneic donors before
they can be transplanted back into the donor. If an
autologous donor’s blood sample has not been appro-
priately tested or if a test is indicative for a relevant
infectious disease, this will not necessarily prevent
the tissues or cells, or any product derived from them,
from being stored, processed and re-implanted in the
autologous donor; but this is only true if appropriate
storage can provide isolation/segregation to ensure
there is:

o no risk of cross-contamination with stored
allografts;

o no risk of contamination with adventitious
agents;

« avoidance of mix-ups due to misidentification

(see Chapter 15 and Chapter 16).

Additionally, testing of autologous donors is

useful to reduce the risk of transmission of potential
infectious agents to staff and into facilities.

SOPs based on risk analyses should be in place
to define the criteria for acceptance and rejection for
contaminated autologous tissues and cells, or if the
autologous donor has not been tested for infectious
diseases (see Chapter 2).

6.6. Reporting and

documentation of test results

Tissues and cells must be held in ‘quarantine’ until
such time as requirements relating to donor
testing have been completed. With this in mind,
donor infectious-disease testing should be carried out
and reported without delay. Reporting methods must
be used that link the donor’s unique identifier to the
test results, while also keeping the donor anonymous
to third parties. Data-security measures are required,
as well as safeguards against any unauthorised addi-
tions, deletions or modifications to donor test results.
There must be no disclosure of infectious-disease test
results to unauthorised persons.

Arrangements between the testing laboratory
and the tissue establishment, or the clinical team
responsible for use of the donated tissues or cells,
should include agreed methods for the reporting of
test results to ensure that mix-ups are avoided and
to prevent misinformation. Laboratories and tissue
establishments should have policies relating to the
management of test results from a donor that may
be pertinent to family members and other contacts
of the donor or that have implications for them and
public health.

Reporting procedures should ensure that ac-
curate, rapid and verifiable results are provided. In
addition, there should be a system in place to ensure
prompt alerts using an immediate notification system
when an indicative test result for an infectious disease
occurs. Other precautionary measures in reporting
may include [23] the following:

a. where manual systems are still used (although
they are not recommended), analysis reports
should be cross-checked to ensure that the
transcription of test results has been confirmed
by two independent assessors (the ‘four eyes
principle’);

b. using computerised procedures for the transfer
of test results from laboratory equipment to
the laboratory data-processing management
system (e.g. medical records) to eliminate the
need for manual transcription of data or oral
information;
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c. using clearly interpretable, computerised
graphic symbols to highlight pathologic results;

d. recording (semi)quantitative values (e.g. titre,
IU/mL) of antibodies and/or the related posi-
tivity threshold next to the viral negative/pos-
itive result;

e. recording the number of copies/mL, if appli-
cable (or, preferably, IU/mL) of nucleic acid
measurement as well as (for gPCR systems) the
linear range of the assay (if qualitative PCRs
are used, then semiquantitative values should
be recorded, e.g. Ct-Values, Cp-Values);

f using formal laboratory reporting structures
and accreditation or certification pathways to
improve quality standards;

g using widely recognised international units of
measurement;

h. mentioning systematically the name of the kit
used (or making available on demand the data
of the diagnostic assays, e.g. name, manufac-
turer).

6.7.

f there are no national requirements, a

risk-analysis-based decision based on the type
of tissue/cell and the type of donor (autologous, al-
logeneic, living, deceased, multiorgan) should be
performed to decide if, and for how long, archived
samples must be retained. A storage time of at least
1year after the distribution of the last tissue from the
donor is recommended. In some countries, archiving
donor samples may be required.

Archived samples may be used for several pur-
poses: look-back testing involving a new infectious
agent, development of more accurate or new tests, or
if investigating a report of a serious adverse reaction
in a recipient of tissues or cells. If these samples are to
be used for research and development purposes, this
must be covered by the donor’s consent.

A documented risk assessment, approved by
the tissue establishment’s RP, should be carried out
to determine the fate of all stored tissues and cells
following the introduction of any new donor test that
could reasonably be considered to affect safety or
quality (see Chapter 3).

Archived samples
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Chapter 7. Procurement

7.1.  Introduction

o ensure high standards of quality and safety
during the procurement process for tissues and
cells, it is recommended that a quality system be in
place in the procurement organisation or the tissue
establishment (TE) undertaking the process. This
quality system must guarantee adequate training
of all personnel involved, as well as documented
standard operating procedures (SOPs) covering all
stages of the process. Procurement professionals
should take measures to ensure that appropriate
safety and quality conditions are in place.

Procurement of human tissues or cells must
take place only in authorised institutions, after donor
consent/authorisation requirements have been satis-
fied, as described in Chapter 4.

Chapter 2 sets out the requirements about the
personnel, facilities, equipment, materials, proce-
dures and documentation that should be applied
when considering the quality and safety of tissues
and cells for human application. After procurement,
tissues and cells must be identified, packaged and
labelled correctly (see Chapter15) and then trans-
ported to the TE for processing, or to the clinical
team for direct use, in accordance with established
requirements.

Procurement protocols must be appropriate
to the type of donor (deceased or living) and tissue
to be procured [1]. They should consider relevant
risk factors that may impact the quality of procured
tissues and, for living donors, also the safety of the
donor. Deceased donation of tissues or cells can also

113

occur after organ donation, and in those cases aseptic
technique needs to be ensured throughout the whole
procedure, including during organ procurement. If
more than one tissue is to be procured from a single
deceased donor, procurement may be performed by a
multi-tissue team or by different tissue-specific teams.

7.2. Personnel

P rocurement activities must be undertaken by per-
sonnel with appropriate qualifications, training,
expertise and experience [2-7]. This includes suc-
cessful completion of a comprehensive technical
and/or clinical training programme, including the
broader ethical, legal and regulatory context of pro-
curement and, for deceased donors, how to appro-
priately reconstruct the body following procurement.
The training programme must be tailored to the spe-
cific tissues or cell types to be procured and will also
depend on whether the procurement is from a living
or deceased donor.

Persons undertaking procurement must be
made aware of the risks and potential consequences
if policies and procedures on procurement are not
followed as directed in written SOPs and according
to relevant legislation.

To promote compliance with donor-selection
criteria and procurement procedures, the TE must
have written agreements with each person, clinical
team or third-party procurement organisation in-
volved in carrying out procurement, as well as those
collecting critical information used in donor selec-
tion. The written agreements must include detailed
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descriptions of expectations and responsibilities
related to quality and safety measures, as well as any
additional regulatory requirements. A written agree-
ment is not necessary for individuals directly em-
ployed by the same TE or organisation responsible
for these steps but expectations and responsibilities
pertaining to procurement must appear in their job
description (see Chapter 2).

7.3.  Facilities, equipment and
materials
7.3 Facilities

Procurement of tissues and cells may take
place in various facilities, ranging from a hospital op-
erating room, TE, hospital clinic, mortuary, funeral
home or care home, to a donor’s own home [8, 9].
These facilities can be broadly categorised as:

« operating theatre or equivalent;

o dedicated procurement area with air-quality
monitoring and controlled cleaning (e.g. TE
procurement room);

o dedicated clean area (controlled cleaning);

« non-dedicated area, with local cleaning of
the recovery space, and suitable to prevent
cross-contamination.

Procurement activities must be authorised
by the Health Authority. Each procurement event
should take place in an appropriate facility and follow
the required clinical/technical procedures (see §7.4).
The procedure must include steps aimed at mini-
mising the risk of contamination of procured tissues
and cells.

Minimising the risks of contamination
during procurement (see below) and processing (see
Chapter 9) is crucial to ensure the safety of grafts.
Risks are often multi-factorial so, to help quantify
and map them, a dedicated chapter (Chapter 3) has
been developed as well as a tailored Microbiological
Risk of Contamination Assessment tool (MiRCA). By
using this tool, TEs can better understand the overall
risk of their protocols, how risk factors are distributed
along the tissue/cell supply chain from procurement
to distribution, and can implement the most efficient
measures to mitigate and reduce risk.

For reasons of privacy and control of contam-
ination, access to the area where procurement takes
place must be restricted to essential personnel during
the actual recovery of tissues or cells. In addition, the
donation of tissues or cells by living donors should
take place in an environment that ensures their
health, safety and privacy. The procurement sites
must be fit for purpose and a risk assessment should

be carried out to determine the suitability of the pro-
curement site, depending on the types of tissues or
cells to be procured.

The room where procurement takes place
should meet the following requirements:

a. adequate floor area, and ancillary work areas
(e.g. work-tops and benches);

b. appropriately located and access controlled to
ensure privacy;

c. furnished with sufficient and suitable lighting;

d. ina good state of maintenance;

e. able to provide a sufficiently clean and clean-
able environment that will not increase the risk
of contamination of the cells or tissues;

f. comfortable in temperature and humidity for
donor and procuring staff.

Before procurement, steps taken to minimise
the risk of contamination should include the cleaning
of working surfaces with an appropriate and effective
disinfectant. Procurement of tissue should follow
aseptic procedures. The procurement area should
also be cleaned and disinfected after recovery. Ap-
propriate and safe disposal of single-use instruments,
consumables and any other waste, including clinical
waste that poses a biohazard, must be carried out.
Any re-usable instruments must be cleaned immedi-
ately or as soon as possible following use, and steri-
lised before being used again. If a TE (or third party
carrying out the recovery) uses the general services of
the host facility to clean the procurement area and/or
sterilise any re-usable instruments, the TE must have
a written agreement with the host facility, and the
procedures in place must be validated and inspected.

7.3.2. Equipment and materials

Materials (i.e. consumables and reagents) and
equipment (i.e. surgical instruments, packaging and
containers) used during procurement must comply
with the relevant national and international regu-
lations, standards and guidelines for the intended
use of the donated tissues and cells (see Chapter 2).
All equipment and materials that may have direct
contact with tissue and cells should be sterile, single-
use (where possible) and CE-marked for their in-
tended purpose (where available). Instruments or
devices must be suitable for their intended use, and
must be maintained in good working order. This
must include visual inspection and scheduled cali-
bration of measurement devices, where appropriate,
against relevant defined standards at specified in-
tervals. Routine maintenance inspections, at least
annually, of equipment used for procurement are
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encouraged and if relevant a re-qualification assess-
ment is required whenever repairs or modifications
have occurred. Procurement personnel must receive
appropriate training, supported by records, on the
proper use of equipment.

Where possible, use of single-use instruments
for procurement is recommended. When re-usable
instruments are used, a validated cleaning, disinfec-
tion, packaging and sterilisation process for removal
of infectious agents should be used and documented.
A traceability and tracking system should be in place
for operators and critical equipment/materials, for
each tissue- or cell-procurement event, and for the
donor.

Personnel conducting procurement activities
must be provided with protective clothing appro-
priate for the type of procurement. Usually, this will
involve wearing a sterile gown, sterile gloves, glasses
and a face shield or protective mask. Approved ma-
terials necessary for reconstruction of a deceased
donor’s body must be provided to allow this step to
be completed effectively.

Identification, packaging, containers and
labelling

73.3.

At the time of procurement, tissues and cells
must be uniquely identified. They must be packaged
so as to minimise the risk of environmental con-
tamination. At least two layers of packaging should
be used. The labels must be appropriate to ensure
identification and traceability of tissues and cells
and should be designed to adhere firmly to the con-
tainer. Labels must be resistant to storage conditions
to avoid the loss of identification of tissues and cells.

Storage containers must be appropriate for the
type of tissue or cells, the temperature and method
of storage, and the intended application. They must
withstand sterilisation (where this is to be applied),
not produce toxic residues during storage and be ade-
quately robust to remain intact when handled during
transport. Each tissue or cell container must be ex-
amined visually for damage or evidence of contam-
ination before processing, or distribution for clinical
use, and by the end user.

Guidance on coding, packaging and labelling
is provided in Chapter 15.

7.4. Procedures

ritten SOPs for procurement must be in place,
based on the requirements of the relevant
Health Authority, the recommendations laid out in
this Guide and the expectations of the TE or end-user
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needs. These SOPs must outline the correct steps to
be taken for each stage of procurement [10]. Proce-
dures that ensure contamination control must be
applied, including use of aseptic techniques, sterile
materials and equipment and appropriate clothing
for the personnel conducting the procurement (see
§7.2 and §7.3.2). Procurement SOPs must be reviewed
by an authorised person periodically (or as required)
and updated as necessary. Procedures must be au-
thorised and appropriate for the type of donor and
the type of tissue or cells procured, and must be val-
idated [11].

The SOPs must be readily accessible so that
procurement personnel can follow the required steps,
including:

a. verification of the donor’s identity and
what constitutes evidence of donor (or the
donor family’s) consent or authorisation (see
Chapter 4);

b. where necessary, ensure that permission from
any relevant legal authorities (for example,
judges or coroners) has been obtained before
tissues or cells are procured;

c. assignment and appropriate use of a unique
identifier/code (see Chapter 15);

d. knowledge of selection (risk) criteria required
for donor assessment, including physical ex-
amination of the donor (see Chapters) and
mandatory infectious disease testing required;

e. knowledge of the types of blood and other
samples required for mandatory laboratory
tests to ensure that they are of appropriate
quality (see Chapter 6);

f. steps that minimise the risk of microbiological
contamination during procurement (see this
chapter, as well as Chapter 3, Chapter 11 and
Chapter 19 and following);

g procurement steps that protect the properties
of the tissue and cells required for clinical use
(see this chapter and Chapter 19 and following);

h. for deceased donation, how to reconstruct the
donor’s body so it is as similar as possible to its
original anatomical appearance;

i. considerations for packaging, labelling and
transportation of procured tissues or cells to
the TE or, in the case of direct distribution, to
the clinical team responsible for their human
application or direct use (see this chapter,
Chapter 13 and Chapter 15);

j. considerations for collecting, packaging, label-
ling and transporting samples of donor blood
or other samples to the laboratory for testing
(see this chapter, Chapter 6 and Chapter 15);

k. procedures that protect the health and safety
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of the living donor (see Chapter 20, Chapter 26
and following);

I. how to register deviations from the approved
procurement procedure.

In addition, the TE is expected to have proce-
dures in place to notify, without delay (see Chapter 17),
other TEs or the relevant Health Authority of all
available information about:

a. knowledge of deviations from approved pro-
cedures that have occurred or that are sus-
pected to have occurred and which could have
affected the quality and/or safety of procured
tissues and cells and that could have resulted
in a serious adverse reaction or serious adverse
event;

b. any serious adverse reaction in a living donor
that may influence the quality and safety of the
tissues or cells procured;

c. any serious adverse event during procurement
that may influence the quality and/or safety of
human tissues and cells.

To minimise the risk of tissue or cell contamina-
tion by procurement personnel who may be infected
with a transmissible disease, policies and procedures
must be established and followed to address this risk
[2-6, 12].

Additional procedures and policies that min-
imise the risk of microbiological contamination
during procurement must be considered (see also
Part B), including those listed here:

a. the personnel allowed to be present during
procurement should be defined and such re-
strictions respected;

b. preparation of the donor’s recovery site must
follow the recommended standards of prac-
tice used for surgical patients and must occur
at the beginning of procurement using an ap-
propriate antimicrobial agent designed for this
purpose;

c. the procedure for the disinfection of the re-
covery site should account for the reduction or
elimination of bacterial spores as well as veg-
etative micro-organisms, and should include
the type of suitable disinfectants, their concen-
trations and durations of exposure;

d. before use, all materials and equipment must
be visually inspected by procurement per-
sonnel to ensure that they meet specifications
(e.g. sterile, seals not broken, equipment func-
tioning as expected, expiration date);

e. for deceased donation, it is advisable to procure
tissue before the autopsy takes place but, if this

is not possible, detailed procedures must be
written to address the increased potential for
contamination when procurement takes place
after autopsy.

Procurement must include procedures that
protect those properties of tissues and cells required
for their ultimate clinical use. These are described
more fully in Part B of this Guide (the tissue-specific
chapters), but generally include:

a. post mortem time limits [8, 13, 14, 15] — it is rec-
ommended that tissue should be recovered
within 24 h after cardiocirculatory arrest, pro-
vided that the body has been cooled or refrig-
erated within 6h of cardiocirculatory arrest
(to reduce the risk of tissue degeneration and
microbiological growth). If the body was not
cooled or refrigerated within 6h of cardioc-
irculatory arrest, tissue should be recovered
within 12 h of cardiocirculatory arrest. Alterna-
tive time limits should be validated by quality
assessments and tests for microbiological con-
tamination. It may be possible to extend the
post mortem interval up to 48h after death if
processing has been validated to guarantee
quality and microbiological safety (in which
case the blood samples for serological testing
must be still taken within 24 h after death, as
specified in EU Tissues and Cells directives, to
minimise the risk of blood deterioration; see
Chapter 6 for details on sample collection);

b. preservation of important anatomical struc-
tures and other tissue or cell characteristics;

c. temperature requirements during storage and
transport to the next destination;

d. avoidance of delays in transport due to time
limits in place for processing after procure-
ment.

Instead of specialised procurement teams re-
covering different tissues from a deceased donor, a
multi-tissue procurement team may be used, con-
sisting of a group of individuals who are trained to
procure all tissues for which there is consent. The
roles of the individual multi-tissue team members
must be defined by SOPs.

The main advantages of a multi-tissue procure-
ment model are:

a. better co-ordination, because all tissues are
procured by the same team;

b. less time taken to procure all tissues, thereby
decreasing the risk of microbial contamination
because of long warm ischaemia times [2-6, 9,
12], and avoiding delays in funeral rites;
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c. fewer equipment and consumables resources
needed (e.g. same draping may be used to
procure cardiovascular and musculoskeletal
tissues).

In every deceased-donor procurement team,
an appropriately trained senior person must take
overall responsibility to ensure that SOPs are adhered
to and that the following tasks are carried out to the
required standards:

a. identification of the donor (Appendix 25);

b. review of donor documentation, including
medical history, laboratory tests (if completed),
lawful consent/authorisation;

c. physical examination of the donor (Appendix

15);

organisation and co-ordination of the procure-
ment;

evaluation of abnormal procurement findings;
review of tissue packaging and labelling;
review of donor reconstruction;

completion of all required procurement docu-
mentation.

S

SR

The sequence in which the various tissues are
procured must be well defined to assure the quality of
each type of tissue. The recommended procurement
sequence, whether carried out by separate teams or
by a multi-tissue team is: skin (first back and lower
limbs), skin, eyes/corneas, cardiovascular and mus-
culoskeletal. Justification for this recommended pro-
curement flow includes the following reasons:

o Skin is the first procured tissue because the
donor is placed in a prone position to obtain
skin from back and lower limbs, and the
support provided by the presence of musculo-
skeletal tissues (in particular, bones) facilitates
the procedure. Reconstruction after skin pro-
curement is recommended to be performed at
the end of donor procurement to avoid any in-
terference in subsequently procured tissues (e.g.
musculoskeletal).

« Eyes are recommended to be procured after
skin to avoid eye bleeding from the sockets
if the donor should be placed in a prone po-
sition following enucleation of the eyes (see
Chapter 19).

o Cardiovascular and musculoskeletal tissues
are recommended to be procured last because
the same donor draping may be used. Some
cardiovascular tissues (e.g. femoral arteries)
may be procured simultaneously with the mus-
culoskeletal tissues.
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Where a tissue donor has already donated
organs, all surgical approaches to obtain the organs
should have been sutured to reduce as much as pos-
sible the risk of contamination of thoracic and ab-
dominal tissues before their procurement. If the
procurement is performed simultaneously with
organ procurement, the sequence varies: starting
with the tissues from the cavities open for organ re-
covery, thorax and abdomen (arteries, heart for heart
valves or vertebral bodies), then the recommended
sequence of skin, eyes, cardiovascular and muscu-
loskeletal should be followed. It is important that all
procurement teams involved know that tissues will
be procured after organs, first to prepare the body
before starting surgery, and second to guarantee
sterile conditions during the whole procedure and to
minimise the risk of cross-contamination.

Efforts should be made to ensure that pro-
curement procedures do not unnecessarily interfere
with funeral arrangements or other formalities such
as religious or cultural rituals. If this is not possible,
the donor’s family must be informed at the time of
consent. Timely and effective communication with
all parties involved can help to meet expectations in
regard to delays, as well as aesthetic considerations
when tissues are procured from areas of the body
that may be visible (e.g. if the body is to be viewed
subsequently by the family and those attending the
funeral).

7.4, Processing at the procurement site

Microbiological safety during the procurement
of tissues or cells must always be considered; but
control of contamination and cross-contamination
at the procurement site is typically less stringent than
the controls applied in a TE (see Chapter 3, Chapter 11
and Part B). Therefore, simultaneous undertaking of
processing steps during the procurement phase, or in
the procurement area, is not recommended, if avoid-
able. However, if processing (excluding close systems),
including decontamination, shaping, cleaning, sizing
and final packaging (for direct distribution) at the
procurement site is unavoidable, the procurement
area must fulfil the criteria of a processing area (see
Chapter 9).

Processing duration and extent must be limited
to the minimum, and a Grade A air-quality environ-
ment (surrounded by, at least, Grade D air quality)
is required for the open processing steps. Records
supporting the qualification and monitoring of the
processing site must be available for inspection. Se-
lection of the use of suboptimal conditions must be
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supported by written justification and be authorised
by the relevant Health Authority.

7.4.2.  Temporary storage and transportation to

the tissue establishment

Once the tissue is procured and until it
arrives at the TE, critical variables related to main-
taining the quality of the tissues or cells (e.g. tem-
perature, sterile packaging) must be controlled (see
Chapter 15). Records to demonstrate compliance with
specified storage conditions must be completed and
maintained.

7.5. Documentation

Es must have procedures in place that address

the retention of procurement records, which
must include descriptive documentation of the steps
taken, the materials and equipment used, and iden-
tification of the personnel involved. Such records
must be clear and legible, protected from unauthor-
ised amendments, retained and readily retrievable
throughout a specified retention period, and must
comply with data-protection legislation. Procure-
ment records must be sufficiently detailed to facilitate
robust and reliable traceability, to provide a complete
history of the work undertaken and to be capable of
linking the records to the particular donor of the pro-
cured tissues and cells (see Chapter 16). When tissues
and cells are to be sent across national borders, po-
tential language barriers should be addressed and
a common language agreed for all documentation
related to donors, tissues and cells.

A unique identifier (e.g. a donation number fora
donation event and/or a donor identification number)
must be allocated to the donor as well as the procured
tissues and cells (see Chapter 15). This coding must be
in place to ensure an effective and accurate system
capable of tracking tissues throughout all stages, in-
cluding an identifiable link to the procurement steps.
For each donor, there must be a record containing the
donor’s identity with at least two forms of identifi-
able information, e.g. given name, family name, date
of birth, sex. If a mother and child (both living) are
involved in the donation, records must indicate not
only the name and date of birth of the mother, but
also the name (if determined) and date of birth of the
child. These coded data should be entered in a reg-
istry maintained for this purpose.

To ensure that all steps are traceable and ver-
ifiable, the TE (or procurement organisation) must
produce a report, recorded at the time of procure-
ment, which must be forwarded without delay to the

location where processing takes place. This procure-
ment report, depending on the type of donor, could
contain the following:

a. donor identification data (donor code, donor
given name, family name, date of birth and
sex, as well as how and by whom the donor was
identified) or donor identification. In the case
of an unrelated haematopoietic progenitor cell
(HPC) donor, care should be taken to main-
tain donor confidentiality (Global Registration
Identified for Donors or GRID) if the procure-
ment report (including donor health status) is
forwarded to the recipient’s clinical team;

b. unique coding number, which will be either the
donation identification sequence of the Single
European Code (SEC) for EU countries, or a
code generated by a Health Authority or by use
of an internationally recognised coding system
such as 128 Eurocode, or the WMDA GRID
code for unrelated HPC donors (Chapter 15); in
the case of partner donation in MAR there is
no need for the SEC (see Chapter 29);

c¢. the environmental conditions of the procure-
ment facility, i.e. location or description of the
physical area where procurement took place
(see Appendix 24);

d. alist of observations made during the physical
examination of the donor’s body - but, for a
living donor, only when such an examination
is justified (see Appendix 15);

e. a description and identification of procured
tissues and cells, including samples for testing
of infectious diseases;

f. the identification of the person who has overall
responsibility for the procurement session (in-
cluding his/her signature);

g date, time (where relevant, start and end times)
and location of procurement;

h. the type, volume, manufacturer and lot/batch/
serial number of reagents, additives and the
tissue and cell transport solution(s) used;

i. name and address of the TE;
j. name and destination of the tissues and cells.

In addition, for procurement of tissues or cells
from a deceased donor, this report must contain:

a. a sufficiently detailed summary of the events
surrounding death;

b. the date and time of donor death and tissue
procurement (and, where relevant, start and
end times) to facilitate determination of the
time interval from death to procurement;

c. the date and time of, and quantity of, blood
collection for donor testing (when applicable);
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the conditions under which the donor body
was kept before procurement (whether or not
the donor body was cooled or refrigerated and,
where appropriate, the time when cooling or
refrigeration began and ceased);

if possible, whether procurement took place
before or after autopsy and whether or not an
autopsy is planned;

when applicable, a description of other tissues
and cells from the same donor sent to different
TEs, including their identification;

if applicable, information regarding recon-
struction of the donor’s body.

If procurement from a living donor involves a

directed donation, the recipient’s identification must
be documented to ensure traceability (see Chapter 2
and Chapter 15).

7.6.
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Chapter 8. Premises

8.1.  Introduction
Tissue establishments must have suitable facilities
to carry out the activities for which accreditation,
designation, authorisation or licensing is sought. This
chapter provides generic guidance on the facilities
used for processing, testing and storing of tissues and
cells. Processing of tissue and cells, while exposed to
the environment, must take place in an environment
with controlled air quality and cleanliness in order
to minimise the risk of contamination, including
cross-contamination between cells and tissues of
different donors. This chapter gives guidance on cre-
ating, implementing and maintaining a validation
master plan (classification and qualification) and a
monitoring plan in order to gain assurance that the
cleanrooms are performing adequately and that the
aseptic processing of tissue and cells is monitored
(see also Chapter 2). Tissue- and cell-specific guid-
ance on selecting the appropriate air quality for pro-
cessing is given in Part B of this guide.

8.2. Requirements of storage

facilities
issue establishments should have specific storage
facilities/areas for the storage of tissues and cells.
Such storage areas should be:
a. designated;
b. located in a secure area, and access must be
limited to authorised personnel;
c. ofsufficient capacity to allow orderly storage of

the various status of tissues/cells, according to
national requirements:
i.in quarantine;
ii. released for processing;
iii. rejected;
iv. returned;
v. recalled;
vi. for research use;

d. covered by an adequate management system,
ensuring clear identification of each status of
tissues and cells;

e. clean and dry, and maintained within an ac-
ceptable temperature range; and, where special
storage conditions are required (e.g. specific
temperature and/or humidity) these should be
specified, maintained and monitored;

f. cleaned, with a schedule based on the fre-
quency of access by personnel and goods, by
properly trained personnel and with approved
products in order to keep the environmental
bioburden under control.

The design of a cryostorage room (e.g. storage
rooms equipped with liquid nitrogen tanks or equip-
ment using liquid nitrogen) must comply with ap-
plicable regulations and safety requirements of
the relevant country. Items related to safety should
include at least:

a. good ventilation (capable of supporting emer-
gency conditions in terms of operator and
product safety);

120



8. PREMISES

b. oxygen-level monitoring with alocal audio and
visual alarm;

c. visual surveillance from outside;

d. adequate space to contain the necessary
freezers and tanks, including back-up systems;

e. easy access to all the storage devices, with a
smooth pathway to and from the facility for
liquid nitrogen supply and for prompt removal
and transfer of tissues and cells in case of emer-
gency;

f- personal protective equipment available for use,
which may include items such as cryo-gloves,
safety goggles, cryo-aprons and respirators;

g a specific SOP already in place to support the
safety issues.

A system to monitor all the alarms, including
oxygen level in the room, the level of liquid nitrogen
in the tanks, and the temperature of the tanks, is es-
sential. When necessary, the ambient temperature of
the storage area should be monitored. Personnel must
be trained to react to different alarms. Personnel need
to be trained to use personal protective equipment.

Further details on storage can be found in
Chapter 10.

8.3. Requirements of processing

facilities

Processing facilities must be designed, qualified
and monitored to ensure that the air quality is ap-
propriate for the processes carried out. International
standards, such as the EU Guidelines to good manu-
facturing practices for medicinal products for human
and veterinary use (known as GMP) [1] and the
ISO 14644 guidelines for Cleanrooms and associated
controlled environments [2], provide information to

help achieve the appropriate air quality.
Processing of tissues and cells should be
carried out in cleanrooms. In these cleanrooms,
the concentration of airborne particles (viable and

Table 8.. Air cleanliness classifications in Europe

non-viable) must be controlled to specified levels.
Each processing operation requires an appropriate
level of environmental cleanliness in the operational
state to minimise the risks of particulate or microbial
contamination. According to GMP, four grades can
be distinguished.

1. Grade A: The local zone for high-risk opera-
tions provided by localised airflow protection,
such as laminar airflow workstations, isolators
or restricted access barrier systems (RABS).
Unidirectional airflow systems should provide
a homogeneous air speed in the range 0.36-
054 m/s (guidance value) across the whole of
the Grade A area (GMP, Annex 1). Mainte-
nance of the unidirectional airflow should be
demonstrated and qualified.

2. Grade B: For aseptic operations, this is the
background environment for the Grade A zone.
Lower grades can be considered as defined in
the tissues- and cells-specific chapters of this
guide (Part B). The risk-assessment tool for de-
fining the air quality can be used to select the
background environment for the Grade A zone
(see §8.4).

3. Grades C and D: Clean areas for carrying out
less critical stages in the processing and storage
of tissues and cells. These cleanliness grades
can be considered where isolator technology is
used.

Different cleanroom standards are compared
in Table 8.1 [1, 2].

Whichever classification is applied, the prem-
ises and their facilities should have:

a. floors, walls and ceilings of a non-porous mate-
rial with smooth surfaces to minimise the shed-
ding or accumulation of viable and non-viable
particles and to permit the repeated applica-
tion of cleaning agents and disinfectants;

b. temperature control and (based on risk assess-
ment) humidity control;

Classification

Maximal number of particles/m*

1SO 14644-1 EU GMP ISO 14644-1 EU GMP
atrest in operation
>0.5um >5.0 um >0.5um >5.0 um >0.5um >5.0 UM
ISO 5 A 3520 not applica- 3520 20 3520 20
ble

B 3520 29 352 000 2900
ISO 6 35200 293
ISO 7 C 352 000 2930 352 000 2900 3520 000 29 000
ISO 8 D 3520 000 29 300 3520 000 29 000 not defined not defined

Source: [1, 2].

121



GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

c. a filtered air supply that maintains a pres-
sure differential and airflow to adjacent clean-
rooms of different cleanliness levels to prevent
reversal of airflow direction between the seg-
regated cleanrooms; a combination of nega-
tive and positive pressure can also be used to
achieve specific biosafety requirements;

d. a documented system for manual or contin-
uous monitoring of temperature, humidity, air-
supply conditions, pressure differentials, and
viable and non-viable particle numbers (for
environmental monitoring, see below at §8.5.2
and §8.5.3);

e. a documented system for cleaning and disin-
fecting cleanrooms and equipment;

f adocumented system for gowning and laundry;

g adequate space for personnel to carry out their
operations;

h. adequate space for storage of sterile garments
(if applicable);

i. access limited to authorised personnel.

Characteristics such as temperature and rela-
tive humidity are dependent on several factors (air
changes in the room, number of personnel, heat load
of the equipment, processing methods and external
influences such as weather changes). Parameter set-
tings should not interfere with the defined cleanliness
levels. The environmental temperature and relative
humidity should be set to guarantee the safety and
quality of the tissue and cells, staff comfort, electro-
static charging and discharge. Energy consumption
can also be taken into account. For relative humidity,
the generally accepted guidance range is 30 % to 65 %
(ISO 14644-4) [3].

To minimise the risk of contamination, a
positive pressure should be created relative to adja-
cent cleanrooms of a lower grade. The pressure dif-

ferential between adjacent cleanrooms of different
grades should be at least 10 Pa (guidance values in
GMP, Annex 1) with the maximal air pressure in the
background environment for the Grade A zone (the
working room in Figure 8.1) [1]. This forms a ‘pres-
sure cascade’ to prevent reversal of airflow direction
between the segregated cleanrooms and limits the
entry of contamination into the cleanrooms of a
higher cleanliness level.

Stringent biosafety requirements should be
followed if processing tissues or cells from patients
having known viral infections, e.g. hepatitis B virus
(HBV), hepatitis C virus (HCV) or human immuno-
deficiency virus (HIV). These should be determined
by a documented risk analysis, considering the path-
ogenicity of the virus involved, and should consider:

a. 'The potential requirement for a containment
laboratory, having reduced air pressure with
respect to adjacent rooms. It may be possible to
temporarily generate a containment laboratory
in a standard cleanroom facility by increasing
the air pressure in the change rooms to result
in the working room having reduced air pres-
sure with respect to the last change room (see
Figure 8.1);

b. The use of class I biosafety cabinets or isolators
to handle contaminated material;

c. Therisk of cross-contamination of other tissues
and cells processed at the tissue establishment;

d. Personnel safety, according to Directive
2000/54/EC on the protection of workers from
risks related to exposure to biological agents at
work [4];

e. Handling and treatment of contaminated
waste materials; any waste material generated
during the process that could potentially be
contaminated with viruses must be carefully
handled and treated to inactivate any contami-

Figure 81. Schematic plans indicating air pressure differentials between adjacent cleanrooms

Typical processing facility design

Change
room 2

+30

Change
room 3

+ 45

Working room

+ 60

Biohazard processing facility design

Working room

+ 30
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Table 8.2. Risks of contamination that should be considered when determining air-quality specifications of processing

facilities

Risk

Explanation

Tissue or cell contamination during open
versus closed processing.

Processes that are functionally ‘closed’ need a less stringent processing environ-
ment than processes where tissue and cells are exposed to the environment.

Effectiveness of the processing method to
remove contaminants.

Some tissues, even though not terminally sterilised, can be treated with various
antimicrobial agents; this reduces the risks of transferring any contaminants.

Suboptimal detection of contaminants due
to the sampling method.

If the only option for final microbiological sampling is swabbing or testing of
unrepresentative samples, the risk that contaminants will be undetected is
higher than in processes where 5-10 % destructive testing of final tissue and cell
grafts can be performed [6].

Transfer of contaminants at transplanta-
tion.

Tissues that are minimally processed or cellularised, or that contain blood, blood
vessels and lipids, are more likely to support microbial contaminants than those

that are blood- and cell-depleted.

Method of application (i.e. permanent versus temporary) and site of transplanta-

tion both affect the risk of transfer of contaminants.

Source: Euro GTP Hot Topics guidance [16]

nation. Ideally, the inactivation process should
take place before the waste material leaves the
processing laboratory. Where this is not pos-
sible, it should be placed in hermetically sealed
containers before being removed from the lab-
oratory for inactivation elsewhere.

Figure 8.1 shows schematic plans indicating
the air-pressure differentials between adjacent clean-
rooms of a processing facility for conventional or
biohazard use. Conventional processing facilities are
designed to protect the sample from any contamina-
tion and therefore there is an air-pressure increase
between adjacent rooms, with the maximum air
pressure in the processing room. However, biohazard-
processing facilities must be designed to protect both
the tissue and cells and the environment. Therefore,
the installation must increase the air pressure in the
change rooms, resulting in maximum air pressure in
one of the change rooms, and the air pressure of the
working room being less than in this change room. It
is recommended that pressure differentials between
different rooms be set to at least 15 Pa, in order to re-
liably maintain a minimum pressure differential of
10 Pa.

8.4. Selecting the appropriate air

quality for processing

or tissue and cell establishments in the EU, there
must be the equivalent of Grade A with a sur-
rounding environment of at least Grade D (GMP clas-
sification). A less stringent processing environment
may be acceptable if one of the following applies:
a. avalidated microbial inactivation or validated
terminal sterilisation process is applied; or,
b. ifitis demonstrated that exposure in a Grade A
environment has a detrimental effect on the
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required properties of the tissues or cells con-
cerned; or,

c. ifitis demonstrated that the mode and route of
application of the tissues or cells to the recip-
ient implies a significantly lower risk of trans-
mitting bacterial or fungal infection to the
recipient than with transplantation of tissues
and cells; or,

d. ifitis not technically possible to carry out the
required process in a Grade A environment —
e.g. due to the requirements for specific equip-
ment in the processing area that is not fully
compatible with Grade A (Directive 2006/86/
EC) [5].

Some national requirements are more stringent,
requiring Grade A with a surrounding environment
B or C for certain processes. If GMP conditions are
required, aseptic processing must be done in a Grade
A zone within a Grade B background environment.

As outlined in Table 8.2 the specification of
the air quality of the processing environment should
be decided on the basis of the particular types of
tissue or cell and the processing method that is being
applied. Based on a risk assessment, several factors
(such as limitations of sampling methods, contami-
nation during manipulation, use of antimicrobials,
transfer of contaminants at transplantation) should
be taken into consideration when determining the
air-quality specifications, especially when less strin-
gent conditions are applied. Where the risk of tissue
or cell contamination during processing is high, and
the chances of any contaminants being transferred
to the recipient are high, a more stringent air-quality
specification should be adopted. See also Chapter 3
(the MiRCA tool), Chapter 9 and the tissue-specific
recommendations provided in Part B of this guide.

The utilisation of isolator technology to min-
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Table 8.3. Qualification tests for cleanrooms, clean zones and laminar flow hoods

Tests Specification Recommended time interval
Airborne particle count (classi- The total count of airborne particles (viable and non-viable) per- 12 months

fication test) formed at rest and in operation, to determine cleanliness class

Airflow test Average airflow velocity and air changes per hour 12 months

Air pressure difference Differential pressure between different rooms 12 months

Installed filter system leakage

Detection of leaks in the absolute filter and integrity testing of

24 months or if resistance

test seals between filter and mounting arrangements across the filter changes
abnormally
Temperature and relative 12 months
humidity
Recovery test The time required for a cleanroom to recover after a particle- 24 months
generation event — normally tested for cleanrooms classified as
Grade A or B. Maximum delay given by GMP Annex 1 is 15-20 min
Airflow direction test and Airflow pattern type, i.e. unidirectional, non-unidirectional or 24 months
visualisation mixed
Containment leak test Detection of leaks on structure 24 months
Laminar airflow velocity (lami- The average velocity must meet the specified acceptance criteria 12 months
nar flow hoods)
Microbial contamination The total count of viable particles performed in operation 12 months

imise human interventions in processing areas may
result in a significant decrease in the risk of microbi-
ological contamination of aseptically manufactured
tissue and cells. The air classification required for the
background environment depends on the design of
the isolator and its application. It should be controlled,
and for aseptic processing it should be at least Grade
D. Isolators should be used only after appropriate
qualification. Qualification should take into account
all critical factors of isolator technology, for example
the quality of the air inside and outside (background)
the isolator, sanitisation of the isolator, the transfer
process and isolator integrity (checking for defective
seals and pinhole leaks in the isolator gloves).

8.5.

rocessing environments should be qualified and

monitored in accordance with EN ISO 14644 |2,
3, 8, 9], EN 17141 [10] and EU GMP Annex 1 [1]. The
validation master plan should be built following a
risk-assessment exercise aiming to define the extent
and frequency of the qualification tests in a propor-
tional manner to the risks identified. The validation
plan should consider the initial and consequent
qualification, as well as the at-rest and in-operation
classification (see also Chapter 2). An example of a
validation master plan is provided in Appendix 4 of
this guide.

The qualification strategy should consider
the monitoring strategy displayed over the process.
Whenever a particular process is submitted to a
continuous air-quality monitoring programme, the
frequency of qualification of cleanrooms, laminar

Qualification and monitoring

airflow workstations, isolators and RABS might be
adapted accordingly to a less stringent programme.

8.5.1. Qualification

Qualification of cleanrooms and clean zones
is required to support and verify the operating pa-
rameters and the limits for critical parameters. The
specified acceptance criteria set should be verified,
and therefore testing of certain parameters and spec-
ifications should be performed.

Qualification studies enable cleanrooms to be
classified into their appropriate grade. Classification
is a method of assessing the level of air cleanliness
against a specification for a cleanroom or clean-zone
device by measuring the airborne particle concen-
tration. For classification, the required tests and ac-
ceptance criteria should be defined in the approved
classification protocol. Classification should be per-
formed at rest and in the operational state. The classi-
fication is part of the qualification of cleanrooms and
clean zones and should be clearly differentiated from
monitoring operational processes.

For particle count, the minimum number of
sampling locations related to the area of each clean-
room or clean zone to be classified is provided in EN
ISO 14644-1. It divides the whole cleanroom or clean
zone into sections of equal area and selects in each
section a sampling location considered to be repre-
sentative of the characteristics of the section. The po-
sition of the particle probe should be located at the
same height as, and in the plane of, the work activity.

The particle counter must have a valid cali-
bration certificate. The frequency and method of
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Figure 8.2. Decision tree: topics and actions to be considered if microbiological-monitoring results (number of

colonies) exceed the action limit

(" )
’ Sterility test resylts of
the processed tissues
. J
A 4
(" )
Written risk
analysis: finding Reject or release of
._> )
versus product tissues/cells
safety
. J
y ¥
( Evaluation of sterility
test method
—»| sensitivity versus
identified
contaminants
- J
) ] E (" Evaluation of )
; I ; cleaning method
Result > Action limit ~ |F—} Identlﬁcatlon of »| versus identified
i colonies P .
; P contaminant (source
; P and species
Y, e 41\ and species) Y
: \ 4
v N
=--»| Trend analysis Correctlye or
: preventive actions
AN J
' A
e )
: Investigating the
. source of the
' contaminant(s): used
. materials
AN J
Investigating the
X processing and
t--»| cleaning records,
personnel training
records
. J
N J

v~
Deviation report

Note: In Grade A and B areas, detected colonies must be identified by the genus and species, and for other cleanliness according to the
microbial-monitoring programme. Solid lines indicate minimal actions to be considered, and dashed lines indicate topics of broader

investigations

calibration should comply with the requirement of
ISO 21501-4 [11].

For classification, the airborne particles equal
or greater than o.5 um should be measured. Classifi-
cation in operation may be carried out during routine
or simulated operations, with a specified number of
personnel present.

The minimum air-sample volume per sam-
pling location should be determined in accordance

with EN ISO 14644-1 Annex A. Sequential sample
techniques could be useful to classify a cleanroom or
clean zone with a very low particle concentration at
the class limit (EN ISO 14644-1 Annex D).

The cleanroom or clean zone has met the
specified classification if the particle concentration
measured at each of the sampling locations does not
exceed the concentration limits as defined in the clas-
sification protocol.
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Periodic classification testing should be per-
formed annually in accordance with ISO 14644-1.
This frequency can be extended, based on risk assess-
ment, the extent of the monitoring system and data
that are consistently in compliance with acceptance
limits or levels defined in the monitoring plan.

8.5.1.1.  Other qualification tests

Table 83 specifies optional test methods that
characterise the performance of cleanrooms and
clean zones. The choice of tests should be based on
factors such as the design of the installation, its oper-
ational states and the required level of air cleanliness.
The selected tests should be repeated as specified in
Table 8.3 as a part of validation master plan. Devia-
tions from the pre-set frequencies should be based
on a formal risk assessment. All these tests should be
undertaken by qualified professionals, at least in an
at-rest situation in accordance with EN ISO 14644-3
[9], which specifies ancillary tests related to other
aspects of cleanroom performance such as pressure

difference and airflow. The microbial load of the
cleanroom should be determined in operational state
as part of the cleanroom qualification. The recom-
mended maximum limits for microbial contamina-
tion during qualification for each grade are given in
Table 8.6.

Biohazard laminar-airflow hoods should also
be certified to national or international performance
standards at the time of installation and recertified
annually.

8.5.2.  Monitoring particle concentration

Monitoring particle concentration provides ev-
idence of continuous compliance with the specified
air-cleanliness class. ISO 14644-2 provides informa-
tion about a monitoring plan for a cleanroom, related
to air cleanliness by particle concentration.

Cleanrooms and clean zones should be moni-
tored while in operation. Measuring locations should
be determined on the basis of a formal risk analysis

Table 8.4. Environmental microbiological monitoring methods

Method Air or surface Notes

qualitative or

quantitative
Volumetric Air quantitative  Can be used to quantify bacteria and fungi suspended in the air surrounding the open
sampling product. Active sampling can be used to detect homogeneous suspensions of micro-

organisms in the air, but it is not a reliable measure of the sporadic contamination that
occurs during operations.

The chosen device should be shown to correspond to current standards of sensitivity
and detection. In general, the manufacturer of the sampling instrument will recommend
sample sizes, and this recommendation should be taken into account in the design of
sampling strategies. Sample sizes =1 m? should be taken for each measurement. If this
sample size results in an unreadable number of colonies, reduced volumes may be em-
ployed to monitor Class C and D areas if justified.

The effect of capture-plate drying during sampling and transport to the microbiological
laboratory should be determined by a validation study. Time limits should be set to
ensure that micro-organisms remain viable up to the point of transfer to an environment
for detection of growth promotion.

Settle plates

Air qualitative

This is a method that can provide continuous monitoring of micro-organisms. Can be
used to detect bacteria and fungi that descend in a column of air over the plate.

Need to determine how long the plates can be open (usually 2-4 h). Exposed plates may
be replaced by unused ones so that total time of exposure is reached.

Contact plates

Surface quali-
tative

Plates can be used. Contact plates can be used to detect contamination by
micro-organisms in the immediate vicinity of the work area.

The pressure and duration of contact have a significant influence on microbial yield
(recommendation: uniform pressure for 10's).

Tested surfaces must be cleaned after sampling.

Swabs Surface quali- Used for wiping of surfaces that cannot be sampled with plates or strips.
tative A swab dampened with sterile physiological (0.9 %) NaCl solution is used to test dry
surfaces. A dry swab is used to test damp surfaces. The sample material collected is then
wiped onto an agar plate.
The sample area should be = 25 cm? if possible.
Tested surfaces should be cleaned after sampling.
Glove prints Glove or finger-  Fingertips are the most likely area to come into contact with microbial contamination on

tips qualitative

work surfaces, on materials or arising from the operator and then transferred onto prod-
ucts. Glove prints (all five fingers) should be taken of both hands to assess this possibility.
Usually placed on contact plates after processing or before changing gloves.

Gloves must not be disinfected immediately before samples are taken.

A firm and even pressure should be applied for = 5-10 s taking care not to damage the
agar surface.
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and the results obtained during qualification of
cleanrooms. A monitoring plan, taking into consid-
eration the level of air cleanliness specified, critical
care points and performance attributes of the clean-
room, should be created and maintained.

Adequate alert and action limits should be
set, based on the intent and purpose of monitoring,
taking into account the nature of the process. For
example, bone cutting may generate numerous par-
ticles, and corneal lamellar cutting may generate
numerous aerosols. If the alert limits are exceeded,
further investigation or increased observation is re-
quired. If the action limits are exceeded, appropriate
corrective actions must be taken. Frequent and con-
tinuous high particle counts should raise concerns
because they may indicate the possibility of pollution,
problems with a heating, ventilating and air-condi-
tioning (HVAC) system, or incorrect practices during
routine operations. The performance of the moni-
toring systems and related trends should be period-
ically reviewed.

Monitoring may be continuous, sequential or
periodic (but indicating specified frequency).

The system selected must be adequate for the
monitoring operations required. If using sequential
systems, particle losses because of the length of the
tubes and kinks in the tubing should be considered.
For airborne-particle counters, the frequency and
method of calibration should be based upon current
accepted practice as specified in ISO 21501-4 [11].

Selection of the particle monitoring system
should also involve consideration of the risks gen-
erated by sampling during processing. The sample
sizes taken for monitoring purposes using automated
systems will usually be a function of the sampling
rate of the system used. It is not necessary for the
sample volume to be the same as that used for formal
classification of cleanrooms and clean-air devices.

The Grade A zone should be monitored with a
frequency that allows detection of sporadic increases
in particle counts which may exceed acceptable limits.
It is recommended that a similar system be used for
Grade B zones, though the sample frequency may
be decreased. The importance of the particle-moni-
toring system should be determined by the effective-
ness of the segregation between adjacent Grade A and
B zones.

The particle limits given in Table 8.1 for the
at-rest state should be achieved after a short recovery
time period of 15-20 min in an unmanned state after
completion of operations.

Monitoring of Grade C and D areas should be
performed in operation and in accordance with the
principles of quality risk management.
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Temperature, relative humidity and differential
pressure of clean areas should be monitored every day.

853.  Microbiological monitoring

Microbiological monitoring provides evi-
dence of continuous compliance with the specified
air-cleanliness class as well as evidence of contam-
ination control of aseptic process operations and
cleaning and sanitation methods. Microbiological
monitoring is mandatory and should be done in ac-
cordance with:

a. EN 17141 Cleanrooms and associated controlled
environments — Biocontamination control [10];
or

b. EU GMP Annex1 [1].

To define and control microbiological hazards
it is necessary to identify the potential risks relating
to each processing step and the potential risks of the
tissues or cells themselves, as well as the probability
of these risks and the mitigation actions intended to
minimise the risks. Tissue establishments must have
a monitoring plan that specifies:

a. acceptance limits of microbial contamination

(action level, alert level);

b. sampling plan and frequency;
sampling methods and equipment;
d. sampling culture media and incubation of
samples;
e. analyses and evaluation of results (including
trend analyses);
f. handling of out-of-specification results.

o

Selection of the microbial monitoring method
should involve consideration of the risks generated by
sampling during processing. The sample sizes taken
for monitoring purposes will usually be a function of
the sampling rate of the system used. It is not neces-
sary for the sample volume to be the same as that used
for formal qualification of cleanrooms and clean-air
devices. Microbial samples can be taken using four
sampling methods: volumetric air sampling, settle
plates, contact plates and glove prints — or fingerprints.
A non-selective culture medium, permitting growth
of the expected micro-organisms and containing ad-
ditives to overcome the residual effect of biocides and
cleaning agents, should be selected. Additives inhib-
iting residual biocides and cleaning agents are an es-
sential component of the culture medium.

At present no commercial neutraliser is able
to inactivate all biocides. The choice for a sanitation
and disinfection programme with a specific cleaning
agent and biocide should be well considered. The
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Table 8.5. Incubation conditions for environmental microbiological monitoring

Culture medium

Incubation temperature

Incubation period

Aerobic Trypticase soy agar irradiated 20-25°C +30-35°C 3-5 days + 2-3 days
Fungi

Alternative incubation conditions

Aerobic Trypticase soy agar irradiated 30-35°C 2-3 days
Fungi Sabouraud agar 20-25°C 5-7 days

Note: If applicable, consider also anaerobic testing in the same culture conditions as aerobic testing but in anaerobic atmosphere.

concentration of residue left on the surfaces after
cleaning depends on the type of biocide and the san-
itation programme. The culture medium used for
environmental monitoring has to be appropriately
qualified for the growth of diverse bacteria and fungi,
and it should be possible to demonstrate that the res-
idues generated by the sanitation programme do not
interfere with micro-organism recovery. Table 8.4
summarises the characteristics of these sampling
methods.

The frequency of sampling should take into
account the processes and activities of the staff.
Aseptic process operations performed in a Grade A or
B environment must be monitored routinely, during
every process. Background and surrounding areas
should be monitored periodically, at a pre-defined
frequency.

8.5.4. Incubation of samples

Environmental monitoring samples should be
incubated at a minimum of two different tempera-
tures to detect bacteria and fungi. Incubation con-
ditions for environmental microbiological testing
are detailed in Table 8.5 Incubation for 3-5 days at
20-25 °C followed by incubation at 30-35°C for an ad-
ditional 2-3 days has been shown to be sufficient to
detect most bacteria and fungi. The method chosen
should be validated and standardised very carefully.
Alternative methods are acceptable if high recov-
eries (>50 %) of micro-organisms of interest can be
demonstrated consistently [12].

If micro-organisms are expected in the en-
vironment and cannot be detected using standard
media for environmental monitoring with the tem-
peratures recommended above, the procedure should
be adapted accordingly.

Results of monitoring should be considered
when making the decision whether tissues or cells
can be released (Figure 8.2).

Recommended limits for microbiological mon-
itoring (EU GMP Annex 1) of clean areas during op-
eration are shown in Table 8.6. Alert and action levels
for microbial contamination should be determined
and the actions to be taken in the event that these
levels are exceeded should be documented. The level
should be specific to the area, determined on the
basis of historical data and based on, for example,
data from a single year. Levels should be reviewed
periodically and, if necessary, updated if there are
changes to processes.

The alert level emphasises an acceptable
number for microbial contamination, but acts as a
warning. Exceeding the alert level does not require
corrective measures, but should trigger an investiga-
tion aimed at early detection of errors or deviations.
The alert level is set at a lower level than the action
limit. The action level emphasises a certain level of
microbial contamination that necessitates immediate
corrective action and corrective measures.

In Grade A and B areas, any detected colonies
should be identified by the genus and species, and for
other cleanliness grades according to the microbial
monitoring programme of the tissue establishment.

Table 8.6. Recommended limits for microbial monitoring (EU GMP Annex 1)

Recommended limits for microbial contamination

Grade Air sample (CFU/m?) Settle plates, diam.

Contact plates, diam. Glove print, 5 fingers

90 mm (CFU/4 hours)* 55 mm (CFU/plate) (CFU/glove)
At <1 <1 <1 <1
B 10 5 5 5
C 100 50 25 not applicable
D 200 100 50 not applicable

* Individual settle plates may be exposed for less than 4h. Where settle plates are exposed for less than 4 h, the limits in the table
should still be used. Settle plates should be exposed for the duration of critical operations and changed as required after 4 h.

1 Note that for Grade A, the expected result should be 0 CFU recovered; recovery of 1 CFU or more should result in an investigation.
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It is considered good practice to systematically iden-
tify colonies by the genus and species found in other
cleanliness grades because this will assist with under-
standing trends and may prevent action levels being
reached, if corrective and preventative actions can
be identified and implemented. Figure 8.2 describes
topics and actions to be considered if microbiological-
monitoring results exceed the action limit. Any pres-
ence of fungi must be considered to denote deviation
and should be identified.

After such results are obtained, tissue establish-
ments should evaluate whether the finding will affect
the risk that tissues or cells could have been con-
taminated during processing. Tissue establishments
should also evaluate whether corrective or preventive
actions should be initiated. All investigations that are
carried out should be reported in a deviation report.

8.6. Avoiding contamination and

cross-contamination

ntry of personnel and materials to the processing
facilities, transit and exit of personnel and ma-
terial through the processing area and the rules of
use and clothing to be worn in them should be estab-
lished to:
a. minimise the risk of contamination of tissues
and cells;
reduce the environmental bioburden;
protect staff from biohazards.

A written procedure designed to avoid poten-
tial contamination and/or cross-contamination from
personnel and materials to tissues and cells should
be in place.

Entry of personnel, tissues and cells and ma-
terials should be done through airlocks by following
specified procedures to avoid the direct flow of non-
treated air into cleanrooms. Both airlock doors
should not be open simultaneously. An interlocking
system or a visual and/or audible warning system
should be operated to prevent the opening of more
than one door at a time.

Only the minimum number of personnel re-
quired for efficient processing should enter the pro-
cessing areas. The need for additional persons to
be present in processing areas should be taken into
account during risk assessment when the procedure
is being designed.

High standards of personal hygiene and clean-
liness are essential. Changing and washing should
follow a written procedure designed to minimise
contamination of clean area clothing or transfer
of contaminants to the cleanrooms. Wristwatches,
make-up and jewellery must not be worn in clean
areas. Outdoor clothing must not be brought into
changing rooms that lead to Grade B and C rooms.

Required clothing should be chosen, based
on the process and grade of the processing area.
Minimum requirements modified from EU GMP
Annex 1 are listed in Table 8.7. Clothing should be
pocket-less, made of lint-free material, with tightly

Table 8.7. Minimum clothing requirements (adapted from EU GMP Annex 1)

Classification Clothing Description
Grade D Facemask Depending on the process, at least beards and moustaches should be covered
Cap Hair should be covered
Suit A general protective suit
Shoes disinfected or sterilised shoes or overshoes
Gloves Dependent upon the process
Grade C* Facemask Depending on the process, at least beards and moustaches should be covered
Cap Hair should be covered
Suit A single or two-piece trouser suit gathered at the wrists and with high neck
Shoes disinfected or sterilised shoes or overshoes
Gloves If directly handling tissues and cells, sterile non-powdered rubber or plastic. Otherwise,
non-sterile, non-powdered rubber or plastic are acceptable
Grade A/B* Facemask Sterile, single-use. Headgear should totally enclose facial hair. Sterile eye protection/
coverage is dependent upon the process
Cap Sterile headgear should totally cover hair, beards and moustaches; it should be tucked
into the neck of the suit
Suit Sterile coverall
Shoes Sterilised footwear, boot-like structure to enable the trouser-legs to be tucked inside the
footwear
Gloves Sterile, non-powdered rubber or plastic gloves

* In general, the protective clothing material should shed no fibres, and clothing should retain the particles shed by the body.
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fitting fasteners at the neck, wrist and ankles. For each
worker in a Grade A/B area, clean sterile (sterilised
or sanitised adequately) protective garments should
normally be provided at each work session (or slightly
less often if monitoring results justify it) but in any
case at least once a day. Masks and gloves should be
changed at least after each working session. Gloves
should be changed regularly during operations. Dis-
infection of gloves is acceptable in Grade C and D
environments as long as direct contact with tissues
and cells is excluded. When operators are trained in
the use of good aseptic practices, documented with
a successful process simulation, the operator glove
sites can be considered as a non-critical surface [13].
The efficacy of disinfection depends on the disin-
fectant/type of gloves combination. Disinfection of
some gloves has an influence on the tightness of the
gloves [14]. A complete investigation should be per-
formed and documented to evaluate the impact of
glove disinfection.

Gowning procedures for personnel should
be validated at least in Grade A/B areas to ensure
that gowning materials and protocols are adequate.
Samples should be taken from the surface in several
fixed sites on clothing:

a. fingers of gloves;

b. facemask;
c. sleeve (forearm) of a suit;
d. front of the suit at chest height;
e. hood.
8.7. Cleaning

ppropriate sanitation of clean areas is of the

utmost importance to satisfy environmental re-
quirements. The cleaning process (both schedule and
procedure) should be validated, and the validated
cleaning process should be followed to achieve the
required level of cleanliness. The cleaning validation
should consider the influence of the time between
processing and cleaning and the time between
cleaning and processing to define how long the
cleaning process can be delayed after processing and
how long the cleaning process remains effective.

All cleaning procedures should be documented.
Cleaning should be done by personnel trained for the
procedure, cleanroom environment, workflows and
gowning. Appropriate disinfectants should be se-
lected, based on the types of micro-organism found
in the environment. Rotation of different types of
disinfectant should be included in the disinfection
programme to avoid any antibiotic resistance effect
due to biocides [15] and to cover a wider range of
micro-organisms. Cleaning products are made up of

broad-spectrum disinfectants containing quaternary
ammonium compounds, stabilised chlorine dioxide,
hydrogen peroxide and sodium hypochlorite.

Disinfectants and detergents used in Grade A
and B areas should be sterile before use, and be re-
placed within a defined period after opening, to be
determined by risk assessment. Cleaning products
should therefore not only disinfect the premises but
also be safe for the human tissues and cells. Espe-
cially in ART centres, certain biocides might be detri-
mental for gametes and embryos, and therefore care
should be taken in choosing the appropriate cleaning
products and disinfectants [16]. Disinfectants and
detergents used in Grade A and B areas should be
sterile before use. Microbiological monitoring of the
cleanroom should be undertaken regularly to detect
development of resistant strains. Fumigation may be
useful for reducing microbiological contamination
on inaccessible surfaces.

Some tissue banks and cell banks accept ma-
terial for autologous use from donors infected with
HIV, HBV or HCV. In such cases, separate processing
should be done and validated cleaning procedures
applied. After processing, the surface should be de-
contaminated using disinfectant with specific label
claims for blood-borne pathogens (e.g. HIV, HBV,
HCV) or a freshly diluted bleach-based product in
accordance with manufacturer’s instructions, and
the surface should be allowed to dry.

Inactivation of prions should be consid-
ered if risk of prion contamination has occurred,
e.g. if tissues or cells from a Creutzfeldt-Jakob
disease-positive donor have been processed or stored.
Prions are very resistant to inactivation. Published
methods for prion inactivation include physical
and chemical methods. Concentrated solutions of
sodium hypochlorite achieve inactivation but other
chlorine-releasing compounds are less effective.
Sodium hydroxide (2 M) leads to substantial (but in-
complete) inactivation. Other chemical procedures,
such as the use of proprietary phenolic disinfectants,
are much less effective. Infectivity can survive auto-
claving at 132-138°C and, under certain conditions,
the effectiveness of autoclaving declines as the tem-
perature is increased. The small resistant subpopu-
lations that survive autoclaving are not inactivated
simply by re-autoclaving, and they acquire biological
characteristics that differentiate them from the main
population. Despite the limitations of autoclaving,
combining autoclaving (even at 121°C) with treat-
ment using sodium hydroxide is extremely effective
[17].

Storage facilities should be cleaned according
to a schedule. Also, handling and disposal of wastes
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should include appropriate collection, storage and
transportation procedures according to applicable
European, national and local regulation.
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Chapter 9. Processing

9.1.  Introduction
he term ‘processing’ means all operations in-
volved in the preparation, manipulation, pres-
ervation and packaging of tissues or cells intended
for human application as well as inactivation of
micro-organisms in such tissues and cells. Storage
is necessary at various stages from procurement to
clinical use and must be controlled and documented
to ensure that the required properties of the tissues or
cells are maintained and that cross-contamination or
loss of traceability is avoided (see Chapter 10 - Storage,
Chapter 12 - Release, distribution and import/export,
and Chapter 16 - Traceability). Packaging and label-
ling are described in more detail in Chapter 15.

The aims of processing tissues and cells include:

a. improving the clinical outcome of a tissue graft
or cells by removing those elements that may
contribute to decreasing the performance of
the tissues or cells before application, ex vivo
— for example, decellularisation of a tissue gratft,
or removing seminal plasma by density gra-
dient centrifugation before intra-uterine in-
semination;

b. reducing the risk of disease transmission by
the inactivation of micro-organisms or even
sterilisation, in circumstances where cell via-
bility is not required;

c. preservation of the required properties of the
biological material, making extended storage
for future use possible;

d. facilitating and optimising clinical use by di-

viding a donation into multiple, ready-to-use
units of tissues or cells.

Processing includes a range of activities in-
cluding (but notlimited to) washing, cutting, grinding,
centrifugation, soaking in antibiotic or antimicrobial
solutions, sterilisation, separation, decellularisation,
concentration or purification of cells, freeze drying,
freezing, cryopreservation and thawing.

Although it can deliver great benefits, pro-
cessing can also introduce risks. The potential risks
include:

+ microbial contamination from the environ-
ment or the operator, or cross-contamination
from other tissues or cells,

o errors in identification or labelling,

« damage to the tissues or cells that reduces their
clinical efficacy.

For these reasons, processing of tissues and
cells must be carried out within a comprehensive
quality-management system, must be documented
using standard operating procedures (SOPs) and
must be thoroughly validated, to demonstrate that
the quality and efficacy of the final product have not
been unacceptably compromised and that contam-
ination or cross-contamination has not been intro-
duced during processing.

The process of procurement ends with the col-
lection of cells and tissues from a donor, and usually
takes place in facilities outside the TE, such as hos-
pital mortuaries, operating theatres or apheresis
units. Following procurement, the cells and tissue
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are transferred to the TE, where they can be pro-
cessed and stored under controlled conditions. There
are occasions when the initial steps of processing are
performed at the procurement facility for operational
reasons, but this is not recommended and should be
avoided unless absolutely necessary, due to elevated
risks of microbial contamination and cross-contami-
nation in these environments. (see §7.4.1).

This chapter provides generic guidance on the
processing of tissues and cells carried out by tissue
establishments (TEs). Further, more specific, guid-
ance is provided in Part B of this Guide. It is also im-
portant that TEs follow the Good Practice Guidelines
for tissue establishments (GPG) to provide the key el-
ements of their procedures, which should be defined
and controlled within the TE’s quality system. Where
relevant, the GPG sections pertinent to the topic are
referenced in each subsection of this chapter.

Receipt at the tissue
establishment

Each TE must have a documented policy and
specifications against which each consignment
of tissues and cells (including blood samples from
donors) is verified. Verification is the confirmation
through the provision of objective evidence that spec-
ified requirements have been fulfilled. These specifi-
cations must include the technical requirements and
other criteria considered by the TE to be essential
for the maintenance of acceptable quality. When the
procured tissues or cells arrive at the TE, there must
be documented verification of the consignment. Doc-
uments must be completed covering the transport
- including the transport conditions, packaging, la-
belling and associated documentation — and samples
(including blood) to ensure that they meet the re-
quirements and specifications of the receiving estab-
lishment (and, in EU countries, the requirements of
Annex IV of Commission Directive 2006/17/EC).

Upon receipt of the documentation, the pro-
curement report and shipping record (if the do-
nation was transported by a third party) must be
cross-checked with the contents of the package. The
packaging, the tissues and cells received, and any ac-
companying samples must all be examined to ensure
that they have not been damaged or tampered with
during transit.

The following must be checked and recorded
(where appropriate):

a. (no) evidence of unauthorised opening or ma-
nipulation;
b. (no) signs of damage that might result in the

9.2,
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deterioration of tissues and cells and (no) signs
of incidents relating to storage or transport;

c. transport conditions and storage temperature
and time in transit (unless a validated trans-
port method has been used, or a validated sur-
rogate method of confirmation, such as the
presence of solid refrigerant in the container,
can be employed);

d. unique identification of the donor (donation
number);

e. description of the tissues or cells (including
number of units per device or ampoule);

f. procurement report including procurement
date and time;

g purpose of tissues and cells (i.e. for transplant/
research);

h. associated samples (including blood).

The TE must ensure that the tissues and cells
received are quarantined and stored in a defined,
separated and adequate location under appropriate
conditions until they, along with the associated
documentation, have been inspected or otherwise
verified as conforming to requirements. The accept-
ance or rejection of received tissues or cells must be
documented.

The data that must be registered at the TE
include:

a. consent/authorisation, including the pur-
pose(s) for which the tissues and cells may
be used and any specific instructions for dis-
posal if the tissues or cells are not used for the
purpose for which consent was obtained;

b. all required records relating to the procure-
ment and donor medical/behavioural history
(see §7.5);

c. for allogeneic donors, eligibility, i.e. a prop-
erly documented review of donor evaluation
against the appropriate selection criteria by an
authorised and trained person;

d. in the case of tissues and cells intended for au-
tologous use, if relevant, documentation of the
possibility of medicinal allergies (such as to
antibiotics) of the recipient.

Review of the relevant donor/procurement in-
formation, and thus acceptance of the donation, needs
to be carried out by specified/authorised persons.

The TE must have documented procedures for
the management and segregation of non-conforming
tissues or cells, or those with incomplete test results
for infectious diseases, to ensure that there is no risk
of contamination of other tissues and cells being pro-
cessed, preserved or stored.



GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

If the material is not being transported by their
own personnel, the TE should prepare an agreement
to be signed by third parties that defines the respon-
sibilities of each party in the transport of tissues and
cells to the TE. Such transport should ensure the
safety of the tissues and cells and maintenance of
their temperature conditions, and prevent unauthor-
ised access.

Quality-control checks of procurement and
transportation methods should be reviewed regularly
by TEs to ensure that the integrity of tissues or cells
and the storage temperatures are maintained during
procurement and transit.

9.3. Coding
TES must ensure that human tissues and cells

are correctly identified at all times. Upon
receipt of the tissues and cells, the TE must assign
a unique identification code to the material if this
has not already been done at procurement. This code
can then be extended to identify the different prod-
ucts and batches of tissues or cells obtained during
processing.

Tissues and cells must be labelled at all stages
of processing (see Chapter 15 for further guidance
on labelling and Chapter 16 for further guidance on
traceability). The label must include a unique identi-
fier and, depending on the product, may also contain
the following information:

a. identification of the TE;
type and characteristic of the product;
batch or lot number (if applicable);
recipient name (if applicable);
expiry date.
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The coded data must be entered in a register
maintained for the purpose.

9.4.

Tissues and cells should be appropriately pro-
cessed, preserved and decontaminated for clin-
ical use. TEs must address all processes that affect
quality and safety through their quality system and
associated SOPs.

TEs must ensure that the equipment being
used, the working environment, process design, and
validation, verification and control conditions are in
compliance with established quality and safety re-
quirements (see Chapter 2). Each step of processing
must be carried out under defined conditions to
guarantee the quality and safety of tissues and cells,
as well as the safety of TE personnel.

Processing methods

If a TE entrusts one of the stages of processing
to a third party, a written agreement is needed
between the TE and the third party. The TE must
evaluate and select third parties on the basis of their
ability to meet the established standards.

The recommended time limits between pro-
curement, processing and storage are described in
the tissue- and cell-specific sections of this Guide (see
Part B). When appropriate, these maximum times
from procurement (or circulatory arrest) until pro-
cessing and storage must be defined. Procurement,
processing and storage times must be documented in
the records for tissues and cells.

9.41.  Processing reagents

The reagents used in processing should be
of an appropriate grade for their intended use, be
sterile (if applicable) and comply with existing na-
tional regulations. Use of antibiotics during pro-
curement, processing and preservation should be
minimised, and, if used, information regarding the
possibility of allergic reactions in the recipient must
be included in the information provided to the end
users. Whenever possible, reagents used for procure-
ment, processing, decontamination and preservation
should be CE (Conformité Européenne) marked and/
or of pharmacopoeial grade, if available. Reagents
that are not of appropriate grade must undergo risk
assessment and validation to confirm that they are
suitable for their intended purpose. Reagents not ap-
proved for human use may be used if an equivalent
reagent of appropriate grade is not available, if the
use has been authorised by national authorities and
if the use is supported by risk assessment. The origin,
characteristic conditions for storage (physical, chem-
ical, microbiological) and expiry dates of reagents
should be monitored and recorded. Reagents should
be used in a manner consistent with the instructions
provided by the manufacturer. Critical reagents and
consumables should have written specifications de-
scribing, if applicable:

a. materials, including:
i.the designated name and the internal code ref-
erence;
ii. the reference (if any) to a pharmacopoeia;
iii. the approved suppliers and, if possible, the
original manufacturer of the products;
iv.a specimen of printed materials;
v. certificate of compliance from the manufactur-
er.

b. directions for sampling and testing, or refer-
ence to procedures;
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c. critical quality attributes, with acceptance
limits;

d. shelflife, storage conditions and precautions;

e. the maximum period of storage permitted
before re-examination.

9.4.2.  Processing techniques

9.4.2.1. General principles

Processing methods must not render the tissues
or cells clinically ineffective or harmful to the recip-
ient. They should be designed to ensure the safety and
biological functionality of prepared tissues and cells.
Processing methods should be validated to ensure
they achieve their objectives (see the general text on
validation in Chapter 2 and §9.10 below).

Processing procedures must undergo regular
re-validation to ensure that they continue to achieve
the intended results.

Pooling of different tissues and cells from two
or more donors during processing is not recom-
mended. The only exception is where it is supported
by a comprehensive risk-benefit assessment and it
has been demonstrated to be the only way of pro-
viding sufficient clinically effective tissues or cells.
If performed, traceability must be fully ensured. In
the case of MAR, in each MAR cycle an oocyte or
oocytes from one patient/donor can only be mixed
with sperm from one donor.

9.4.2.2. Procedures

The main types of processing procedure that
can be applied to tissues and cells include, but are not
limited to:

 Cleansing of procured material by removal
of extraneous tissues and bodily fluids is a
common initial processing step. Commonly,
scalpels, scissors and gauze wipes are used in
this process.

« Separation is used to partition the specific type
of tissue or cell to be processed from another
type, for example to divide dermis and epi-
dermis, or amniotic membrane and chorion. It
may involve the use of enzymes to separate and
isolate tissues or cells.

« Cutting and shaping allows initial prepara-
tion of procured tissues into the shapes and
forms required for transplantation. Different
types of cutting device can be used, depending
on type of tissue. For cutting bone, different
types of saw may be used, such as oscillating
saws, bandsaws or rotary saws, whereas for
soft tissues such as skin and tendon, scissors or
scalpels may be used.

135

Grinding, by different types of mill, is used to
pulverise bone tissue into smaller pieces. De-
pending on the type of bone being ground,
actively cooled grinding mills that dissipate
heat may be used, to prevent the bone being
damaged by excessive temperatures caused by
grinding friction.

Washing may be performed for one or more of
the following purposes:

as an initial step in processing, e.g. to remove
surface blood and lipids,

as an integral part of a process, e.g. to remove
bone-marrow components from musculoskel-
etal allografts,

to remove traces of chemical compounds used
during processing.

Washing may also be used to decrease the bio-
burden of tissues. Several types of washing solu-
tion may be used, e.g. distilled water, 0.9 % NaCl,
balanced salt solution, phosphate-buffered
saline, or alcohols. The washing protocol uti-
lised should be validated to demonstrate that
it does not detrimentally affect the clinical efh-
cacy or safety of the tissue [1, 2].

Centrifugation may be used to concentrate and
separate cells from a suspension or different
fractions of suspensions, or to remove marrow,
blood and lipid components from musculo-
skeletal allografts.

Supercritical CO, processing involves the use
of carbon dioxide under high pressure. Under
these conditions, this substance behaves as a
supercritical fluid solvent, which is very effec-
tive at removing fluids, lipids and cells from
solid tissues.

Disinfection by soaking or rinsing in anti-
biotic or antimicrobial solutions is commonly
used for decontamination of viable tissues that
cannot be terminally sterilised, and as a stage
in the processing of subsequently sterilised
tissues to reduce the bioburden.

Cell concentration and selection is used as an
initial step for HPC processing or for in vitro
cell cultures. This may also include the isola-
tion of particular cell types, e.g. mononuclear
cells from peripheral blood.

Filtering procedure is used after bone-marrow
collection.

Decellularisation is a technique that aims to
remove most of the cellular content of the tissue,
leaving behind just the extracellular matrix
(ECM). These extracellular matrices may be
implanted directly or used as a scaffold for the
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manufacture of tissue engineered products. See
Chapter 21, Chapter 22 and Appendix 34 for a
more detailed discussion of decellularisation.

o Devitalisation is a term used to describe a
process which will intentionally kill donor cells
in a tissue, but not necessarily remove the dead
cells from the tissue, such as freeze thawing or
glycerolisation.

o Demineralisation is a process of chemical
removal of the bone mineral, resulting in expo-
sure of biologically active bone morphogenetic
proteins present in bone tissue. Demineralisa-
tion is usually performed using a dilute (0.5 M
or 0.6 M) HCI solution.

o Freeze-thawing of tissues can be used as a pro-
cessing step, for lysis of cells prior to washing
procedures.

TEs should satisfy themselves that any pro-
cessing that they apply to tissues and cells is not
classified as ‘substantial manipulation’ according
to Regulation (EC) No. 1394/2007, the Advanced
Therapy Medicinal Products (ATMP) regulation. If
so, there is a possibility that the tissue or cell product
could be classified as an ATMP. Further informa-
tion can be found in Annex 1 of the Regulation, and
guidance can be obtained from the Committee for
Advanced Therapeutics (CAT) of the European Med-
icines Agency. In case of doubt, TEs should contact
their Health Authority for advice.

9.5. Preservation methods

reservation of tissues and cells for long-term

banking is central to the operation of a TE. It is
essential that a preservation technique appropriate
for the graft in question is selected. The selected tech-
nique must be capable of retaining the essential prop-
erties of the graft (e.g. viability, structural integrity)
for the duration of the maximum possible storage
period.

951.  Types of preservation

Tissues and cells can be preserved by different
techniques including, but not limited to, refrigeration,
freezing, lyophilisation, dehydration, cryopreserva-
tion, organ culture, vitrification or glycerolisation.

Refrigeration, or hypothermic storage, is used
for short-term storage of tissues and cells following
procurement, or during processing. It may also be
used for the short-term preservation of tissues and
cells between processing and transplantation, where

other types of preservation are not feasible, for
example the storage of corneas, or fresh osteochon-
dral grafts where donor cell viability is essential. Re-
frigeration involves storing tissues and cells above
freezing point, normally at temperatures between 2
and 8 °C or a tighter range within this overall range.

Freezing is used for pre-processing storage of
procured tissues, for in-processing storage between
different processing steps of non-viable tissues and for
storage of processed tissue awaiting release for trans-
plantation. Freezing can disrupt tissues and cells [3].
Hence, the method of freezing used must take into
account the eventual use of the tissues and cells.

Lyophilisation (or freeze-drying) involves de-
hydration of tissues by freezing and then reducing
the surrounding pressure to allow the frozen water
in tissue to sublimate directly from the solid phase to
the gas phase. Lyophilisation prevents tissue autolysis
and allows storage at room temperature.

Dehydration accomplishes the removal of water
from tissues by passive evaporation, without the use
of freezing and negative pressure as required for lyo-
philisation. It is generally used for the preservation of
thin tissues such as amniotic membrane which can
dry quickly at room temperature. Dehydration can
be accelerated by placing the tissue under a contin-
uous air flow, and by the use of hygroscopic materials
in contact with or adjacent to the tissue.

Cryopreservation is a process where the bio-
logical and structural functions of tissues or cells
are preserved by cooling to sub-zero temperatures
in a cryoprotectant. This is used where cell viability
must be maintained. The rate of cooling must also be
controlled to prevent formation of ice crystals within
cells, which can result in damage and loss of via-
bility and integrity. Once cryoprotectants are added,
tissues/cells may be placed in a freezing device (such
as a controlled-rate freezer) that gradually reduces
the temperature of the grafts.

Organ culture involves storing tissues at nor-
mothermic temperatures, for a short period between
completion of processing and transplantation. It is
generally used where preservation of donor cell via-
bility and phenotype is essential and requires the use
of nutrient-rich storage media.

Vitrification is ice-free cryopreservation. The
crystallisation of ice is avoided by a combination of
high cryoprotectant concentrations and rapid cooling.

Glycerolisation is a procedure for soaking
tissues, mainly skin, in a concentrated glycerol solu-
tion. The glycerol binds water in the tissue and pre-
vents degradative processes occurring.
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9.6. Decontamination methods

Microbiological and viral safety are critical for
cell and tissue transplants. Validated sterilisa-
tion and virus-inactivation processes are mandatory
in many jurisdictions. In some countries a validated
disinfection process may be accepted as an alterna-
tive to sterilisation.

It is important to clearly define terms when dis-
cussing the removal of micro-organisms and the inac-
tivation of viruses. Typically, more than one process
contributes to the overall effect. Initial steps generally
serve to reduce and/or control the bioburden for the
main process.

0.61.  Types of decontamination

9.6.1.1.  Disinfection
Disinfection is a term used for non-sterilising
processes that kill bacteria, and/or fungi and/or
spores, and/or inactivate viruses via a known, direct
and quantifiable physical or chemical mode of action.
In the preparation of tissue grafts, disinfection pro-
cesses are either precursors to sterilisation processes
or in some cases, where sterilisation is either not re-
quired or not possible, are themselves the primary
mechanism for ensuring microbiological graft safety.
Generally, when used as a precursor to steri-
lisation, a disinfection process is intended to reduce
the bioburden on the tissue prior to sterilisation such
that it does not exceed a level that can be reliably and
completely eliminated by the sterilisation process.
When used as the main step for the removal
of bacteria, spores and fungi and the inactivation of
viruses, the process should be validated according to
national requirements. In some instances, sterility
tests on individual transplants may be required.
Some establishments rely upon a validated ther-
modisinfection process for the attainment of micro-
biological transplant safety [4]. Tissues that cannot be
subjected to high temperatures or other disinfection
procedures may be treated with antibiotic-based dis-
infection steps. The risk that antibiotic residues could
remain in the tissue post-disinfection, and compro-
mise post-disinfection sterility, must be considered
[5]. Such processes should therefore be validated and
verified for both efficacy and residual antibiotic levels.
Information provided to users must include infor-
mation about such residues, as some patients may be
allergic to certain antibiotics and other decontami-
nants, such as povidone iodine.
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9.6.1.2. Sterilisation

Sterilisation is defined as a process that
results in the complete absence of all cell-based
micro-organisms capable of replication. In the
preparation of tissue grafts a sterilisation process will
usually also have to meet the requirements for virus
inactivation.

Sterilisation processes can be based on moist
or dry heat, chemical agents, irradiation or high
pressure. Sterilisation processes used in tissue-graft
preparation are held to exacting standards and
must be validated and verified according to national
requirements.

Individual validation methods for processes
used to sterilise tissue transplants are feasible, but
the following established, standardised approaches
are available:

a. Sterility Assurance Level (SAL). For sterili-
sation processes with a well-defined dose/
kill relationship, a very high degree of ste-
rility assurance can be achieved and quanti-
fied with an SAL. The SAL is expressed as an
experimentally-derived number defining the
likelihood of a contaminant surviving the
process. The smaller the number, the higher
the likelihood of sterility. For some classes of
medical device and for some medicinal prod-
ucts, there is a European requirement that a
sterilisation process must be validated to give
a value of SAL <10 ° for the product to be la-
belled ‘sterile’. This SAL means that the like-
lihood of non-sterility is 1 in 1 million. (This
is often interpreted as meaning that in a the-
oretical batch with 1 million ‘units’, at least
999 999 units must be sterile. More relevant for
tissue transplants is the interpretation that the
process should result in all units being sterile
in 999 999 from 1 million cycles.) At the time of
writing there are no defined national require-
ments within Europe for sterilisation processes
used to treat tissue transplants to be validated
for a specific SAL. At the same time, when an
SAL approach is used, a manufacturer may
have difficulty convincing national authorities
that a process with a ‘lower’ SAL should be ap-
proved. There is a very important limitation of
the SAL approach for sterilisation processes
used for the treatment of tissue grafts: the SAL
method cannot be used to quantify the efficacy
of virus inactivation. For this reason, in coun-
tries with the most stringent quality standards
for tissue grafts, an alternative approach is con-
sidered appropriate.

b. Potency against a panel of bacteria, spores and
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viruses. Validation of potency can be achieved
by application of the EN 1040 standard and/or
Committee for Proprietary Medicinal Products
(CPMP) guidelines [6, 7]. This type of validation
requires that the maximum anticipated level of
bacterial, fungal and viral contamination can
be eliminated, by establishing the elimination
capacity in terms of the number of log-scale
reductions in the concentration of samples
spiked with a panel of bacteria, fungi and
viruses. The panel should cover Gram-positive
and Gram-negative bacteria, spores and fungi,
and should include known relevant ‘resistant’
species. In the case of viruses, relevant species
of enveloped and non-enveloped viruses cov-
ering the range of virus particle sizes should be
included [7].

9.6.1.3. Virus-inactivation process

The virus-inactivation process is based on
the capability of the process to inactivate and/or
remove virus. Validation and verification of the
virus-inactivation process will provide the evidence
that the process will effectively inactivate or remove
viruses that are known to contaminate the starting
material or that could conceivably do so. The valida-
tion is based on a choice of virus similar to the virus
that may contaminate a tissue. Such types include en-
veloped, non-enveloped, DNA and RNA viruses [7].

0.6.2.  Sterilisation methodologies applicable
to tissue grafts
9.6.2.1. Irradiation

Irradiation with gamma particles or accelerated
electron beams can be used for the sterilisation and
viral inactivation of tissue transplants. For the steri-
lisation component, such processes are well suited to
validation according to SAL. Gamma radiation is ef-
fective in killing bacteria, fungi, spores and, to a more
variable degree, viruses. However, depending on the
dose and irradiation conditions, gamma radiation
can have a negative effect on the mechanical prop-
erties of the grafts. Applying appropriate, validated
and verified irradiation conditions can substantially
reduce these negative effects and protect the graft in-
tegrity. There are data that suggest that treatment of
allografts with less than 25 kGy does not affect the in-
tegrity of the allograft [8]. The dose of irradiation re-
quired for sterilisation is determined by the number
and identity of potential contaminants. TEs should
undertake studies to evaluate the bioburden present
on allografts prior to irradiation, and based on these

calculate an appropriate dose of irradiation to reli-
ably accomplish sterilisation [9, 10].

High doses of irradiation and concomitant
transient high temperatures (=60 °C) are likely to
have negative effects on transplant properties. It is,
however, not possible to make generally applicable
statements about the extent to which such effects
will influence the clinical performance of transplants.
The adverse effects of irradiation can be ameliorated
by reducing the temperature and inclusion of radi-
oprotectant chemicals [10, 11]. Irradiating musculo-
skeletal tissues in the frozen state retains the primary
effects of gamma irradiation sterilisation (the
breaking of covalent bonds by high-energy gamma
rays) while minimising the secondary effects of the
process (generation of free radicals). Overall, this can
reduce the damage done to allografts by the irradia-
tion process but may also provide some protection to
micro-organisms.

9.6.2.2. Peracetic acid-ethanol treatment

This method is typical of the ‘panel” approach in
9.6.1.2b above. In one example of a peracetic acid (1 %)
ethanol sterilisation process, the method was tested
in allogenic avital bone transplants with a thickness
of 15 mm. The process led to a reduction of virus titres
of more than 4logio TCID5o/mL. For viable bacteria,
fungi and spores, a titre reduction below the detec-
tion level (5logio CFU/mL) was achieved after an in-
cubation time of 2 hours [12]. In the case of chemical
treatment of tissues the question of potential residues
could be a concern and the risk, if applicable, should
be included in the ‘instructions for use’.

Requirements for processing

facilities

Facilities for aseptic and clean, non-sterile pro-
cessing must be dedicated to this activity, and

must be designed, qualified and monitored to ensure

that the air quality is appropriate for the process

being carried out (see Chapter 8).

Minimising risks of contamination during
procurement (see Chapter 7) and processing (see
Chapter 9) activities is crucial to ensure graft safety.
Risks are often multi-factorial and, to help quantify
and map them, a dedicated chapter (Chapter 3) has
been developed, as well as a tailored Microbiological
Risk of Contamination Assessment tool (MiRCA). By
using this tool, TEs can better understand the overall
risk of their protocols, how risk factors are distrib-
uted along the tissue/cell supply chain, from procure-
ment to distribution, and how to implement the most
efficient mitigation or risk-reducing measures.

9.7.
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9.71. Avoiding contamination and cross-

contamination

In order to avoid cross-contamination, the
tissues or cells from one donor should not come into
contact, atany time during processing or storage, with
tissues or cells from another donor, unless they are
intentionally pooled. A separate set of clean, sterile
instruments should be used for each donor. Where
possible, these should be single-use and disposable.
In some cases, e.g. for ocular tissue, single-use sur-
gical instruments for procurement and processing
are available and recommended. Each tissue or cell
product should have a batch number that is also re-
corded in the processing records.

Pooled tissues or cells should be treated as a
single batch, ensuring that full traceability to all the
donations included in the pool is maintained. Due to
the high probability of cross-contamination resulting
from pooling, it must be supported by a thorough
risk-benefit analysis.

9.8.
9.8.1.

Quality control
General considerations

Tests and procedures should be carried out to
measure, assay or monitor processing, preservation
and storage methods, equipment and reagents to
ensure compliance with established tolerance limits.
Written procedures must be in place that govern
quality control at key stages during processing. The
written procedures should include as a minimum the
test method, the sample size and the acceptance cri-
teria. The minimum requirements for evaluation of
each type of tissue and cell are described in tissue-
and cell-specific chapters (see Part B). The results of
all tests or procedures should become part of the per-
manent processing record.

If in-process quality controls are undertaken in
the processing area, they should be carried out so that
there is no risk to the processing steps being followed.

9.8.2.  Microbiological testing

In many cases, it is not possible to exclude
contaminated material during processing because
the tissue originates from parts of the body which
contain natural microbial flora, and pre-processing
disinfection is not 100% effective. The microbio-
logical safety of tissues and cells is based on donor
selection and minimisation of initial contamination,
with the use of protocols to control and monitor con-
tamination during the entire procurement process.
Chapter 11 describes methods of microbiological
control. Sampling and testing methods must be val-
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idated to demonstrate that the sampling method
accurately represents the tissue and that the testing
methods are suitable and fit for purpose.

Various procedures exist for securing mi-
crobiological control, such as decontamination by
antibiotics, or physicochemical methods. If physico-
chemical methods are to be applied, these proce-
dures must be adapted to the type of tissue or cell and
should be validated. The effectiveness of a decontam-
ination or inactivation procedure must be shown for
relevant micro-organisms in the tissue or cell prepa-
ration itself and not only in an aqueous solution. The
risk that some micro-organisms may survive decon-
tamination with antibiotics, but not be detected by
post-decontamination microbiological testing, must
be considered. This factor has been implicated in the
death of, and serious injury to, patients [13, 14].

TEs should also consider the potential risk that
use of antibiotics to decontaminate tissue and cell
allografts may cause endotoxins to be released, due
to the destruction of the cell walls of Gram-negative
bacteria. This phenomenon is recognised clinically
[15] when antibiotics are used to treat sepsis, but has
not been reported following decontamination of
tissue allografts (see Chapter 11 for further details).

Non-conforming products must be identified
and separated from conforming products. The fate
of non-conforming products will be decided by the
Responsible Person (RP) in charge of the TE.

9.9. Significant changesin

processing protocols

documented risk assessment approved by the RP

must determine the fate of all stored tissues and
cells following the introduction of any new donor se-
lection or testing criterion, or any significantly mod-
ified processing step, that enhances safety or quality.
Guidance on risk assessment is provided in Chapter 3.

A documented change-control procedure must
be followed before any significant change is imple-
mented in processing. This must be supported by a
comprehensive risk assessment. The purpose of this is
to ensure that the change is justified, is documented
and will not affect the quality of the product (see
Chapter 2). All relevant persons should be involved
in evaluation of the change.
As a minimum, the following aspects of any
change in processing should be evaluated:
a. significance;

effect on quality;
need to update SOPs;
need to re-validate the process;
effects on quality-control (QC) analyses;
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f need to inform, and be authorised by, regula-
tory authorities;

g need to train personnel;

h. effect on risk analyses.

9.10. Process validation and
verification

f processing is carried out according to GMP, the
processing validation and subsequent verification
activities must also be done according to GMP guide-
lines. In the EU, Commission Directive 2006/86/EC
allows for validation studies to be based on any of the
following:
a. studies undertaken by the establishment itself;
b. data from published studies;
c. for well-established processing procedures, ret-
rospective evaluation of the clinical results for
tissues and cells supplied by the establishment.

Where validation is based on studies carried
out by the establishment itself, reports should include
at least the following elements:

a. a validation plan that specifies the critical pa-
rameters to be assessed and the acceptable
result thresholds for these parameters;

b. adocumented methodology;
all results obtained, described clearly and with
relevant interpretation;

d. a declaration of validation acceptance or rejec-
tion signed by the quality manager (QM) or a
person authorised by the RP.

The principle of the “worst case” scenario
should always be applied in the design of validation
studies; this means that the most extreme conditions
of the processing protocol should be evaluated with
regard to their effects on the critical quality attrib-
utes of the tissue or cell product being prepared. For
example, if an irradiation sterilisation process is used
for a tissue graft, validation of the antimicrobial effi-
cacy of the process should be done at the lower end
of the acceptable dose range, while validation of the
effects of the process on the structural properties of
the tissue should be done at the upper end of the ac-
ceptable dose range. The equipment used for valida-
tion studies should be fully qualified, and measuring
devices should be calibrated to traceable stand-
ards. For examples of good practice in the design of
process validation studies, see Appendix 6. Example
of process validation - tissue transportation and Ap-
pendix 7. Example of method validation - oocyte
vitrification.

Where validation is based on data from pub-

lished studies, the relevant publications should be
filed as part of the validation record. In this case, the
TE should demonstrate that they can effectively re-
produce the published process with the same results
in their facility (operational validation). Copies of the
relevant SOP and the results of the operational val-
idation should be recorded, to demonstrate that the
process is equivalent to that applied in the scientific
literature.

Where specific steps have been significantly
modified or adapted, separate validation should
confirm that these changes have not invalidated the
method. There should be a signed declaration of vali-
dation acceptance or rejection by the QM or RP.

If validation is based on retrospective evalu-
ation of the clinical results for tissues or cells sup-
plied by the establishment (i.e. for well-established
processing procedures), data should be collected and
analysed that include the number of tissues or cells
implanted following processing by the method under
consideration, and the time period (start and end
dates/times) during which these implantations oc-
curred. It should be demonstrated that, where a vigi-
lance system was already in place at the time, clinical
users were informed of the procedure for reporting
adverse reactions. There should be a signed declara-
tion of validation acceptance or rejection by the QM
or RP.

The procedures used to prevent or reduce con-
tamination during processing may vary, depending
on the type of tissue and how it is processed. De-
contamination methods, such as antibiotic soaking,
should be validated to demonstrate effectiveness
against a range of contaminants similar to those
commonly found on the tissues or cells in question.
Such studies should be designed to ensure that re-
sidual decontaminants (e.g. antibiotics) do not affect
the validity of the microbial tests carried out on the
product. If the process includes a sterilisation or viral-
inactivation step, process-specific validation studies
should be completed to demonstrate the log reduc-
tion achieved by the process.

Subsequent to process validation and during
routine processing, TEs should monitor tissue and
cell quality according to a documented schedule and
frequency. This verification will provide assurance
of the continued capability of the process to produce
finished tissues and cells that meet their required
specifications. Relevant process trends (e.g. quality of
incoming materials or components, in-process and
finished product results, cases of non-conformance
and defect reporting) should be collected and as-
sessed to verify the validity of the original process val-
idation and to confirm that quality control methods
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are still fit for purpose. Documentation and tracking
of patient outcomes constitutes a critical element of
ongoing process verification. For new or significantly
changed processes where significant potential risk is
identified, a system to enable close clinical outcome
monitoring should be agreed with clinical users.
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Chapter 10. Storage

10.1.  Introduction
Storage is the maintenance of tissues and cells for
clinical application under appropriate controlled
conditions and it occurs at various stages from pro-
curement to clinical use. For the remit of this chapter,
storage covers the stages from procurement to distri-
bution. Storage must be controlled and documented
to ensure that the critical properties of the tissues
or cells are maintained during storage and that
cross-contamination or loss of functionality, efficacy,
clinical effectiveness and traceability is avoided.

The opportunity to store tissues and cells is
also common during processing and brings great
advantages:

a. preservation of the required properties of the
biological material, making extended storage
for future use possible;

b. facilitating and optimising clinical use by di-
viding a donation into multiple, ready-to-use
units of tissues or cells;

c. reducing the risk of disease transmission by
testing of infectious diseases and microbial
contamination prior to release and clinical use,
though this is only possible if the tissues and
cells can be stored under defined conditions
for an adequate time in order to await the test
results;

d. performing and awaiting other quality-control
results before release, e.g. cell counts, clono-
genic assays for haematopoietic progenitor
cells (HPC), residual moisture in lyophilised or
dehydrated grafts.

This chapter provides generic guidance on the
storage of tissues and cells carried out by tissue es-
tablishments (TEs). Further tissue- and cells-specific
guidance is provided in Part B of this Guide.

Storage

General

10.2.
10.2.1.

Storage facilities for materials, tissues and cells
are present in most TEs, procurement organisations,
donation facilities and organisations responsible for
human application (ORHA). These storage facilities
must have policies and standard operating proce-
dures (SOPs) for all processes that affect quality and
safety.

Storage facilities must ensure that the equip-
ment being used, the working environment, the
process design and the qualification, validation and
control conditions are in compliance with estab-
lished quality and safety requirements (see Chapter 2).
Storage (before, during and after any processing ac-
tivities, as well as after release) must be carried out as
defined in the specifications for the particular tissues
or cells to guarantee their quality and safety. Organ-
isations must have a dedicated area or equipment
for quarantine (temporary storage) and a plan for
back-up storage in the event that the primary storage
area is unavailable. An inventorial audit of tissues
and cells stored should be performed regularly.

If an organisation entrusts one of the stages
of storage to a third party, a written agreement is
needed between the TE and the third party. The TE
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must evaluate and select third parties based on their
ability to meet the established standards of quality.

The recommended time limits between pro-
curement, processing and storage are described in
the tissue- and cell-specific sections of this Guide (see
Part B). These maximum times from procurement (or
cardiac arrest) until processing and storage must be
defined to maintain quality, safety and clinical effec-
tiveness of the tissues and cells. Procurement, pro-
cessing and storage times must be documented in the
records for tissues and cells.

Reference samples of tissues and cells for
quality control should be stored under the same con-
ditions as the tissues and cells themselves (e.g. HPC
and cord blood reference samples).

In the case of termination of all activities, the
tissue establishment must have third-party agree-
ments for transferring stored usable tissues and cells
or for disposing of the unusable tissues and cells to
another active tissue establishment, including quality,
safety and traceability and data.

10.2.2. Methods of storage

Following processing, tissues and cells must
be stored according to currently accepted good prac-
tice, based on the best available scientific evidence
as appropriate, for tissues and cells. All procedures
associated with storage of tissues and cells must be
documented in SOPs.

10.23. Storage temperature

Refrigeration devices/incubators containing
tissues and cells must be suitable for the intended use,
and the procedures for monitoring such devices must
be appropriate so that tissues and cells are maintained
at the required storage temperature. Continuous
monitoring and recording of temperature, together
with suitable alarm systems, must be employed on all
incubators, storage refrigerators, freezers and liquid

Table 10.1. Temperature range for storage of tissues and cells

nitrogen tanks (see Chapter 2). The functionality of
the alarm systems must be checked regularly. Tem-
perature ranges for storage of tissues and cells are
shown in Table 10.1

10.2.4. Requirements for storage facilities

Facilities for storage must be dedicated to this
activity, and must be designed, qualified and mon-
itored to ensure appropriate conditions (see §8.2).
Out-of-order equipment must be labelled accordingly.

A written sanitation programme should be
available, describing the frequency and methods of
cleaning. Additionally, a pest control system should
be in place [1].

If tissues and cells are not stored at the man-
ufacturing tissue establishment, storage may also be
carried out at a storage facility.

Although storage facilities do not need to
strictly follow the same environmental criteria as
the procurement and processing facilities, once the
tissues and cells have been processed and stored/
banked, storage facilities should maintain a secure,
clean and stable environment for long-term storage.
The storage facility should be large enough for its in-
tended purpose.

Theroomshouldbeinadry,cool, well-ventilated
place, free from unnecessary heat sources. Where
mechanical refrigerators and freezers are utilised,
suitable air conditioning systems may be required to
dissipate excess heat.

The necessary air-conditioning capacity for the
storage area should be calculated on the basis of the
actual heat load of the equipment and the environ-
mental factors.

For security reasons, access to the storage fa-
cilities must be restricted to authorised personnel. In
facilities where compressed gases are used, appro-
priate alarms for temperature control and low levels
of oxygen must be in place, in case of liquid nitrogen
leaks. In case of loss of electrical power, as a part of the

Storage method

*°C minimum

*°C maximum

Cryopreservation —196 —140
Deep frozent —-80 - 60
Frozen# <-15
Refrigerated+ +2 +8
Cold or cooledt +8 +15
Room temperature+ +15 +25
Organ culture +28 +37

* Tissue-specific temperatures are indicated in the relevant tissue or cell chapters as well as the associated monographs.

1 Based on general practice.
$ Based on the European Pharmacopoeia [2].
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general emergency plan, the storage facility should
have an uninterrupted power supply (UPS) system
linked to a backup generator for those devices where
temperature cannot be maintained accordingly.

10.2.,5.  Selecting appropriate air quality for

storage

In order to minimise the risk of environmental
microbial contamination, certain areas such as cor-
ridors or open access from outdoors should be sepa-
rated from the storage area by doors. Storage rooms
can be equipped with an HVAC (heating, ventilation
and air conditioning) system for maintaining the
temperature and humidity by adequate air exchange.

10.2.6. Environmental monitoring

Similarly, as with the processing rooms, if
storage is carried out based on the principles of GMP
and defined in the in-house environmental hygiene
programme, monitoring systems for storage rooms
may need to be put in place. The frequency of moni-
toring, as well as the implementation of alarm limits,
will depend on the degree of stringency needed and
the principles of quality risk management. Microbi-
ological contact-plate monitoring may be performed
to demonstrate the degree of cleaning of the room
(see §8.5.2 and §8.5.3).

10.2.7.  Special safety measures for liquid

nitrogen facilities

The organisation of the storage room should
allow circulation and manipulation around the cryo-
genic tanks. The room must be clearly identified with
pictograms indicating the dangers and also the lo-
cation of personal protection equipment. The staff
need to be specially trained and qualified for these
working conditions.

Before entering the room, the staff must be able
to ensure that ventilation is functioning correctly
and be able to check the oxygen level. An adapted
mechanical ventilation (extraction and fresh-air
intake) system, working continuously, is mandatory,
ensuring that under normal operating conditions
the minimum oxygen concentration is kept above a
minimal level. Continuous monitoring of the oxygen
level must be ensured by detectors, checked and
maintained to the supplier’s recommendations. They
must be placed in lower areas of the room in order to
monitor any accumulation of nitrogen at floor level.
The oxygen rate or alarm status must also be visible
and audible outside the storage room.

Following nitrogen evaporation, leading to an
oxygen level equal to or lower than 19 %, an alarm
(visual and audible) must be activated and staff
should then leave the room and await normalisation
of the oxygen level. The alarm should be connected
to a continuous monitoring station allowing alerts for
the staff working in the room and the rescue or assis-
tance of staff, if necessary. Systems must be in place
to ensure that, when the oxygen level in the facility
is lower than 19 %, the facility can only be entered by
suitably trained and qualified personnel equipped
with an independent air supply [3].

Tank-filling systems should be designed to
minimise evaporation of nitrogen. They should be
equipped with safety valves and rupture discs, and
external degassing valves for long lines.

It is important to control condensation on the
tanks and the formation of ice inside them. The floor
should be covered with a material resistant to low
temperatures and high loads, allowing easy move-
ment of the tanks without shock. The tanks must be
maintained and checked according to the manufac-
turer’s guidance.

The entrance door of the room should be
equipped with an oculus allowing surveillance from
outside. Where the entirety of the room cannot be
seen from the oculus, alternative surveillance systems,
such as closed circuit television, should be used. The
opening of the door should be outwards. Gloves with
long sleeves able to protect against cold, cryoprotec-
tive aprons and shoes, as well as safety glasses (EN166)
or visors protecting the face, must be made available
to the staff. (For further details, see §8.2.)

10.2.8. Avoiding contamination and cross-

contamination

Storage conditions must be designed to
minimise the risk of mix-ups, contamination and
cross-contamination of tissues, cells, supplies and
reagents (see also §8.6) [4, 5, 6]. Areas designated for
separate storage of cells and tissues in process, under
quarantine, and released for distribution must be
established and controlled. In order to avoid cross-
contamination, the tissues or cells from one donor
should not come into contact, at any time during
storage, with tissues or cells from another donor,
unless they are pooled intentionally. Every effort
should be made to avoid cross-contamination of ma-
terial. It is advised that, where possible, tissues and
cells should be stored in the vapour phase of liquid
nitrogen, rather than by immersion.

If no alternative is available, tissues and cells
immersed in liquid nitrogen should be double-
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wrapped during storage or stored in a high-security
primary container especially designed for liquid
nitrogen (depending on the storage system, type of
sample and after risk assessment).

This is highly important for storage with liquid
nitrogen owing to the accumulation of microbial
contaminants in liquid nitrogen storage vessels, as
well as to avoid cross-contamination among samples.
The seals and the material employed must be qual-
ified for their use at the designated storage temper-
ature and for the conditions of use, to demonstrate
that the packaging and labelling can retain their in-
tegrity under such conditions.

In principle, to avoid contamination of tissues
and cells, the entry of personnel to the storage facili-
ties should be reduced to a minimum.

Additionally, for periodical cleaning, a cleaning
plan for the sanitation of the storage equipment
should be implemented, depending on the type of
equipment. During the cleaning process, a back-up
unit should be used to provide the same safe con-
ditions as the storage equipment. The emptying for
cleaning and maintenance should be scheduled in
advance and needs to be performed following an SOP.

10.29. Types of storage

10.2.9.1. Quarantine storage

All human tissues and cells that are stored
before having determined their suitability must be
kept under quarantine. The TE must operate a system
that identifies tissues and cells throughout any phase
of processing and clearly distinguishes released
products from quarantined and discarded products.
Quarantined tissues and cells must be physically sep-
arated and visibly different (by labelling and/or pack-
aging whenever possible, or by any other means, e.g.
computerised systems) from released tissues. An SOP
must describe how to categorise quarantined and re-
leased tissues and cells.

To maintain physical separation, specific areas
or storage devices (or secured segregation within
the device) must be defined for tissues and cells in
quarantine, for tissues and cells that must comply
with special criteria and for tissues and cells that
have been released; a separate area must be dedicated
to the storage of medium and other materials used
during the process of preparation. Access to storage
facilities must be restricted to authorised persons. If
the storage devices are located in a shared facility
with other users, they must be securely locked.
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10.2.9.2. Short-term storage

Because of processing methods and the life
span of cells, some viable tissues and cells can only be
stored for a short period of time (e.g. corneas stored
in organ culture for about 4-5 weeks).

10.2.9.3. Long-term storage

If tissues or cells need to be stored for a longer
period, other strategies such as cryopreservation,
deep-freezing or lyophilisation should be consid-
ered. The long-term storage method selected must be
suitable for maintaining the critical properties of the
tissue or cell in question.

Obtaining and analysing the critical clinical
outcome data can provide evidence to be used to
verify the safety and efficacy of the storage procedures.

10.2.9.4. Storage at an organisation responsible for
human application

Organisations responsible for human applica-
tion (ORHAs) have short- and long-term storage for
tissues awaiting inspection, surplus or unused tissues
and tissues recalled by TEs. Therefore, a system for
identification of tissues and cells throughout any
phase of the clinical application at the ORHA must
clearly distinguish tissues and cells released from
quarantine and/or discarded ones (see Chapter 13).

10.2.10. Expiry date

To ensure the maximum safety and quality

of tissues and cells, it is mandatory to specify a
maximum storage time with an expiry date for each
type of tissue or cell and its storage conditions. The
chosen maximum storage period for each individual
type of tissue or cell should be validated, based on
data from published studies, stability testing by the
establishment or evidence-based facts (e.g. retrospec-
tive evaluation of the clinical results for tissues and
cells supplied by the establishment), or it can be spec-
ified by national legislation. When determining the
maximum storage period, several factors should be
considered. These include (but are not limited to):

a. possible deterioration of the required proper-
ties of tissues and cells;
risks related to microbiology;
package integrity over time;
expiry of storage solutions;
stability at the storage temperature;
overall risk assessment of quality assurance:
donor evaluation, donor testing (kits), quality
criteria (viability, functionality after thawing),
regulations.
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When relevant for the type of tissue or cell, the
time of procurement should also be indicated. In
certain specific cases, it may be possible to prolong
the expiry date, especially in the case of cryopreserved
HPC (i.e. cord blood), reproductive tissues and cells
for partner donation or in cases of fertility preserva-
tion (see Chapter 29 and Chapter 30), e.g. MAR/ART
do not have expiry dates, and HPC are retested before
release, even after decades of storage.

10.3. Disposal of human tissues

and cells

There must be a documented policy for disposal
of tissues and cells that are unsuitable for clinical
use (e.g. not meeting quality criteria, withdrawal of
permission from donor, death of autologous donor).
Records must include details of date and involved
personnel, with method of and reasons for disposal.
The material should be handled appropriately and
disposed of in a manner compliant with local guide-
lines on control of infection. Human tissues and cells
and other hazardous waste items should be disposed
of in such a manner as to minimise the hazards to the
TE’s personnel or the environment, and should be in
conformity with applicable European, national and
local regulations.

Disposal of human tissues and cells should be
carried out in a manner that shows respect for funda-
mental rights and the human body. For HPC and au-
tologous tissues and cells it is necessary to document
that the conditions for disposal defined in the consent
prior to collection have been met, including (where
applicable) the option to transfer the tissues and cells
to another facility if the designated recipient is still
alive after the agreed storage period. Disposal of cel-
lular therapy products must include a pre-collection
written agreement between the storage facility and
the designated recipient or the donor, defining the
length of storage and the circumstances for disposal
of cellular therapy products [7].

In case of MAR/ART, the donors and patients
must declare in writing the destiny of their reproduc-
tive material when the maximum storage period has
ended (see Chapter 29). A specific signed consent is
needed for the acceptance of the final disposal of a
given sample.
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Chapter 11. Principles of microbiological testing

11.1.  Introduction

his chapter addresses a comprehensive strategy

for the assessment of the microbiological quality
and safety of human tissues and cells for human
application. This outline of the test methods of the
European Pharmacopoeia (Ph. Eur) [1] takes into
account the specific characteristics and limitations of
human tissues and cells. The selection of these ana-
lytical methods should be based on a risk assessment
that includes the initial microbial load (bioburden) of
tissues and cells after procurement, the nature of the
test sample, the availability of the test sample due to
scarcity of tissues and cells, the ability to decontami-
nate or sterilise the final tissue or cell graft, the mode
and route of application of tissue and cell to the re-
cipient and other relevant factors. Alternatives to the
standard Ph. Eur. methods may be used in accordance
with the recommendations of Ph. Eur. Chapter 5.1.6:
‘Alternative methods for control of microbiological
quality’. Guidance on microbiological testing for par-
ticular tissue and cell processes is provided in tissue-
and cell-specific chapters in Part B of this Guide.

All facilities that procure, process or store
tissues and cells should have access to the services
of a microbiology laboratory with a fully imple-
mented quality management system and should have
access to the advice of a suitably qualified expert
microbiologist.
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11.2. Testing
he approaches outlined in this section cover the
microbiological testing of procurement, pro-
cessing, storage and release of tissues and cells.

1.21.  Sampling

Sampling for microbiological testing must be
performed before processing starts, at any point from
the end of the procurement process and the start of
any processing protocols, and at the end of the pro-
cessing protocols, immediately before final pack-
aging of the tissue or cell graft. For tissues that do
not undergo processing, there should be at least one
sampling point prior to placing the graft in its final
package. For some tissues and cells, pre-processing
microbiology testing may not help to decrease the
risk of microbiological transmission or to increase
the safety of implantation [2, 3]. If an appropriately
validated terminal sterilisation process is applied,
parametric release allows tissue establishments to
replace post-processing microbiological testing as
a release criterion with acceptance criteria for the
control of identified process parameters.

Because microbiological contaminants may be
present inside the tissues and cells, as well as on the
surface of tissues and cells, representative tissue or
cell samples should be processed for microbiological
testing [4]. If testing of a representative tissue or cell
sample is not feasible owing to its nature, scarcity
or size, sampling of the surface of tissues (swabs) or
contact solutions (media used for storage, transport
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or rinsing) may be appropriate for surrogate testing.
If feasible, a representative sample of the adjacent
tissues or cells could also be processed and used for
testing. Even though tissues and cell samples avail-
able for testing might be limited, samples should be
representative of the whole tissue or cell preparation
and suitable to ensure that the chosen analytical
method can be performed with acceptable sensitivity
and specificity to prevent false negative or false posi-
tive test results (see Ph. Eur. 2.6.39).

11.2.2.  Microbiological testing for bacteria and

fungi

Testing for aerobic bacteria, anaerobic bacteria
and fungi in tissue or cell samples under appropriate
incubation conditions is the most accurate qualitative
measure of microbiological contamination. Consid-
ering the nature of the procured tissues and cells and
any subsequent processing step, the microbiological
testing approach should follow the procedures out-
lined in the Ph. Eur., specifically sections 2.6.1, 2.6.13
or 2.6.27. Deviations from such standards should be
justified, and alternative test methods should be val-
idated in accordance with Ph. Eur. 5.1.6. Factors such
as samples containing antibiotics, very small sample
amounts and/or specific micro-organisms known to
represent a potential contamination risk may affect
the sensitivity of tests leading, in the worst-case sce-
nario, to false-negative results. In addition to the pre-
scribed test strains, method suitability should also
be demonstrated for tissue- and cell-associated con-
taminants, when not adequately covered by the test
strains prescribed in the method [5].

Contamination with specific pathogenic micro-
organisms should result in the discard of the tissues
or cells unless treated with a sterilisation process val-
idated to eliminate the infectivity of such organisms
[5-9]. If applicable, a non-exhaustive list of pathogens
whose presence necessarily excludes the procured
tissue or cells from further processing should be
established by each tissue establishment based on
Table 11.1 and their own experience.

If release of the tissues or cells is necessary
before the end of the required testing period, negative-
to-date reading of the results may be carried out. In
this case, intermediate results of the final testing in
combination with intermediate or final results of
in-process testing are used for tissue or cell release.
The clinician using the relevant graft must be noti-
fied to decide if its application is clinically justified.
If micro-organisms are detected after tissue or cell
release, predefined measures such as identification
and antibiotic sensitivity of the species should be

carried out and information must be provided im-
mediately to clinicians caring for the patient. Alter-
native rapid microbiological testing methods should
be considered, especially for preparations of tissues
and cells with a short shelf life. Independent of the
applied method, the fitness for purpose of rapid mi-
crobiological testing methods should be shown ac-
cording to Ph. Eur. 2.6.27 or 5.1.6. Deviations from
these standards should be justified.

Table 11.1. Micro-organisms that, if identified in
pre-processing tissue or cell samples, should result
in discard of tissues or cells unless treated with

a sterilisation process validated to eliminate the
infectivity of such organisms*

Staphylococcus aureus, Staphylococcus lugdunensis

Streptococcus spp., Enterococcus spp.

Clostridium spp.

Enterobacteriaceae (e.g. Escherichia coli, Enterobacter spp.,
Salmonella spp., Shigella spp., Klebsiella spp.)

Yeast and filamentous fungi (moulds)

* Except in specific cases (e.g. HPC transplantation) where the
decision is life-saving and where antibiotics can be applied to the
recipient. In those cases, a case-specific risk assessment should
be performed.

11.2.2.1.  Processing using closed systems

For cells and tissues in which a closed system is
used, pre- and post-process testing should be carried
out. In this context, in-process testing does not yield
more information on the microbiological status of
the cell or tissue graft.

11.2.2.2.  Processing with terminal sterilisation

For cells and tissues that undergo a validated
terminal sterilisation process, the requirements of
Ph. Eur. 5.1.1 should be considered where methods of
sterilisation are described. In particular, it should be
shown that adequate precautions have been imple-
mented to minimise the microbial contamination
before sterilisation and that tissues and cells with an
acceptably low degree of microbial contamination
have been used as determined by regular bioburden
testing (see $11.2.5). Procedures and precautions em-
ployed for sterilisation are to be such as to give a ste-
rility assurance level (SAL) of >10" ° [10].

If the release of tissues and cells terminally
sterilised in their final container is intended to rely
on process data only (parametric release), and not
on microbiological testing of the final tissue and
cell graft, then validated procedures for all critical
production steps and a fully validated sterilisation
method should be applied. This approach includes
validation of procurement of tissues or cells, trans-
portation, washing, antibiotic treatment and other
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processing steps, packaging and storage. In some
countries authorisation by the Health Authority is
needed for such an approach.

11.2.2.3. Open processing without terminal
sterilisation or decontamination

Most tissues and cells are exposed to the direct
environment at certain processing stages between
procurement and packaging. Without terminal
sterilisation, the environmental contamination risk
during open processing should be avoided to the
greatest possible extent. The requirements for micro-
biological sampling and testing are expected to be
most stringent in these situations, and aseptic con-
ditions should be maintained throughout processing.

In accordance with a tissue- or cell-specific
risk assessment, microbiological testing must be
performed at least pre- and post-processing, unless
justified by tissue- or cell-specific risk assessment or
scientific evidence. Absence of microbial contamina-
tion should be confirmed by microbiological testing
using either of the Ph. Eur. methods 2.6.1 or 2.6.27,
depending on the nature of the preparation, or alter-
native methods validated according to Ph. Eur. 5.1.6.

In addition, enumeration of contaminants or
detection of specified micro-organisms in in-process
samples can be achieved using methods Ph. Eur.
2.6.12 and 2.6.13 (as described in §11.2.5).

11.2.2.4. Processing that includes decontamination
steps

Procedures applied for decontamination of
tissues and cells are usually limited to approaches in
which the vitality and functionality of the prepara-
tion can be maintained. For instance, treatment with
antibiotics and anti-fungal agents is employed widely
to achieve reduction of the microbial load in tissues
and cells. Staphylococci, Streptococci, Pseudomonas,
Bacillus, Candida, Acinetobacter, Escherichia, Cuti-
bacterium, Enterococci and Corynebacterium are
generally the most frequently isolated organisms [11]
and several of these strains are often susceptible to
antibiotic decontamination procedures [12]. Efficacy
studies focusing on the usually expected microbial
flora of tissues or cells, as well as the type and con-
centration of effective antimicrobial agents, should
be carried out. Based on those studies, treatment
schemes and an exclusion list of specific contam-
inants for the incoming material should be deter-
mined, based upon not only the category of tissue
but also upon the method by which the tissue was
processed.

Because of virulence mechanisms such as fac-
ultative intracellular parasitism, and persistence in a
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resting metabolic state without growth (which is re-
versible upon withdrawal of antimicrobial agents or
stress conditions), micro-organisms can escape these
treatments. Therefore, the efficacy of the decontami-
nation procedure should be validated for every tissue
or cell type. Any changes in the decontamination
procedure require risk assessment and validation of
similar (non-inferior) efficacy of the new procedure.

Further processing after the decontamina-
tion step should be conducted without antimicro-
bial agents, if possible. Microbiological test methods
should be carefully evaluated with respect to possible
inhibition of microbial growth due to such agents and,
if needed, these agents should be removed from the
sample matrix before microbiological testing or in-
activated by suitable techniques (e.g. Resins, Penase)
[13]. Microbiological testing must be performed as a
minimum pre- and post-processing unless justified
by tissue- or cell-specific risk assessment or scientific
evidence.

1.23. Testing for mycoplasma and

mycobacteria

Testing for specific infectious agents such as
mycoplasma and mycobacteria should be carried out
if they are known to constitute a relevant risk. To
identify and assess the contamination risk of specific
tissues or cells, a sufficient number of samples from
different tissue or cell batches should be examined.
Possible sources for mycoplasma and mycobacteria
contamination include the cellular starting material
itself or its procurement, animal- or human-derived
raw materials such as untreated sera, personnel in
the clinic or manufacturing site, and the entire pro-
cessing method. Testing should be conducted at pro-
cessing steps at which mycoplasma (Ph. Eur. 2.6.7) or
mycobacteria (Ph. Eur. 2.6.2) contaminations would
most likely be detected, such as after collection, but
before washing steps.

Mycoplasma are cell-associated  micro-
organisms that may even locate within the cell, so
testing should always include the tissues or cells.
Mycoplasma can penetrate sterilising-grade filter
membranes with a nominal pore size of <o0.2um.
They also lack a rigid cell wall, which makes them
unsusceptible to antimicrobial agents that target the
cell wall. Furthermore, many broad-spectrum antibi-
otics inhibit the proliferation of mycoplasma but do
not kill them. Hence, elimination with antibiotics is
difficult.

Contamination with mycoplasma represents a
potential risk for the patient because of transfer of in-
fectious microbial agents into a potentially immuno-
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compromised patient, but the effect of mycoplasma
contamination on the tissue or cell preparation might
also be critical. Mycoplasma are known to alter cell
function, leading to an alteration of gene expression,
cellular signalling and metabolic activity.

11.2.4. Testing for pyrogens

Pyrogens are microbial components that lead
to fever if applied parenterally. In some specific sit-
uations, pyrogen contamination may be responsible
for unexplained graft failure, e.g. pancreatic islet
transplantation [14]. The major pyrogen of concern
is lipopolysaccharide (LPS) derived from the outer
membrane of Gram-negative bacteria, the so-called
bacterial endotoxins, but also other non-endotoxin
pyrogen contaminations are relevant, e.g. bacterial
flagellin. Pyrogen contaminations can originate from
the donor material itself or from raw materials, solu-
tions and instruments coming in contact with the
tissues and cells during processing. Risk assessment
of tissue and cell processing by tissue establishments
should address potential risks of product contami-
nations with bacterial endotoxin and non-endotoxin
pyrogens in respect to the intended use of the trans-
plant (e.g. route of administration, transplant size).
The raw materials should be of adequate micro-
biological quality with specified bacterial endotoxin
limits.

In cases with a high bioburden status of starting
material, testing for bacterial endotoxins might be
warranted after elimination of viable microbes by
decontamination or sterilisation steps. If risk as-
sessment reveals the necessity of bacterial endotoxin
control, methods Ph. Eur. 2.6.14 (Bacterial endo-
toxins) or 2.6.32 (Test for bacterial endotoxins using
recombinant factor C) should be used. Depending on
the risk assessment, testing of non-endotoxin pyro-
gens in addition to endotoxin or mixtures of both can
be performed with the monocyte activation test (Ph.
Eur. 2.6.30). Guidance for selection of a suitable test
strategy is provided by Ph. Eur. 5.1.10. In this chapter
the specified endotoxin limit is 5IU per kg of patient
weight per bolus or hour for intravenous drugs (Ph.
Eur. Table 5.1.10-1), which is usually applied for all
parenteral preparations.

11.25.  Bioburden testing

Bioburden testing is the quantitative measure
of the microbiological status (bioburden) of tissue
and cells. The bioburden status of starting material
(pre-processing) should be measured as part of the
validation and monitoring of the efficacy of decon-

tamination procedures and/or terminal sterilisation
[15]. Regular bioburden testing should be carried out,
based on a risk assessment if post-processing micro-
biological testing is replaced by parametric release or
if post-processing microbiological test results are not
available at the time of release. Although bacterial
and fungal infection post-transplantation is rarely
reported, some virulent microbes when present in
high numbers on a tissue surface may form cytotoxic
exoproducts such as proteases and toxins, which can
have a deleterious effect on the cellular integrity or
structural properties of the graft.

Bioburden is usually expressed as the total
number and/or identity of micro-organisms asso-
ciated with a specific sample determined by testing.
Bioburden test results are also used by tissue estab-
lishments to define acceptance/rejection criteria for
tissues and cells for further processing.

For the assessment of the bioburden status of
the starting material, Ph. Eur. test methods 2.6.12 and
2.6.13 can be carried out. Tissues or cells can be tested
by a representative tissue or cell sample suspended
in a broth medium and, less commonly, by a culture
swab or suspension of an initial wash of the specimen.
Although swab-based methods have a low efficiency
of recovery, generally less than 20% [16, 17], they
allow a crude estimation of viable microbial contam-
inants as heavy, moderate or light, and the identifica-
tion of individual species helps to inform decisions as
to the potential hazard of the contaminant. Rigorous
sonication/mechanical shaking methods, exposing
representative tissue samples to an extraction fluid
with a surfactant, can increase the recovery efficiency
[16]. (See also §11.3.3.)

Conditions and methods of
microbiological testing

For each procedure, aerobic and anaerobic testing
should be conducted under incubation conditions
that are appropriate for the detection of tissue- or
cell-specific bacteria and fungi (yeasts and moulds)
as well as bacteria and fungi of environmental or
clinical origin.

11.3.

1.3a.  Sterility testing (Ph. Eur. 2.6.1)

Conditions for sterility testing are detailed in
Table 11.2. Precautions should be taken against mi-
crobial contamination during a test (Ph. Eur. 2.6.1and
5.1.9). At the least, sub-cultivation should be carried
out in a GMP Grade A laminar airflow cabinet, prop-
erly disinfected before the test, and no other activity
should be conducted at the same time. The preferred
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Table 11.2. Incubation conditions for sterility testing

Culture medium

Incubation temperature °C

Testing period

Aerobic Soya-bean casein digest 20-25 14 days
medium

Anaerobic Fluid thioglycolate medium 30-35 14 days

Fungi Soya-bean casein digest 20-25 14 days

medium

Note: Fluid thioglycolate medium will also detect aerobic bacteria.

microbiological control procedure is dependent on
the sample material.

11.3.1.1. Membrane-filtration method

This method uses membrane filters having a
nominal pore size <o.45pum whose effectiveness in
retaining micro-organisms has been established.

11.3.1.2.  Directinoculation method

The direct inoculation method is suitable for
solutions and tissue samples (i.e. solid substances).
Sample quantities are listed in Ph. Eur. 2.6.1.

For both methods, microbial growth media are
assessed macroscopically for evidence of microbial
growth. During incubation, at least one intermediate
reading and one final reading should be made. If the
test carried out on the sample material results in tur-
bidity of the culture medium, sub-cultivation should
be carried out (see Ph. Eur. 2.6.1).

Fungi are detected along with aerobic bacteria
in soya-bean casein digest medium (see Ph. Eur. 2.6.1).
However, other media and/or incubation tempera-
tures may be used, provided that the method is vali-
dated according to Ph. Eur. 5.1.6.

11.3.2.  Microbiological testing using automated

culture systems

This method is based on the method described
in Ph. Eur. 2.6.27 supplemented with additional in-
structions for samples containing cellular material.

11.3.21. Incubation conditions

Samples containing cellular material may
result in turbidity of the culture media immediately
after inoculation. Use of validated automated culture
systems, which do not rely on turbidity for pathogen
detection, may be advantageous in this case.

Incubation in automated culture systems
should be carried out over at least 7 days. The testing
time can be adapted to specific requirements arising
from the characteristics of the preparation. For
example, if risk assessment identifies potentially
slow-growing micro-organisms such as Cutibacte-
rium acnes the testing time could be extended up to
14 days.

The temperature of incubation usually estab-
lished for clinical microbiology (at 37 °C) might be
too limited to sufficiently account for a broad range
of contaminating micro-organisms found in the
environment or in tissues and cells. Hence, the in-
cubation conditions detailed in Table 113 are rec-
ommended as alternatives based on risk assessment,
taking into account the expected microbial flora and
environmental conditions. Testing times must be val-
idated if incubation temperature deviates from the
temperature recommended by manufacturer.

Preparations of tissues and cells with a short
shelf life may be released based on an intermediate
readout of the test before the test period is completed
(negative-to-date result). In the case of a positive
readout during the test period after release of the
tissue or cell graft, identification of the microbial
species and an antibiotic susceptibility profile must

Table 11.3. Conditions for microbiological control testing according to Ph. Eur. 2.6.27*

Aerobic incubation

Anaerobic incubation

Option 1 20-25°C normally (automated system) 30-35 °C (automated system)
30-35 °C if necessary (automated system)

Option 2 35-37 °C (automated system) 35-37 °C (automated system)
and, where relevant, additional incubation at a lower temperature
(manual method)’

Option 3 30-32 °C (automated system) 30-32 °C (automated system)

Option 4 30-32 °C (automated system) 35-37 °C (automated system)

* According to Ph. Eur. 2.6.27, testing period is 7 days with an automated growth-based method and may be extended up to 14 days.

Testing period is 14 days with a manual method.

t Where relevant, incubate in addition at 20-30 °C. Incubation can be done using commercially available microbiological media, either
aerobic bottles intended for automated systems or tryptic soy broth (TSB).
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be carried out and the information immediately for-
warded to the caring physician.

11.3.2.2. Sample volume

For automated culture systems, recommended
sample volumes from 100 pL up to 10 mL can be inoc-
ulated per culture bottle. Usage for testing of a small
percentage part of total volume bears the risk of an
increased sampling error, leading to false-negative
results, especially if bioburden is low. Therefore, a
larger amount of sample should be envisaged for in-
oculation (if applicable and appropriately validated).

11.3.2.3. Samples without anti-microbiological
additives
Aerobic and anaerobic culture media bottles
without any neutralising additives of microbial
growth inhibitor should be used.

11.3.2.4. Samples with anti-microbiological additives

Aerobic and anaerobic culture media bottles
with resin or activated charcoal neutralising addi-
tives of microbial growth inhibitor should be used (if
membrane filtration cannot be carried out due to the
nature of the sample).

The type,amount and mixture of anti-microbial
growth agents used during procurement and pro-
cessing or used for patient treatment (and therefore
present in samples for microbiological testing) is
highly variable. Culture media bottles containing
neutralising or adsorbing substances are established
for the testing of patients’ blood with therapeutic
doses of a limited number of antibiotics or antimy-
cotics. Therefore, such samples should be validated
very thoroughly for residual anti-microbial activity
to prove the suitability of the chosen method.

11.3.2.5. Period between inoculation of culture

bottles and incubation in an automatic

culturing system

Inoculated culture media bottles should be

placed into the automated culture system as soon
as possible; if a delay occurs, they should be main-
tained at 15-20 °C [18]. If a delay period of 12 hours is
exceeded, the results of the automated culture system
should be verified by subculture unless otherwise
validated. For some automated systems and delayed
kinetic culture media bottles, manufacturer’s specifi-
cations mention as acceptable a delay up to 48 hours
at room temperature. However, given the variability
in terms of delay time, pre-incubation temperature
and type of micro-organism, a delay exceeding 12
hours should be validated.

Microbial enumerations tests (Ph. Eur.
2.6.12 and 2.6.13)

11.3.3.

The tissue-associated bioburden of aerobic
mesophilic bacteria and fungi can be quantitatively
enumerated either by membrane filtration or plate-
count methods according to Ph. Eur. 2.6.12. The
preferred microbiological recovery procedure is de-
pendent on the type of sample. Different mechan-
ical techniques can be used, alone or associated, to
extract micro-organisms of the product before filtra-
tion or plate-count method (e.g. sonication, crushing,
blending, shaking). The addition of a surfactant, such
as polysorbate 80, can improve the extraction. The
extraction method should be validated. A correction
factor can be calculated from the validation data. The
tissue-containing jar can further be sonicated for
sminutes (47 kHz) followed by mechanical shaking
for 30 minutes (200 strokes/minute) on a linear recip-
rocal shaker [16].

11.3.3.1.  Membrane-filtration method

An appropriate volume of the extraction fluid
is filtered through at least two appropriate filters
(e.g. 0.45 um pore size nitrocellulose filter). One filter
should be transferred to the surface of a casein soya-
bean digest agar plate for determination of the total
aerobic microbial count (TAMC) and one filter to the
surface of a Sabouraud-dextrose agar plate for deter-
mination of the total combined yeasts/moulds count
(TYMC). The casein soya-bean digest agar should
be incubated at 30-35 °C for 3-5 days and the plate of
Sabouraud-dextrose agar at 20-25 °C for 5-7 days. In
addition, anaerobic bacteria can be enumerated by
transfer of a filter to an appropriate medium plate
(e.g. thioglycolate agar) and anaerobic incubation
at 30-35 °C for 3-5 days. The microbial count can be
calculated as colony-forming units (CFU) per unit
weight or volume (gram or millilitre) or surface area
of tissues and cells.

11.3.3.2. Plate-count methods

At least two Petri dishes for each level of sample
dilution for each medium are prepared, either by the
pour-plate method or by the surface-spread method.
Plates of casein soya-bean digest agar, Sabouraud-
dextrose agar and anaerobic medium agar are incu-
bated as stated above. Those plates should be counted
that show the highest number of colonies less than
250 for TAMC and 50 for TYMC, corresponding to
a given dilution. The arithmetic mean per culture
medium of the counts is used to calculate the number
of CFUs per unit weight or volume (gram or milli-
litre) or surface area of tissues and cells.

For determination of the absence or limited
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occurrence of specified micro-organisms, test con-
ditions are described in Ph. Eur. 2.6.13, in which the
growth-promoting, inhibitory and indicative proper-
ties of specific media are described.

Alternative methods for control of
microbiological quality (Ph. Eur. 5.1.6)

11.3.4.

Alternative microbiological testing methods
based on novel technologies that provide automated,
rapid and more sensitive microbiological results,
as compared with classic or conventional testing
methods, may be used to control microbiological
quality of pre-processing samples, in-process samples
or final graft samples, in particular for preparations
with a short shelf life. Validation of such alterna-
tive microbiological testing methods (examples in
Table 11.4) should comply with requirements of Ph.
Eur. 5.1.6, including validation for the intended use
and demonstration of equivalence or non-inferiority
compared with the compendia method.

11.4. Validation or verification
of microbiological testing
methods

Microbiological test methods listed in general
chapters of Ph. Eur. do not require full validation.
Only alternative methods need to be fully validated in
accordance with Ph. Eur. 5.1.6 prior to use. However,
every test laboratory needs to verify that it is able to
perform the test according to recommendations of
Chapter 2 of this Guide. Furthermore, method suit-
ability should be demonstrated for every tissue and
cell preparation to be tested. Even small changes in
the tissue and cell processing might result in interfer-
ence with the microbiological test procedure. There-
fore, method suitability should be re-demonstrated
after any changes in the processing of the tissue and
cell preparation. Similarly, changes in the test proce-
dure itself require re-demonstration of its suitability.
Any deviation from these rules needs to be justified.

1.43.  Growth-promotion testing

Each batch of the microbial culture medium
used for microbiological testing should be tested for
its growth-promoting capacities as well as being used
to test for the microbial strains listed in the relevant
Ph. Eur. chapters. In general, it is recommended to
include in the assays any possibly relevant micro-
bial contaminants from the respective tissue or cell
preparation or the environment - for instance, Cuti-
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Table 11.4. Alternative methods for control of
microbiological quality

Growth-based methods Electrochemical

Gas consumption/produc-
tion

ATP bioluminescence

Turbidimetry

Direct methods Cytometry
solid phase

flow cytometry

Cell components methods Phenotypic

Genotypic
RT-PCR
Genetic fingerprinting

bacterium acnes and Micrococcus spp. — because of
their specific growth properties.

Frequently, growth-promotion testing has been
performed by the vendor of microbial media using
set suitable micro-organisms and documented by the
certificate for each particular medium batch. In this
case growth promotion need not be repeated by the
end user, provided transport and storage conditions
are properly documented and are in accordance with
the requirements of the vendor.

11.4.2. Method suitability

The method should be verified in the pres-
ence of the intended sample material (e.g. transport
medium, tissues or cells). The basis for method verifi-
cation is the ‘method-suitability test’ laid down in the
relevant chapters of Ph. Eur.

The same conditions should be chosen as for
routine testing (e.g. culture conditions, sample type,
sample amount). The method-suitability test should
be undertaken using the bacterial and fungal species
indicated in the relevant chapters of Ph. Eur. For mi-
crobiological methods not described in Ph. Eur., vali-
dation is required, as described in Ph. Eur. 5.1.6.

It is recommended to complement the micro-
bial spectrum by tissue-specific and/or contami-
nating micro-organisms, if found to be applicable to
the process, such as Cutibacterium acnes and Micro-
coccus spp., which are typical skin contaminants.

For instance, Cutibacterium acnes is not readily
accessible to skin disinfection due to its prevalence
in the sebaceous glands, and detection of this species
in tissue preparations is not unusual. Cutibacterium
acnes grows under anaerobic or microaerophilic
conditions as a ‘slow-grower’ and is associated with
a particularly long detection time, so it may be in-
cluded in method validation or verification.

The sensitivity of the chosen method should
be shown, as described in the relevant chapters of Ph.
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Eur., by experimental studies. Applicability of this
method should be assessed in connection with its
impact to ensure microbial safety of the tissues and
cells.

Each micro-organism species should be tested
to evaluate the capacity of the method to allow a good
detection of the relevant micro-organisms. The effi-
cacy of the method to extract the micro-organism
should be repeated with different samples (minimum
3) with at least one strain. A strain of a bacterial
aerobic germ is commonly chosen for this step,
showing the robustness of the method.

For comparison, a positive control (without
tissues or cells) should be included in the test for each
test strain.

Inoculated media should be incubated under
the conditions applied in routine testing (temper-
ature, duration) and checked for growth at regular
intervals.

Test assays and controls should be evaluated at
predetermined intervals during and at the end of the
testing period. Samples for subculture should be taken
from positive detected tests as quickly as possible. In
the case of microbial growth, the micro-organisms
should be identified.

If inhibition of microbiological growth by the
sample material is identified at validation, the method
should be adapted in an appropriate way, for instance,
using a higher volume of the culturing media or addi-
tion of binding or enzymatic substances that inhibit
anti-microbiological agents.

11.43. Documentation and interpretation of

results

All materials used and working steps un-
dertaken should be documented. Interpretation of
results should include at least the following factors:

a. assessment of the growth of micro-organisms
in the presence of the tissues or cells to be
tested and in controls;

b. specification of the microbial count for evalua-
tion of the method;

c. period of time until a positive result has been
detected for test assays and positive controls;

d. proof of identity of inoculated micro-organ-
isms.

For negative controls or test assays without de-
tection of micro-organisms, the total testing period
and results of the subculture (including the methods
used) should be specified.

11.5. Microbiological examination

of donors

Ithough they do not forecast what will be the

microbiological status of the tissues, micro-
biological blood cultures can be a useful tool to give
a picture of the microbiological status of the donor,
especially for the diagnosis of infections in deceased
donors [19] of tissues and cells, in addition to the re-
quired serological examinations. In the case of living
donors, see Chapter 24 — Haematopoietic progenitor
cells from bone marrow and peripheral blood for
more information.

If available, the results might be also helpful
information while assessing a potential contamina-
tion from the procurement team and environment,
as well as cross-contamination between tissue or cell
preparations or to evaluate the efficacy of antimicro-
bial treatment, if applicable.

Blood samples should be of sufficient quantity,
collected properly within a suitable timeframe, pre-
pared/stored appropriately to ensure proper testing
and accompanied by relevant clinical information.
A clear protocol should be followed that addresses
skin disinfection, the amount of blood obtained and
the number of blood cultures. Skin disinfection is an
important prerequisite for reliable results to avoid
secondary contamination of the sample. At least a
two-step alcoholic disinfection (preferably accom-
panied by sporicidal disinfection) should be done.
Larger quantities of blood as well as several inde-
pendent blood cultures improve the probability of de-
tecting an infection in the donor. It is recommended
to take at least 2-4 blood cultures (each aerobic and
anaerobic), ideally in different vessels. The blood cul-
tures should be incubated for > 5 days in order to give
time for the potential micro-organisms to grow.

Blood samples for culture can be obtained:

o Before circulatory arrest. The results of blood
cultures using samples collected before circu-
latory arrest provide useful information about
the clinical status of the donor (e.g. infections
with objectionable organisms) and can be a
useful supplementary tool for evaluation of
donor suitability, and the quality and safety
of specific tissues and cells, especially if the
tissues and cells are not terminally sterilised
(15, 20-25].

o After cardio-circulatory arrest (in which case
the organs, tissues and cells may be at a higher
risk of endogenous microbiological contam-
ination), the information provided by blood
cultures may be questionable due to agonal
spread and post mortem bacterial translocation.
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Manipulation of the deceased donor can lead to
dissemination of micro-organisms from the lung and
visceral organs to the heart. However, published data
suggest that neither agonal nor post mortem spread
can be expected to produce false-positive cultures if
the body is appropriately cooled, the tissue procure-
ment is performed within 24 hours after death and
the samples for microbiological culture are collected
early during tissue procurement, with minimum
possible manipulation of the deceased donor [15, 20].

Nevertheless, a positive culture, in the par-
ticular context of organ, tissue or cell procurement,
may signify contamination or cross-contamination
during procedures, indicating problems with post
mortem microbial spread, recovery techniques and/or
environment. These possibilities should be evaluated.

11.6. Interpretation of results and

actions to be taken

In general, source material that demonstrates con-
tamination should be rejected unless the prepa-
ration undergoes decontamination and/or terminal
sterilisation, and the detected bioburden can be re-
liably inactivated or removed by the intended pro-
cedure, or if it is justified by exceptional clinical
circumstances (refer to Part B for specific examples).

Contaminated source material should be re-
jected if processing includes decontamination (but
not terminal sterilisation) and if risk assessment
considering the intended route of administration
cannot exclude risk to the recipient even if adequate
anti-microbial treatment is initiated. Such source
materials should be evaluated on the basis of an ex-
clusion list for objectionable micro-organisms and
bioburden status. The decontamination procedure
should be shown to be suitable to remove or destroy
the type and number of contaminants allowed in the
source material. In particular, multi-drug resistant
micro-organisms and possible toxin-producing mi-
cro-organisms, as well as yeasts and filamentous
fungi, need to be evaluated carefully and, if appro-
priate, the tissues and cells should be rejected (see
Table 11.1).

In the case of locally acquired contamination
or a local infection, the microbial result applies only
to the tissue where the contamination was detected
and to tissues that could have been cross-contami-
nated. If bacteraemia, septicaemia (anamnestic or
blood culture) or any other distribution of the ob-
jectionable micro-organisms (during procurement,
storage, transport or manufacturing) cannot be ex-
cluded, other tissues should be rejected.

For contaminated autologous preparations, or
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preparations received from a specific allogeneic donor,
where a repeated procurement cannot be conducted
or involves a high degree of risk and it is considered
clinically necessary to proceed with the implanta-
tion, a risk assessment based on the urgency of the
application, judgment of infection risk and treatment
options should be conducted. In any application of
such preparations, measures should include full iden-
tification of the contaminating micro-organisms and
their antibiotic susceptibility profile, as well as ade-
quate prophylaxis of the donor/recipient if the tissues
or cells are used.

11.7. References

1. European Directorate for the Quality of Medicines
and HealhCare (EDQM). European Pharmacopoeia
(Ph. Eur.), 10th edition. Council of Europe, 2019-22.

2. European Eye Bank Association. Statement on pre-pro-
cessing microbiology testing in eye banks, available at
www.eeba.eu/news/news-details/eeba-statement-on-
pre-processing-microbiology-testing-in-eye-banks,
accessed 8 April 2022.

3. Fuest M, Plum W, Salla S et al. Conjunctival and in-
traocular swabs for the microbiological assessment of
donor corneas. Acta Ophthalmol 2016 Feb;94(1):70-5.
https://doi.org/10.1111/205.12796.

4. Stones DH, Krachler AM. Against the tide: the role of
bacterial adhesion in host colonization. Biochem Soc T
2016 Dec 15;44(6):1571-80. Review.

5. Domanovi¢ D, Cassini A, Bekeredjian-Ding I et al. Pri-
oritizing of bacterial infections transmitted through
substances of human origin in Europe. Transfusion.
2017 May;57(5):1311-17. https://doi.org/10.1111/trf.14036.

6. AATB. Standards for tissue banking, 13th edition.
McLean VA, USA: American Association of Tissue
Banks, April 2016.

7. Martinez OV. Microbiological screening of cadaver
donors and tissues for transplantation. Chapter 5. In:
Phillips G, ed. Advances in tissue banking, Vol. 6. Singa-
pore: World Scientific Publishing 2003;7:143-55.

8. Pellet S, Kearny ], Dziedzic-Goslawska A et al. Stand-
ards for skin banking. Vienna: European Association of
Tissue Banks, 1996.

9. Superior Health Council Belgium. Practical recom-
mendations on microbiological control of human
body material for human application with maximal
protection of the microbiological safety. HGR8698,
2014.

10. ISO 11737-1. Sterilization of medical devices — Mi-
crobiological methods — Part 1: Determination of a
population of microorganisms on products.

11 Brubaker S, Lotherington K, Zhao | et al. Tissue re-

covery practices and bioburden: a systematic review.


http://www.eeba.eu/news/news-details/eeba-statement-on-pre-processing-microbiology-testing-in-eye-banks
http://www.eeba.eu/news/news-details/eeba-statement-on-pre-processing-microbiology-testing-in-eye-banks
https://doi.org/10.1111/aos.12796
https://doi.org/10.1111/trf.14036

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

12.

13.

14.

15.

16.

17.

18.

Cell Tissue Bank 2016 Dec;17(4):561-71. https://doi.
0rg/10.1007/510561-016-9590-5.

Pitt TL, Tidey K, Roy A et al. Activity of four
antimicrobial cocktails for tissue allograft decontam-
ination against bacteria and Candida spp. of known
susceptibility at different temperatures. Cell Tissue
Bank 2014 Mar;15(1):119-25. https://doi.org/10.1007/
$10561-013-9382-0.

Skenderi Z, Giurgola L, Gatto C et al. Increased sen-
sitivity of microbiological testing of cornea organ
culture medium by additional resin treatment. BMJ
Open Ophthalmol. 2018 Nov 10;3(1):e000173. https://doi.
org/10.1136/bmjophth-2018-000173.

Vargas F, Vives-Pi M, Somoza N et al. Endotoxin con-
tamination may be responsible for the unexplained
failure of human pancreatic islet transplantation.
Transplantation 1998 Mar 15:65(5):722-7. https://doi.
0rg/10.1097/00007890-199803150-00020.

Lobmaier IVK, Vege A, Gaustad P, Rognum TO. Bac-
teriological investigation - significance of time lapse
after death. Eur J Clin Microbiol Infect Dis 2009;28(10):
1191-8.

Kowalsky J, Mosley G, Merrit K, Osborne J. Assess-
ment of bioburden on human and animal tissues: Part
1 - Results of method development and validation
studies. Cell Tissue Bank 2012;13:129-38.

Varettas K, Taylor P. Bioburden assessment of banked
bone used for allografts. Cell Tissue Bank 2011 Feb;
12(1):37-43. https://doi.org/10.1007/510561-009-9154-z.
Willems E, Smismans A, Cartuyvels R et al.; Bilulu

19.

20.

21.

22.

23.

24.

25.

156

Study Group. The preanalytical optimization of blood
cultures: a review and the clinical importance of
benchmarking in 5 Belgian hospitals. Diagn Microbiol
Infect Dis 2012 May;73(1):1-8.

Palmeire C, Egger C, Prod’Hom G, Greub G.
Bacterial

translocation and sample contamina-

tion in postmortem microbiological analyses.
J Forensic Sci 2016 Mar;61(2):367-74. https://doi.
0rg/10.1111/1556-4029.12991.

Morris JA, Harrison LM, Partridge SM. Post-mortem
bacteriology: a re-evaluation. J Clin Pathol 2006 Jan;
59(1):1-9. https://doi.org/10.1136/jcp.2005.028183.
Martinez OV, Malinin TI, Valla PH, Flores A. Post-
mortem bacteriology of cadaver tissue donors: an
evaluation of blood cultures as an index of tissue ste-
rility. Diagn Microbiol Infect Dis 1985 May;3(3):193-200.
https://doi.org/10.1016/0732-8893(85) 90031-8.

Riedel S. The value of post-mortem microbiology cul-
tures. J Clin Microbiol 2014;52(4):1028-33.

Saegeman V, Verhaegen J, Lismont D et al. Influence
of post-mortem time on the outcome of blood cultures
among cadaveric tissue donors. Eur ] Clin Microbiol
Infect Dis 2009;28(2):161-8.

Segur JM, Almela M, Farinas O et al. Bone con-
tamination and blood culture in tissue donors. Ann
Transplant 2005;10(2):11-13.

Vehmeyer S, Bloem R, Deijkers R et al. A comparative
study of blood and bone marrow cultures in cadaveric
bone donation. ] Hosp Infect 1999;43(4):305-8.


https://doi.org/10.1007/s10561-016-9590-5
https://doi.org/10.1007/s10561-016-9590-5
https://doi.org/10.1007/s10561-013-9382-0
https://doi.org/10.1007/s10561-013-9382-0
https://doi.org/10.1136/bmjophth-2018-000173
https://doi.org/10.1136/bmjophth-2018-000173
https://doi.org/10.1097/00007890-199803150-00020
https://doi.org/10.1097/00007890-199803150-00020
https://doi.org/10.1007/s10561-009-9154-z
https://doi.org/10.1111/1556-4029.12991
https://doi.org/10.1111/1556-4029.12991
https://doi.org/10.1136/jcp.2005.028183
https://doi.org/10.1016/0732-8893(85)90031-8

Chapter 12. Release, distribution and import/export

12.1.  Introduction
his chapter sets out the procedures for the release
and distribution, import and export of tissues
and cells that are deemed suitable for clinical appli-
cation; it also describes the requirements for distri-
bution of tissues and cells and defines recommended
controls for their import and export.

Each tissue establishment (TE) must have a
documented policy on tissue and cells release that de-
scribes which specifications should be met and when,
how and by whom these are verified. These specifica-
tions must include all criteria considered by the TE
to be essential for the safety and quality of the tissues
and cells. In general, only when all specifications
have been evaluated and met can the tissues and cells
be distributed for clinical application.

The term ‘distribution’ should be understood
to mean transport and delivery of tissues or cells
to the organisation responsible for human appli-
cation of tissues and cells (ORHA). “Transport’ is
meant as the act of transferring a tissue or cellular
product between facilities under the control of suit-
ably trained, designated and authorised staff at the
distributing and receiving facilities. ‘Shipment’ is a
type of transport where the transfer of the tissues or
cells from the distributing to the receiving facility is
carried out by means of a contract with a third party,
usually a specialised logistics company. The entire
distribution chain must be validated appropriately,
including the equipment used, to ensure the main-
tenance of critical transport or shipment conditions.

The terms ‘import’ and ‘export’ should be un-
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derstood to include all processes and procedures that
facilitate the entry or exit of tissues and cells, regard-
less their stage of processing, to/from a single country.
Import/export controls must ensure that the quality
and safety of the tissues or cells are in compliance
with this Guide.

Tissues and cells can be transferred by a TE:

o to an ORHA within the same country, where
they will be received and stored until clinical
application (i.e. distribution);

o to another TE within the same country for
local distribution.

o toanother TE within the country for processing
into tissues and cells for clinical application;

Cross-border movement of tissues and cells in-
cludes transfers:
« to a TE outside the country (i.e. export);
 from another country to a clinical facility or
TE in the country (i.e. import).

For transfers of tissues or cells between coun-
tries that are within the European Union (EU),
usually referred as ‘distribution’, the legislation does
not require import/export controls to be in place pro-
vided that these tissue and cell preparations come
from a duly authorised TE and their processes have
also been authorised by the national Competent Au-
thority. However, several EU member states opt to
apply more stringent requirements than those in the
directives and consider this movement in the same
way as import/export involving countries outside the
EU (referred to as ‘third countries’). Written agree-
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ments might be needed between countries in some
member states (see §12.5.5).

Release
Release procedure

12.2.
12.2.1.

Release is the act of certifying compliance of
a specific tissue or cells, or a batch of tissues or cells,
with a pre-defined set of requirements and specifi-
cations. Before any tissues and cells are released, all
relevant records (including current declaration forms,
donor records, medical records, processing and
storage records, and post-processing quality-control
test results) must have been reviewed, approved and
documented as acceptable by an authorised and
trained person according to the relevant local SOP
and national regulations. There must be an SOP that
details the specifications, circumstances, responsibil-
ities and procedures for the release of tissues and cells.

At the time of release, donor records and tissue-
or cell-processing records must be reviewed to ensure
that the material is suitable for clinical use and im-
plantation. The review should include:

a. approval of donor eligibility by the responsible
person (RP) or designated person;

b. consideration and approval of the processing
and storage record (including environmental
monitoring records);

c. final evaluation of the label and container to
ensure traceability, accuracy and integrity;

d. results of screening tests on incoming material
and in-process controls;

e. specifications for final release of tissues and
cells based on testing results used to determine
final release (e.g. quality controls such as via-
bility or cells count, microbiology test results,
biological activity);

f-all the same checks if the tissue or cells are des-
ignated for autologous use;

g in case of deviating test results, the decision
of the RP and the treating physician whether
the tissue or cells can be used, but in any case
the final decision has to be justified and docu-
mented.

There must be a documented system in place,
supervised by the RP, for ratifying that tissues and/or
cells meet the appropriate specifications for quality
and safety. The RP, or personnel designated by the
RP, must register (in writing or digital format) the
review and fulfilment of all legal requirements, tissue
and cells specifications and quality-release criteria as
defined by the TE, thereby releasing the tissues and
cells for storage in an inventory of tissues and cells

that are available for human application. If release
cannot be approved, the tissues or cells must be
discarded or can be made available for research/ed-
ucational use, if a specific consent for research/edu-
cational use was given.

Released tissues must be clearly distinguishable
(by labelling and/or packaging whenever possible, or
by any other means, e.g. computerised systems) and
preferably be physically separated from quarantined
and discarded tissues. The TE must provide clinical
users with instructions for handling and using the
tissue or cells.

12.2.2. Exceptional release

In exceptional circumstances, a TE may agree
with the treating physician from the ORHA that
tissues or cells that do not meet the standard TE cri-
teria for release can be released and used in a specific
patient. Such a release should be based on a risk-
benefit analysis taking into consideration the alterna-
tive options for the patient and the consequences of
not providing the tissues or cells, and this analysis re-
quires documented informed consent by the treating
physician. For more information, see Chapter 13.

12.23. Risk assessment

A documented risk assessment approved by the
RP must determine the fate of all stored tissues and
cells following the introduction of any new donor-
selection or testing criterion or any significantly
modified processing step that enhances safety or
quality. Guidance on risk assessment is provided in
Chapter 3.

12.2.4. Disposal of human tissues and cells

There must be a documented policy for dis-
posal of tissues and cells that are unsuitable for clin-
ical use. Records should include details of date and
involved personnel, with method of and reasons for
disposal. The material should be handled appropri-
ately and disposed of in a manner compliant with
local control-of-infection guidelines. Human tissues,
cells and other hazardous waste items must be dis-
posed of in such a manner as to minimise the hazards
to the TE’s personnel or the environment, and should
be in conformity with applicable European, national
and local regulations.

Disposal of human tissues should be carried
out in a manner that shows respect for fundamental
rights and the human body. For HPC and autologous
tissues and cells it is necessary to document that the
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conditions for disposal defined in the consent prior
to collection have been met, including (where appli-
cable) the option to transfer the tissues and cells to
another facility if the designated recipient is still alive
after the agreed storage period (see Chapter 24).

In case of MAR/ART, the donors and patients
must declare in writing the destiny of their reproduc-
tive material when the maximum storage period has
ended (see Chapter 29). A specific signed consent is
needed for the acceptance of final disposal of a given
sample.

Disposal of cellular therapy products must
include a pre-collection written agreement between
the storage facility and the designated recipient or the
donor, defining the length of storage and the circum-
stances for disposal of cellular therapy products [1].

12.3. Transport

he choice of mode of transport should take

into account any general regulations governing
transport of biological substances and any specific
handling, storage or transport recommendations
provided by the TE.

Critical transport conditions, such as tem-
perature and time limit, must be defined to ensure
maintenance of the required properties of tissues or
cells [2]. When transport is carried out under storage
conditions, the impact on transport time is minimal.
Unfrozen products are usually transported refrig-
erated (2 to 8°C), or cooled (8 to 15°C) or at room
temperature (15 to 25 °C); frozen products are trans-
ported deep-frozen (- 8o to — 60 °Cin dryice), frozen
(< —15°C with ice packs) or cryopreserved (< —140 °C
in liquid nitrogen vapour phase). When the transport
device does not allow the temperature conditions to
be maintained over time, a time limit must be vali-
dated to guarantee that the storage conditions during
transport do not affect the quality of the product.

For unfrozen products, such as bone marrow
or mobilised peripheral blood, there are conflicting
recommendations for storage and transportation —
e.g. 4°C versus room temperature [3, 4, 5] - so the
transplant centre is usually requested to define the
transport conditions they wish to be applied. But
in any case, the TE must validate the best recom-
mended shipping temperature for their products. For
cells and tissues potentially contaminated during the
procurement, refrigerated transportation is generally
recommended in order to prevent the risk of bacterial
proliferation.

If the tissues or cells require specific envi-
ronmental conditions, the capacity of the transport
container to maintain the required environmental
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conditions, and the length of time that these condi-
tions can be maintained by the transport container,
must be determined by validation and documented.
For instance, if liquid nitrogen is used to maintain
very low temperatures, the dry-shipper must contain
sufficient absorbed liquid nitrogen to maintain the
storage chamber temperature < — 140 °C for a defined
period of time, at least 48 h beyond the expected time
of arrival at the receiving facility. In cases where the
tissue or cells during transport could be exposed
to a wide range of outdoor temperature (e.g. winter
versus summer) the cycling temperature validation
profiles should be used for validation of the transport
container [6]. Where temperature control is critical,
data loggers should be used to monitor temperature
during transport or shipment, with data downloaded
from the device providing a graph to show that tem-
perature was within the acceptable range at all times.
Temperature indicators can be also used to indicate
exposure to extremes of temperature.

Containers/packages must be secured and la-
belled appropriately (see Chapter 15).

Written agreements should be in place for the
shipment of tissues and cells. In EU member states a
written agreement must be signed between the ship-
ping company and the TE to ensure that the required
conditions will be maintained. This document must
describe what should happen if the tissues or cells are
damaged or lost during shipment (see also Chapter 3)
and must cover a requirement that any related serious
adverse events should be identified and reported to
the Health Authorities (see Chapter 17).

12.4. Allocation

he allocation of tissues and cells should be guided

by clinical criteria and ethical norms. The allo-
cation rules should be equitable, externally validated
and transparent.

The procedures for distribution of tissues and
cells by authorised TEs must comply with the criteria
laid out in the sections below.

It is mandatory for EU member states to have
procedures in place for the management of requests
for tissues and cells. The rules for allocation of tissues
and cells to certain patients or healthcare institutions
must be documented, and made available in appro-
priate circumstances, in the interests of transparency.

12.41.  Visual examination

Packaged tissues or cells must be examined
visually for appropriate labels, expiry date, container



GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

integrity and security, and any evidence of contami-
nation prior to being dispatched (see Chapter 15).

12.4.2. Medical competence

Distribution for clinical application should be
restricted to hospitals, physicians, dentists or other
qualified medical professionals and must comply
with all applicable national regulations.

12.4.3. Documentation

The place, date and time of pick-up and delivery
(including time zone where relevant) and identity of
the persons handing over and receiving the tissues
and cells must all be recorded, and this record should
be maintained in the TE from which the tissues or
cells are distributed (see Chapter 2).

Any transportation must be accompanied by
specific documentation attached to the package (see
Chapter 7, Chapter 13 and Chapter 15).

12.4.4. Recall and return procedures

An effective recall procedure must be in place
in every TE, including a description of the responsi-
bilities and actions to be taken in the case of a recall.
This must include procedures for the notification of
the relevant Health Authority/ies and all the facili-
ties/institutions potentially affected by the recall.

A documented system must be in place for the
handling of returned products, including criteria for
their acceptance into the inventory, if applicable.

For further information, see Chapter 16.

12.5.

12.5.1.

Import and export
Underlying principles

Import and export between countries should
be done only through legally authorised tissue es-
tablishments that can guarantee that they have suf-
ficient competence to evaluate the safety and quality
of tissues and cells from donation until distribution,
and also can guarantee that they have adequate
systems to meet traceability requirements. They
should be specifically authorised for one or more of
the following:

a. import and/or export of human tissues and/or
cells intended for human application;

b. import and/or export of tissues or cells in-
tended for the manufacture of medicinal prod-
ucts derived from human tissues and/or cells
(with the exception of tissues/cells that have

been substantially manipulated, such as cell-
lines or cell banks);

c. import and/or export of procured human
material intended for processing, storage or
banking in a TE or cell establishment in their
country.

As a general rule, if organisations responsible
for human application, manufacturers of advanced
therapy medicinal products, clinical practitioners
or individuals identify a need to import tissues or
cells, they should organise this through a written
agreement with a licensed TE in their own country.
Third-party agreements must specify the terms of the
relationship and the relevant responsibilities, as well
as the protocols to be followed, to meet the required
performance specifications.

12,5.2.  Import

TEs that wish to import tissues or cells should
be able to demonstrate that the need cannot be ad-
equately met by comparable material available from
sources within their country or that there is another
justifiable reason for the import. They should also
be able to justify the import in terms of accessibility,
quality, speed of supply, risk of infection, quality of
service, cost-effectiveness or scientific or research
needs. They should ensure that any material intended
for import is consistently sourced under the legal and
ethical requirements of their country and the ex-
porting country. If the importing TE cannot satisfy
itself that ethical standards are in place in the country
of origin, the tissues or cells should not be imported.

The safety and quality characteristics of the
tissues or cells to be imported must be equivalent to
those in place within the importing country. Imports
should be accepted only from countries that have es-
tablished procedures to authenticate the legitimacy
of exporters and the provenance of the donated ma-
terial they supply. Exporter TEs should be asked to
provide evidence of compliance with the regulations
that they are required to observe before any orders
are placed with them.

Companies that act as distributors, often also
carrying out import and export activities, have re-
sponsibilities equivalent to those of TEs for ensuring
the equivalent requirements for safety and quality, for
maintaining traceability and for having adequate vig-
ilance systems in place. Fulfilment of these require-
ments implies having suitably trained, designated
and authorised staff (including those with medical
expertise) to evaluate donor-selection criteria and
reports of adverse incidents and reactions.
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See also §12.5.5 below for EU requirements for
import.

12.5.2.1. Routine importation

The importing TE should assess whether the
supplying TE complies with the quality and safety
recommendations in this Guide and should doc-
ument that assessment, which includes respect for
the fundamental ethical principles of consent, non-
remunerated donation, anonymity and respect for
public health. The evaluation should include at least
the following:

a. the general quality and safety systems at the
exporting establishment, including organisa-
tional chart, staff training, facilities, processing
methods, validation studies, traceability and
biovigilance systems, licences and accredita-
tion (including lab certification/authorisation)
and donor blood testing;

b. areview of the safety and quality of individual
dispatches of tissues or cells (i.e. confirma-
tion of donor consent, verification of donor
sample testing and the results, donor eligibility
records, description of the tissue or cells, trans-
portation arrangements, etc.).

Potential language barriers should be consid-
ered and a common language agreed upon for all
donor and tissue- and cell-related documentation.

A service-level agreement or contract between
the exporting and importing TEs that clearly defines
roles and responsibilities is a basic requirement.
Agreed procedures for the transport of the tissues and
cells from the country of origin to the TE in the im-
porting country must form part of the contract and
must specify the methods to be followed to ensure
maintenance of the required environmental con-
ditions, of the package integrity and of compliance
with agreed timeframes. Such transportation should
be direct, without intermediate stops when possible,
using an approved courier. The courier or transpor-
tation service must provide records of pick-up and
delivery to the TE so that complete traceability is
ensured.

The agreement must specify how tissues and
cells will be identified. Unique identifying codes must
allow traceability and a formal and unambiguous
identification of all tissues and cells (see Chapter 15).

Agreements between importing TEs and sup-
pliers in other countries should include provisions
for the performance of audits at the exporting facility
and should require that any changes to authorisa-
tion status be immediately communicated to the im-
porting TE.

161

12.5.2.2. ‘One-off’importation

There may be cases where exceptional or
one-off importation is necessary for a single patient.
In these cases, the importing TE should ensure that
there exists a documented evaluation of the safety
and quality of the tissues or cells being imported.
The importing TE should keep the documentation
obtained from the supplying TE for the time period
specified in national regulations (e.g. 30 years in EU
member states).

In limited cases (e.g. in emergency situations or
for immediate transplantation) the import of certain
tissues and cells may be directly authorised by a
Health Authority, which should take all the necessary
measures to ensure that imported tissues and cells
respect the national quality and safety standards.

1253. Customs and security clearance

For clearance of Customs, all tissues and cells
supplied from abroad require a clear description of
the content of the consignment and its destination
and must be labelled as described in Chapter 15. It
is important that frozen tissues or cells, which are
usually packed in dry ice or stored in a dry-shipper,
as well as fresh cells and tissues for urgent medical
need, must not be delayed at border crossings. Viable
tissues and cells for clinical use must not be exposed
to irradiation devices; instead they should be subject
to a visual inspection, without impairing viability.

However, it should be noted that a study pub-
lished in 2002 concluded that even 10 passages
through the hand-luggage control system resulted in
no harm to haematopoietic progenitor cells (HPC)
and lymphocytes in terms of viability and potency.
Interestingly, the radiation dosage of passage through
the hand-luggage control system is of 1.5+ 0.6 uSv
compared to a radiation dose of 60 uSv received by
the HPC during a 10 h flight [7]. The lack of data on
long-term effects suggests that, in line with the pre-
cautionary principle, the non-irradiation rule should
be followed for the time being. Therefore, it may be
expedient for the importer to inform Customs in
advance of a prospective consignment and any en-
quiries by Customs should be answered promptly. The
agreement with the exporter should define responsi-
bilities for meeting the cost of transport, refrigeration
and/or storage at a Customs facility for any items that
may be detained pending Customs enquiries.

125.4. Acceptance at the tissue establishment

Each importing establishment must have a
documented procedure and specifications against



GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

which each consignment of tissues and cells, to-
gether with its associated documentation, is verified
for compliance with the written agreement in place
with the exporter. Any non-compliance should be
reported to the exporter. Consignments should be
examined for any evidence of tampering or damage
during transport.

Tissues and cells must be stored in quaran-
tine in an appropriate secure location under defined
conditions until they, along with their associated
documentation, have been verified as conforming
to requirements. The acceptance or rejection of re-
ceived tissues and cells must be undertaken and doc-
umented in accordance with the guidance shown in
Chapter 13.

EU requirements for importing tissues
and cells

12.5.5.

In April 2015, a new implementing directive
on procedures for verifying equivalent standards of
quality and safety of imported tissues and cells was
adopted by the EU. Commission Directive 2015/566/
EU stipulates that tissues and cells must be imported
into the EU by an importing TE authorised for such
imports by competent authorities. An importing TE
is defined in the directive as:

a tissue bank or a unit of a hospital or

another body established within the

Union which is a party to a contractual
agreement with a third country supplier

for the import into the Union of tissues

and cells coming from a third country in-

tended for human application.

Directive 2015/566/EU also lays down the obli-
gations of the importing TEs and the competent au-
thorities of EU member states who must verify that
imported tissues and cells meet quality and safety
standards equivalent to those in place in the EU leg-
islation for tissues and cells. These new requirements
aim to facilitate the exchange of tissues and cells with
non-EU countries while ensuring that high stand-
ards of quality and safety are applied whatever the
origin of the imports.

The procedures laid down in the new direc-
tive mirror closely the verification systems already
in place within the EU. That is, procedures on the
authorisation and inspection of importing TEs are
laid down, specifying the information and documen-
tation that must be provided or made available to
Health Authorities in EU member states when TEs
apply for import authorisations. Such information
and documentation relates to the importing TE itself

and the non-EU country suppliers it plans to use as a
source of tissues and cells.

Another key element of the 2015 directive con-
cerns the need for written agreements between im-
porting TEs and their non-EU-country suppliers.
Several minimum requirements for such agree-
ments are listed in the text with a view to ensuring
that the roles and responsibilities of each party are
clear and fully undertaken to ensure that equiva-
lent quality and safety standards are met. Annexes
to the directive describe the minimum requirements
in the information and documentation to be pro-
vided by importing TE applicants when applying to
be accredited, designated, authorised or licensed for
the purpose of import activities, the content of the
authorisation certificate for the importing TE and
the information to be provided regarding the third-
country supplier.

According to Directive (EU) 2015/565 the TE
has the obligation to assign a Single European Code
(SEC) on tissue and cells distributed or imported for
human application in the EU or exported from the
EU (see §15.2.3).

The directive allows a limited number of ex-
ceptions to certain procedures for situations where
certain tissues and cells are imported on a one-off
basis. A ‘one-off import’ is defined in the directive
as the import of any specific type of tissue or cell
which is for the personal use of an intended recipient
or recipients known to the importing tissue estab-
lishment and third country supplier before the im-
portation occurs. Such an import of any specific type
of tissue or cell must normally not occur more than
once for any given recipient. Imports from the same
third country supplier taking place on a regular or
repeated basis must not be considered to be ‘one-off
imports’.

Those tissues and cells imported under direct
authorisation of the competent authority of an EU
member state (i.e. in emergency situations or for im-
mediate transplantation) are not affected by the new
procedures. An ‘emergency’ is defined in the direc-
tive as any unforeseen situation in which there is no
practical alternative other than to urgently import
tissues or cells from a third country into the Union
for immediate application to a known recipient or
known recipients whose health would be seriously
endangered without such an import.

In the EU, distribution and shipment of all cells
classified as advanced therapy medicinal products
(ATMPs) are within the responsibility of a marketing
authorisation holder and supervised by national/EU
authorities for medicinal products.

Where an EU country imports from a non-EU
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country and the ultimate destination is a different EU
member state, then the tissues or cells should fulfil
the quality and safety requirements of both EU coun-
tries (i.e. with one EU country acting as the point of
entry into the EU and the other as the final receiver
of the tissues or cells).

12,5.6. Export

Tissues or cells should not be exported if
there is an unmet clinical need for the material in
the country of origin. Exported material should be
procured, used, handled, stored, transported and
disposed of in accordance with the consent that has
been given by the donor. Tissues and cells should
be exported only to countries that have proper con-
trols on the use of donated material. They should be
exported only for the purposes for which they can
lawfully be used in the country of destination, and
exporters should satisfy themselves beforehand that
the human tissues and/or cells will be used for a bona
fide clinical application or research.

TEs must ensure that the quality and charac-
teristics of the tissues and cells to be exported are
equivalent to those of the tissues and cells implanted
in their own country and are required in the country
of destination.

12.6. International co-operation

For some transplant patients, including sensi-
tised patients, it may be difficult to find a match
within their own country. In these cases, co-oper-
ation between countries is necessary and in some
cases it may be necessary to search worldwide to
identify suitable donors, e.g. the World Marrow
Donor Association harmonises search and distribu-
tion worldwide. International co-operation and ex-
change of tissues and cells is necessary to increase
the chances of providing tissues and cells for patients
in life-threatening situations. For these reasons, it is
important to ensure that there is good co-operation
between organisations that allocate internationally,
and that procurement and processing centres world-
wide use the same standards [1, 8]. Registries should
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be in place for all imported and exported tissues and
cells to ensure transparency in the process.
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Chapter 13. Interaction between tissue establishments and
organisations responsible for human application

13.1. Introduction

n organisation responsible for human application
(ORHA) is a healthcare facility that carries out
human application of tissues or cells. The type and
frequency of interactions between a tissue establish-
ment (TE) and an ORHA may vary depending on the
types of tissues and cells, geographical location and
clinical environment. It is necessary to have a collab-
orative approach with well-defined roles and respon-
sibilities to be mutually beneficial to all stakeholders.
Tissues and cells for clinical application must

be ordered by a clinician or other authorised person
at the ORHA. On arrival at an ORHA, the respon-
sibility for maintaining the quality-assurance chain
is transferred to that organisation. The ORHA must
store and handle tissues and cells correctly according
to the instructions of the supplying tissue establish-
ment (TE). The ORHA must also maintain tracea-
bility and biovigilance, which includes responsibility
for immediately reporting serious adverse reactions
and events to the TE and the Health Authority, par-
ticipation in the investigation and, where required,
implementation of corrective and preventive actions

[1, 2, 3].

13.2. Decisions on using and

ordering tissues and cells

linicians intending to use tissues and cells with
human application must be aware of the risks as-
sociated with the application of tissues and cells and

give careful consideration to the risks and benefits of
the procedure to the intended recipient. They should
consider the feasibility and availability of alternative
options, including associated risks. This must be ex-
plained to the patient in order for them to take a de-
cision on whether to undergo the procedure and give
informed consent.

Tissues and cells for allogenic application are
donated for the benefit of patients in need and are
often in short supply; therefore, only the required
amount should be ordered, to minimise the likeli-
hood of wastage. Healthcare professionals respon-
sible for the storage and preparation of human tissues
and cells for clinical application should receive timely
and appropriate training to ensure their compliance
with all applicable technical and legal requirements
that assure the quality and safety of the supplied
tissues and cells.

Choosing a supplier of tissues
or cells

RHAs must comply with national regulations

and obtain tissues and cells for human applica-
tion from a TE authorised by the Health Authority
to distribute tissues and cells for clinical use. It is
strongly recommended that ORHAs should obtain
tissues or cells directly through a TE. If that is not
possible, and the ORHA uses an organisation that
mediates distribution between TE and ORHA,
the ORHA should verify that the distributor is

13.3.
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authorised appropriately by a Health Authority and
that the distributor has an agreement signed with the
TE that processed those tissues and cells. It is recom-
mended that the ORHA select a TE supplying tissues
and cells on a non-profit basis from voluntary unpaid
donations as the provider. Health Authorities must
also authorise, where appropriate, the direct distri-
bution of tissues and cells to ORHAs for immediate
clinical application from abroad. Co-operating with
authorised TEs ensures that the donors of tissues or
cells have been selected and tested correctly, and that
all quality system requirements are in place for the
procurement, processing, storage and distribution of
tissues or cells.

To ensure that the quality and safety stand-
ards and the respective responsibilities of TEs and
ORHAs are clearly set out and fully understood by
both parties, there should be a formal service-level
agreement (SLA) or contract in place between the
supplying TE and the ORHA. These written agree-
ments should be signed, dated and reviewed regularly
(as defined by the parties concerned), but sooner if
changes are required. They must comply with rele-
vant laws and regulations. Where an ORHA and the
supplying TE are within the same healthcare institu-
tion, responsibilities should be specified in the overall
quality-system documentation.

Service-level agreements should include:

a. contact details for relevant persons in both
parties, including the TE’s Responsible Person
(RP);

b. procedures for ordering, including the method
of assuring relevant quality and quantity pa-
rameters of ordered tissues and cells;

c. procedures for the delivery of tissues or cells,
including liability for transport;

d. a statement that storage and preparation of
tissues and cells for human application at the
ORHA must comply with all relevant and spe-
cificinstructions provided by the TE, including
adherence to expiry dates;

e. procedures at the ORHA for the lawful dis-
posal of unused tissues or cells or remnants of
tissues and cells after human application;

f procedures, if permitted, for the return of
tissues or cells to the TE, or to use for research;

g responsibility for maintaining traceability and
biovigilance, including procedures for the
timely reporting and investigation of adverse
reactions and adverse events, including ‘near
misses’, and procedures for the management of
tissue and cell recalls and look-backs;

h. procedures, where permitted, for reporting of
relevant clinical outcome data relating to the
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quality, safety and efficacy of the applied tissues
or cells by the ORHA to the TE (see $13.14);

i. the option for TE and ORHA to conduct an
audit of the other party.

Where novel tissues and cells are to be sup-
plied by a TE, or where novel clinical applications
of processed tissues and cells are intended, authori-
sation by the Health Authority is needed. The extent
of clinical follow-up needed to evaluate the efficacy
of the applied tissues and cells should also be agreed
between the Health Authority, TE and ORHA (see
Chapter 18).

Tissue establishments should distribute
gametes, embryos and germinal tissues only to other
authorised TEs or ORHAs for human application
under the supervision of a clinician or other appro-
priate healthcare personnel.

In most cases, procured tissues and cells require
processing and storage at the TE before their distribu-
tion to ORHA s for human application. In specifically
authorised cases of direct distribution, procurement
organisations send procured tissues and cells directly
to the ORHA for immediate transplantation without
any intermediate steps such as processing or storage.

Before requesting tissues or cells, the ORHA
should confirm that the supplying TE, or the pro-
curement organisation in the case of direct distribu-
tion, is compliant with all relevant legal and technical
standards and requirements for the lawful provision
of tissues and cells that are safe and of appropriate
quality. In the case of procurement of haematopoietic
progenitor cells (HPC) or lymphocytes for unrelated
allogeneic use, there is no direct interaction between
the procurement organisation and the ORHA before
cell procurement. This means that the ORHA does
not directly select the procurement organisation
that will procure the HPC or lymphocytes. Suitable
donors are identified through donor registries. The
registry is responsible for ascertaining whether the
procurement organisation complies with appropriate
quality and safety standards, including traceability of
the procured cells.

Importing tissues or cells
from other countries

f an ORHA needs to import tissues or cells from

another country, it is good practice to make ar-
rangements through a local TE to locate and commu-
nicate with the exporting TE. In the EU, tissues and
cells from a third country outside the EU must be
imported through a TE authorised for importation
by an EU Health Authority. Commission Directive

13.4.
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566/2015/EU sets out the procedures for verifying the
equivalent standards of quality and safety of tissues
and cells imported from third countries. The only
exceptions to this rule are tissues and cells imported
for direct distribution or for cases where there is an
urgent clinical need. In the former, imported tissues
and cells may be distributed directly for immediate
clinical application provided the supplier is author-
ised for this activity. Urgent clinical cases include any
unforeseen situation where there is no alternative
other than to urgently import tissues and cells from a
third country for immediate application to a known
recipient or known recipients whose health would
be seriously endangered without such an import. In
both of these cases, the Health Authority must au-
thorise the import directly.

The importing and exporting TEs must liaise
with each other to ensure that the equivalent stand-
ards of quality and safety required by the importing
TE are applied. In the EU, any TE that is authorised
by a Health Authority in its own member state may
provide tissues or cells directly to ORHAs in other
member states. However, some member states have
implemented more stringent regulations that require
formal import procedures to be followed, even if the
tissues and cells come from another EU member state.
It is important to be aware of the national legislation
in place for the importation of tissues or cells from
another country.

13.5.

n exceptional circumstances, an ORHA may agree

with a TE that tissues or cells that do not meet the
normal release criteria can be applied in a specific in-
dividual on the basis of a risk-benefit analysis, taking
into consideration the alternative options for the in-
dividual and the consequences of not providing the
tissues or cells. The risk assessment should be docu-
mented and shared with the treating clinician about
the reason for the exceptional release of tissues or
cells. The TE’s RP or nominated deputy/individual
should liaise with the recipient’s clinician to discuss
the exceptional release so that the treating clinician
can make a decision by performing a risk-benefit
analysis for the intended recipient. These discussions
and conclusions must be documented. The treating
clinician must inform the recipient, where possible,
as part of the normal consenting procedure of the
intention to use tissues or cells under exceptional
release (see §13.6).

Exceptional release

13.6. Recipient consent

Ithough donors are carefully selected and tested,

there remains an albeit small risk of an adverse
reaction in a recipient of tissues or cells. Recipients
must therefore be made aware both of the risks and
benefits of the intended treatment to be able to give
informed consent. The Notify Library is an invalu-
able source of information for clinicians when evalu-
ating the risks associated with the human application
of tissues and cells [3]. An additional important
source of information on possible adverse outcomes
and their frequency may also be based on specific
types of tissues and cells and their specific applica-
tions, e.g. registries, if they exist; see Chapter 17 for
more information.

Where the collection of clinical follow-up data
is proposed, recipients may need to provide consent
for the sharing and secondary use of their data in
accordance with national legislation and guidance.
In the EU, the General Data Protection Regulations
(GDPR, Regulation EU 2016/679) provide certain ex-
emptions from the need for consent for the collection
and use of such data under Articles 6.1 (e) and 9.2 (h).
However, recipients must be informed about the col-
lection and use of their clinical data and, although
they do not need to give consent, they do have the
right to refuse to allow their data to be collected and
used. However, their therapeutic care will remain
unchanged. Moreover, they can request to have their
data withdrawn at any time even though they may
not initially have refused their permission.

The information given to a prospective recip-
ient should include at least the following:

a. a description of any adverse outcomes that
have been reported for the given type of tissue
or cell application;

b. an estimate of the frequency of the adverse out-
comes described;

c. whether the treatment is consolidated or if it
involves novel methods of processing/clinical
application;

d. information on alternative treatments, if avail-
able.

Once the appropriate information has been
given, the recipient, if willing to proceed, should then
consent to the treatment, according to national re-
quirements. The recipient should confirm :

a. that the risks associated with the human appli-
cation of the tissues or cells have been explained
and the information has been understood;

b. that they accept the risks in light of the poten-
tial benefits.
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A specific consent form must be signed by
the recipient in the case of any novelty. This novelty
could be due to changes introduced either at the TE,
such as introduction of new processing methodology,
or at the ORHA, such as introduction of new clin-
ical application procedures for the tissues or cells (see
Chapter 4 and Chapter 18).

Centralised versus devolved
management of tissues and
cells

13.7.

Tissues and cells are either delivered directly to
the relevant department or operating theatre in
an ORHA (i.e. devolved management of tissues and
cells) or they are delivered to a single, dedicated lo-
cation under the direct supervision of an authorised
healthcare professional (i.e. centralised management
of tissues and cells). The advantage of devolved man-
agement is that the relevant department or unit in
the ORHA with the appropriate specialist knowledge
takes responsibility for the tissues and cells, whereas
under centralised management there may be a more
uniform approach to biovigilance and traceability
and to ensuring compliance with quality and safety
requirements for storage, handling and inventory
control of the tissues and cells.

Regardless of the model applied for the man-
agement of human tissues and cells, all activities
associated with receipt, storage, handling and fol-
low-up should be incorporated into the existing qual-
ity-management system of the ORHA. The roles and
tasks of officially designated persons should be clearly
specified in standard operating procedures (SOPs).

13.8. Checks by ORHA on accepting
delivery

hen tissues and cells are received by an ORHA,
appropriate personnel should verify and
record that:

a. the tissues or cells received correspond to what
was ordered and to the information in the ac-
companying documentation, which must be
complete and legible;

b. the shipping containers and primary con-
tainers are labelled with the required informa-
tion - including, where appropriate, the Single
European Code (SEC) - and that labels are
affixed and legible (see Chapter 15). Separate
accompanying documents must provide any
other relevant information that is not on the
primary container label;
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c. the shipping container and primary container
are intact;

d. the specified expiry dates of tissues or cells
have not been exceeded;

e. the transport temperature range was moni-
tored or maintained adequately and is accept-
able. For tissues or cells that are transported at
low temperatures, maintenance of the required
transport temperature can be confirmed by
data readout from a temperature logger placed
in the shipping container or by a residual
coolant in the container (e.g. water ice for re-
frigerated tissues or cells and dry ice or vapour/
liquid nitrogen for frozen tissues or cells). The
supplying TE should be able to provide, on
request, a validation report to show that the re-
quired temperature can be maintained in the
shipping container for a period of time that
exceeds the maximum duration of transport.

Where the delivered tissues or cells do not
comply with the above requirements, the ORHA
must liaise with the TE to decide the correct course
of action, which could include disposal of the tissues
and cells or their return to the TE.

The TE must provide documentation demon-
strating that the tissues or cells comply with all the
TE’s quality and safety standards and legal require-
ments for donation, testing and banking, along with
specific information about the characteristics of the
tissues and cells required by the end-user clinician.

13.9. Package insert/instructions
and temporary storage
before use

nce tissues or cells have been distributed by a

TE for clinical use, appropriate storage and han-
dling become the responsibility of the ORHA. In-
structions must be available in the package insert that
accompanies the tissues or cells, describing the ap-
propriate storage conditions and the proper handling
procedures to be followed before clinical application.
These instructions must be followed precisely by the
ORHA, as specified in the contract with the TE (see
points a to i listed in $13.3).

Tissues and cells are stored under various
temperature conditions, depending on their type,
method of preservation and packaging. Where a spe-
cific storage temperature is necessary from receipt to
clinical application, the storage device (e.g. refriger-
ator, freezer, liquid nitrogen storage tank, incubator)
should be regularly maintained and calibrated and
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should be secure, i.e. with restricted access. It should
be dedicated to the storage of healthcare products
and cleaned according to a defined protocol and fre-
quency. It should have functional alarms, and emer-
gency back-up storage capacity should be present.
Storage procedures should address the steps to be
taken if the temperature is outside defined limits or
in the event of equipment/power failure. Failure to
monitor and maintain controlled temperatures can
result in waste of a precious resource and, if tissues
or cells are used, serious adverse outcomes due to de-
terioration in their quality. All records pertaining to
storage temperatures must be retained for at least 10
years after clinical use, disposal or expiry date.

During the storage of tissues and cells at the
ORHA before clinical application, they must be kept
together with their associated documentation or else
the documentation must be reliably linked to the
tissues or cells and easily accessible. The accompa-
nying documentation must specify the presence of
particular additives or reagents that may adversely
affect the recipient (e.g. antibiotics, allergens). If there
is no package insert accompanying the tissues or cells,
they should not be used.

Some EU member states regard short-term
storage of tissues or cells at an ORHA as a licens-
able activity that requires specific authorisation from
a Health Authority. Therefore, it is important to
be aware of the national legislation in place for the
storage of tissues or cells at an ORHA.

13.10. Inspection of the container,
documentation and tissues or
cells prior to application

Before human application, the container/pack-
aging must be inspected and the accompanying
documentation must be reviewed and confirmed to
be complete and legible. The label should be checked
and compared with the description on the package
insert to confirm that the material is indeed what
was ordered for the patient and is what is shown on
the label. The packaging and the contents should be
inspected for any signs of damage during transport.
Where temperature during transport and storage at
the ORHA is critical, there should be confirmation
that the required temperature has been maintained.

In the case of tissues, the graft should be exam-
ined once the container has been opened to confirm
that the anatomical characteristics are as shown on
the label (e.g. left versus right femur, aortic versus pul-
monary heart valve).

Tissues to be used in surgery should be specified
and their use documented in the surgical checklist.

13.11. Preparation of tissues or cells
before use

Instructions for opening the container or package,
and any required manipulation or reconstitution
(e.g. thawing, washing, rehydration), as well as infor-
mation on expiry dates after opening/manipulation
and the presence of any potentially harmful residues
or reagents that may adversely affect the recipient
(e.g. antibiotics, ethylene oxide), must be provided on
the label or in the documentation accompanying the
tissues or cells.

The handling instructions provided by the TE
for the preparation of tissues and cells for human ap-
plication should be followed precisely. Any departure
from the instructions provided by the TE is at the
discretion of the clinical user, who must take full re-
sponsibility for any adverse outcome resulting from
not adhering to the instructions provided by the TE.

13.12. Surplus or unused tissues or
cells

Tissues or cells remaining from a clinical pro-
cedure must not be used in another patient;
any residue should be discarded as clinical or ana-
tomical waste, in accordance with national rules, or
returned to the supplying TE for appropriate and
lawful disposal. Similarly, a single unit of tissues or
cells (e.g. two halves of femoral head delivered in one
container) must not be used in more than one sepa-
rate patient. Activities that are routinely performed
to finally prepare tissues and cells just before their
clinical application, e.g. shaping of tendons or bone
grinding for impaction grafting, are not considered
as processing and do not require notification to the
RP at the supplying TE.

Tissues or cells provided to one ORHA should
not, in general, be sent to another ORHA for clinical
application. Within the EU, this would be defined as
distribution and it would require specific authorisa-
tion. However, such transfer of tissues and cells may
be acceptable where the TE manages the process and
the quality and safety requirements of the tissues and
cells are not in any way compromised.

Certain types of tissues (e.g. bone graft) that
are received and not subsequently used in one recip-
ient or department of an ORHA may be occasionally
reallocated to a different recipient or department in
the same ORHA, If this is the case, safety, quality
and traceability measures should be put in place with
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clear documentation. The details of such activity
must be specified in the overall quality-system doc-
umentation and in an SLA (see $13.3). There may be
nationally established rules for such circumstances.

The documentation that accompanies the
tissues and cells should specify whether they can be
returned to the TE if not opened or used, e.g. if the
patient is not well enough for surgery or if surgery is
cancelled for another reason. Tissue establishments
that do accept the return of unused and unopened
tissues or cells must be able to confirm that the re-
quired storage conditions have been maintained, that
the packaging has not been tampered with, and that
the quality and safety of the tissues and cells has not
been compromised.

13.13. Traceability

oding and traceability are addressed fully in

Chapter 15 and Chapter 16. In the EU, ORHAs
are required to maintain traceability records from
the point of receipt of the tissue until 30 years after
clinical use. These records (mandatory in the EU)
must include:

a. identification of the supplying TE or procure-
ment centre (for tissues and cells directly dis-
tributed);
identification of the clinician/end user/facility;
type of tissues or cells;
unique product identification;
identification of the recipient;
date of application or disposal.

- 0 Ro

Details of the tissues or cells applied should be
in the recipient’s record and in the record of the treat-
ment room or operating theatre where they have been
applied. However, these records alone are not ade-
quate to permit rapid tracing of patients who might
be at risk from a particular donation or processing
batch. The ORHA should also have an electronic
or paper log where all received, transplanted and
discarded tissues or cells are recorded. This should
provide a robust two-way audit trail to facilitate rapid
identification of tissues and cells in the case of a recall
by the TE or the Health Authority, or identification of
recipients where the TE has been notified of a serious
adverse reaction or serious adverse event that may
have implications for one or more recipients treated
at the ORHA. Careful consideration should be given
to where and how this log will be archived for the
required period, and the person(s) responsible for its
maintenance and safe storage should be clearly iden-
tified and documented.

Some TEs require the ORHA to return a trace-
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ability form or card providing details that will be
sufficient to unambiguously identify the recipient
and the applied tissues and cell. A copy of the doc-
umentation of these details should be retained in
the recipient’s medical record. Returning the card
does not release the ORHA from its responsibility to
maintain the above-mentioned traceability records
for 30 years after clinical use or final disposal. Where
cards or forms are returned to the TE, the manner of
documentation should adhere to national data-pro-
tection regulations and should ensure that confiden-
tial information is stored in secure systems and that
the recipient’s privacy is not compromised in any way.
It is highly recommended that when individ-
uals who have been treated with human tissues or
cells are discharged from an ORHA, their discharge
documentation should specifically mention this fact.
Hence, general practitioners looking after the patient
in the longer term will be able to associate unex-
pected symptoms with possible transmission or other
reactions from the tissues or cells applied. Moreover,
general practitioners should be advised to report any
suspicious or unusual findings to the ORHA.

13.14. Recipient follow-up and
clinical outcome registries

Depending on the healthcare system, a routine
clinical follow-up of the tissue or cell recip-
ient is performed either by the ORHA or by another
healthcare organisation. The extent and duration of
this routine clinical follow-up should, where possible,
be standardised for each tissue and cell product and
application.

Clinical follow-up data are to be kept at the
ORHA in the recipient’s records and may be sub-
mitted to national/international clinical outcome
registries. If clinical follow-up data are collected, see
section 13.6 and Chapter 17 for discussion of the impli-
cations for recipient consent. In some countries there
may be legal obligations to collect clinical follow-up
data. In addition to registries for which clinical
outcome data entry is mandatory, there are registries
based on voluntary reporting of clinical data. Some
of them are national, others international; some are
maintained by scientific or professional associations
whereas others are held by Health Authorities.

Clinical outcome registries provide real-world
data that may give a more realistic overview of out-
comes compared with single-centre studies. While
randomised clinical trials are considered to provide
the highest level of evidence, it is not always possible
to apply the results more generally outside the strict
inclusion/exclusion criteria of such studies. Regis-
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tries fulfil an important role in allowing studies on
large data sets that can be used to determine recipient
outcomes for a wide range of conditions, evaluating
factors that influence clinical outcome or that may
increase the risk of adverse events, and for valida-
tion of TE protocols and practices [5]. Registries have
been established for several tissue and cell products
including HPC, medically assisted reproduction and
corneal transplantation.

TEs should have a policy for introducing new or
novel tissues or cells into clinical use. The level of clin-
ical follow-up should be determined by risk assess-
ment using standard methodology such as the Euro
GTP II tool. See Chapter 18 for more information.

13.15. Adverse events and adverse

reactions

Vigilance and surveillance (V&S) is addressed
in Chapter 17. However, it should be noted that
effective V&S relies heavily on all healthcare pro-
fessionals involved, from procurement through to
application.

Serious adverse reactions (SARs) may be de-
tected during or after procurement in living donors
or after application in recipients of procured tissues
or cells. As SARs in recipients might result from
many diverse factors associated with the clinical pro-
cedure or with the recipient’s underlying condition,
clinicians might not consider the applied tissues or
cells to be the cause of or a contributory factor to
the SAR. However, there is an obligation, legal in the
EU, for ORHAs to report known or suspected SARs
to the supplying TE, which then must report to the
Health Authority. ORHAs are key players in the
identification of relevant factors in SARs and in im-
plementation of the Vigilance investigation. Health
professionals at ORHAs have to be trained in vigi-
lance and should collaborate with others to achieve
the desired outcomes.

Serious adverse events (SAEs), if detected by
the ORHA, must also be reported to the TE and the
Health Authority.

TEs that supply tissues and cells should
provide ORHAs with clear instructions on how to
report SARs and SAEs, preferably using standardised
documentation. In general, any suspected adverse
reaction or event should be reported immediately
by the ORHA to the TE that supplied the tissues or
cells, before it is confirmed or investigated, to enable
the TE to take appropriate precautionary actions to
prevent harm to other recipients and to involve the
TE in the investigation process. The ORHA has a key

role in supporting and contributing to the TE’s in-
vestigation of suspected adverse reactions and events.

13.16. Management of recalls and
reviews

here are various reasons why a TE may recall

tissues or cells that were distributed to an ORHA.
A recall may be related to the receipt of new infor-
mation on the donor’s medical or behavioural history
that implies a risk of disease transmission, or it may
be related to the discovery of an error in processing or
a fault or contaminant in a reagent or solution used
in processing. It may be instigated by the TE or re-
quired by the Health Authority.

When a TE issues a recall, it will be necessary to
trace very quickly all the recipients of the particular
batch (or donation) of tissues or cells implicated. The
existence of a centralised logbook or electronic data-
base that maintains a two-way audit trail of tissues
and cells received, with dates of use or disposal and
identification of recipients, will greatly facilitate con-
ducting a recall, so that appropriate actions may be
taken. In many of the most significant cases of disease
transmission arising from tissue and cell transplanta-
tion, it has not been possible to trace the fate of some
of the tissues supplied for clinical use. This could
leave some patients at risk and without appropriate
follow-up and treatment. In these situations, central-
ised management of tissues and cells in the ORHA
should facilitate effective action.

A review may also be required as part of an
investigation of the safety of particular tissues or
cells that have been applied to patients in the past. It
may require recalling patients for additional testing
or other investigations. Again, maintenance of a
two-way audit trail is essential for effective identifica-
tion of potentially affected patients.

13.17. References

1. SoHO V&S. Guidelines for healthcare professionals
on vigilance and surveillance of human tissues and
cells, Part 1: Tissues, available at www.notifylibrary.
org/sites/default/files/SOHOV%26S%20Vigilance%20
Guidance%2ofor%20Healthcare%20Professionals%20
-%20Part%201%20Tissues_o.pdf, accessed 9 April
2022.

2. SoHO V&S. Guidelines for healthcare professionals
on vigilance and surveillance of human tissues and
cells, Part 2: Cells, available at www.notifylibrary.org/
sites/default/files/SOHO%20V%26S%20Vigilance%20
Guidance%2ofor%20Healthcare%20Professionals%20
-%20Part%202%20HPCs_o.pdf, accessed 9 April 2022.

170


http://www.notifylibrary.org/sites/default/files/SOHOV%26S%20Vigilance%20Guidance%20for%20Healthcare%20Professionals%20-%20Part%201%20Tissues_0.pdf
http://www.notifylibrary.org/sites/default/files/SOHOV%26S%20Vigilance%20Guidance%20for%20Healthcare%20Professionals%20-%20Part%201%20Tissues_0.pdf
http://www.notifylibrary.org/sites/default/files/SOHOV%26S%20Vigilance%20Guidance%20for%20Healthcare%20Professionals%20-%20Part%201%20Tissues_0.pdf
http://www.notifylibrary.org/sites/default/files/SOHOV%26S%20Vigilance%20Guidance%20for%20Healthcare%20Professionals%20-%20Part%201%20Tissues_0.pdf
http://www.notifylibrary.org/sites/default/files/SOHO%20V%26S%20Vigilance%20Guidance%20for%20Healthcare%20Professionals%20-%20Part%202%20HPCs_0.pdf
http://www.notifylibrary.org/sites/default/files/SOHO%20V%26S%20Vigilance%20Guidance%20for%20Healthcare%20Professionals%20-%20Part%202%20HPCs_0.pdf
http://www.notifylibrary.org/sites/default/files/SOHO%20V%26S%20Vigilance%20Guidance%20for%20Healthcare%20Professionals%20-%20Part%202%20HPCs_0.pdf
http://www.notifylibrary.org/sites/default/files/SOHO%20V%26S%20Vigilance%20Guidance%20for%20Healthcare%20Professionals%20-%20Part%202%20HPCs_0.pdf

13. TISSUE ESTABLISHMENTS AND ORGANISATIONS RESPONSIBLE FOR HUMAN APPLICATION

Eisenbrey AB, Eastlund T. Hospital tissue management: available at www.notifylibrary.org, accessed 9 April
a practitioner’s handbook. Bethesda MD, USA: Amer- 2022.

ican Association of Blood Banks, 2008. 5. Armitage WJ, Claesson M. National corneal transplant
Notiry Library. The global vigilance and surveil- registries. In Hjortdal J, ed., Corneal transplantation,
lance database for medical products of human origin, pp- 129-38, New York: Springer, 2016.

171


http://www.notifylibrary.org

Chapter 14. Computerised systems

14.1.  Introduction
Computerised systems are playing an ever-in-
creasing part in the management of business op-
erations, including those related to healthcare. Tissue
establishments (TEs) and donor registries may use
a wide range of computerised systems. These can
range from simple stand-alone computer systems
that use a software package to track and trend data to
fully integrated systems that control a range of pro-
cessing steps and present data that will allow release
of tissues and cells for clinical applications. In some
cases, these systems are relied upon to record consent
and donor identity. Computerised systems may also
have a role in managing the quality system docu-
mentation, and controlling the facility (premises) or
ensuring that the required environmental conditions,
such as air-pressure differentials or particle counts,
are maintained (e.g. a building-management system).
Errors and malfunctions of computer systems
can go unnoticed and might have serious conse-
quences [1]. Changes in software must be managed
carefully to ensure that data have not been cor-
rupted or reorganised in a manner that changes
their meaning or impact. A review conducted in 2010
reported the discovery of a systematic error in the
documentation of wishes of organ donation that had
probably occurred in 1999 and which potentially af-
fected the records of > 900 0oo individuals.
Computerised systems help to bring efficiency
to processes. However, if they record critical infor-
mation with an impact on donation, processing and
release of tissues and cells, they must be selected and

validated just like any other piece of critical equip-
ment [2].

14.2. Planning the implementation

of a computerised system

Figure 14.1 describes the different steps in imple-
menting a computer system. It illustrates the
design flow and documents related to specific phases
(life-cycle documentation), together with the divi-
sion of responsibilities between supplier/vendor and
user with regard to testing, user instructions, main-
tenance, system improvements and access to source
code. Diagram A reports the models for system
software categories 4-5 and diagram B reports the
simplified model for system software category 3 (as
in Table 14.1). Before implementation of a computer-
ised system at a TE, it is advisable that the user has
close contact with their information technology (IT)
department, or an IT consultant independent of any
supplier of computerised systems.
The TE needs to:
a. define the system by generating a written de-
scription of the functions that it is designed
to carry out, and all human interactions, i.e.
functional and non-functional requirements,
to define the user requirements specifications
(URS). The URS will be the basis for subse-
quent testing and verification of the developed/
supplied system. A list of minimal require-
ments for the computerised system includes
(but is not limited to):
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Table 14.1. An approach to verification and control of computerised systems by system category

Category Description Typical examples Typical approaches
Infrastructure software « Software on which appli- Operating systems «  Record version num-
(Cata) cations are built Database engines ber and verify correct
- Software used to manage Statistical packages installation by following
the operating environ- Spreadsheets approved installation
ment Network monitoring tools procedures
Scheduling tools
Document version control
tools
Non-configured (Cat.3)* - Software cannot be con- Firmware-based applica-  « Specify user requirements
figured to suit the specific tion before selection
process, but working pa- Commercial off-the-shelf - Risk-based approach to
rameters can be set to suit software packages supplier assessment
the intended use. Instrument software (e.g. + Record version number
software associated with and verify correct instal-
machines used for testing lation
bacteriology or serology, + Risk-based tests against
cell counters) requirements as dictated
by use (for simple systems,
regular calibration may
substitute for testing)

«  Procedures in place for
maintaining compliance
and fitness for intended
use

Configured (Cat.4) -+ Software, often very Management system for + Risk-based approach to
complex, that can be donation, processing, supplier assessment
configured by the user to storage and distribution of « Demonstrate supplier has
meet the specific needs tissues and cells adequate quality manage-
of the user’s business Building-management ment system
process; software code is systems (monitoring air - Some life-cycle docu-
not altered pressures in rooms, tem- mentation retained only

perature and/or particles, by supplier (e.g. design

temperatures of fridges, specifications)

freezers and incubators) - Configuration documen-

Clinical trial tation supplied to the

Monitoring customer

Note: specific examples of « Record version number

the above system types and verify correct instal-

may contain substantially lation

customised elements + Risk-based testing to
demonstrate application
works as designed in a test
environment

+ Risk-based testing to
demonstrate that the
application works as de-
signed within the routine
environment

«  Procedures in place for
maintaining compliance
and fitness for intended
use

«  Procedures in place for
managing data

Custom «  Software custom-de- Varies, but may include: Same as for ‘Configured’

(Cat.5) signed to suit business Internally or externally above, but also:

process

developed management
systems for donation,
processing, storage and
distribution of tissues and
cells

Internally or externally
developed process control
applications

Spreadsheet macro (i.e.
database spreadsheet for
clinical trial monitoring)

More rigorous supplier
assessment, with possible
supplier audits

Possession of full life-cycle
documentation (as indicat-
ed in Figure 14.1)

*In GAMP4, firmware applications represented category 2, which is now integrated into category 3.
Source: International Society for Pharmaceutical Engineering. Good Automated Manufacturing Practice (GAMP) 5 [10].
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Figure 14a. ‘V' model diagrams for computer system implementation

A. Models for system software categories 4-5
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B. Simplified model for system software category 3
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Dashed lines indicate relationships between testing and specification documents. Section A (top) describes system software categories
4-5; section B describes category 3 (categories as in Table 14.1).
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i. the need to manage calculations and printouts
(e.g. reports and labels),

ii.the need for data protection, e.g. personal
access to the system or parts of the system (see
§14.12),

iii. the duration of and options for record storage
(in general in the EU, 10 years is required for
quality-system-related data and 30 years for
traceability-related data),

iv. backup conditions ensuring data restoration,

v.the need to interface with other computerised
systems/registries (social security registries,
administrative systems, financial systems), as
well as system availability over time,

vi. the need for encryption in case information is
transferred over an open network,

vii. fulfilment of the applicable legal requirements
if the computerised system is intended to be
used for a purpose specified in the definition
of a “medical device” (in the EU, this is defined
in the medical devices regulation EU 2017/745),

viii.the need for audit trails (registration of
GMP-relevant changes or data deletion),
ix.read-only access of Quality Assurance to the
computerised system and its audit trail(s),
x.handling of data originating/accumulating
from measurements,

xi. e-archives for long-term storage of data,

xii. the need to handle archive migration to other
TEs in compliance with data protection and
national regulatory authority directives;

b. evaluate the different systems available and
choose one that meets the established require-
ments (though the degree of user-friendliness
and maintenance should also be taken into
consideration);

c. audit the developer/manufacturer to ensure
that they can provide a product that meets reg-
ulatory requirements on the basis of a risk as-
sessment (see Chapter 2).

These steps should ensure that the user has all
the necessary information about the system to be
purchased and that the IT department or IT con-
sultant has received the relevant technical informa-
tion. It is recommended that the developer/supplier
of the computerised system receives proper informa-
tion about integrated systems that have to be linked
to the system to be purchased. This course of action
also minimises the need for ‘work around’ by the user
(which can be a source of error).

The computer system that manages the activi-
ties of a TE usually includes hardware, software, pe-
ripheral devices and documentation such as manuals
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and standard operating procedures (SOPs). For
further information, refer to the International Or-
ganization for Standardization ISO/IEEE 12207:2017,
ISO/IEC/IEEE 29148:2018, ISO/IEC 27001:2013 and
ISO/IEC 27007:2011 [3, 4, 5, 6].

14.3. Qualification and testing

he guidance in Chapter 2 on the qualification

of new equipment should be taken into account.
The qualification of computerised systems in a TE
should be incorporated in the general validation plan
of the centre, which should include:

a. the identity of the computerised systems and
interfaces that are subject to qualification;

b. a brief description of the verification strate-
gies for different categories of computerised
systems, as well as other qualification activities;

c¢. an outline of the protocols and related test pro-
cedures for all qualification activities of the
computer system (the reporting requirements
for documenting the qualification exercises
and related results should also be defined);

d. the identity of the responsible persons of the
computerised system, and their responsibilities
as part of the qualification programme.

The level of qualification required for comput-
erised systems is dependent on the criticality of the
systems to the quality and safety of the tissues and
cells. Therefore, a criticality rating based on a risk
assessment should be applied to all computerised
systems in place. The method of verification of these
critical systems depends on the type/category of soft-
ware used. Table 14.1 gives some examples with sug-
gested approaches to verification.

Verification should be commensurate with
level of risk, intended use and potential implications
of malfunction to quality and safety.

Before qualification of a newly installed com-
puterised system can be carried out, a full set of doc-
umentation that is as detailed as necessary to ensure
appropriate operation of the system must be in place.
The documentation should include:

a. adetailed specification (inventory) of the hard-
ware, software and peripheral devices, in-
cluding their environmental requirements and
limitations;

b. diagrams or flowcharts of the system’s opera-
tions that describe all component interfaces, a
network diagram and all database structures
(e.g. file sizes, input and output formats) — if
applicable: i.e. for system software categories 4
and s;
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c. SOPs that describe how the system is used.
The user should develop the SOPs, based on
the instructions for use provided by the soft-
ware developer and the internal procedures of
the establishment. In particular, SOPs should
address all manual and automated interactions
with the system, including:

i.routine backup, maintenance and diagnostic
procedures, including assignment of responsi-
bilities,

ii. safety leading indicators [5, 6, 7],

iii.'‘work-arounds’ for system limitations,

iv.procedures for handling errors, including as-
signment of responsibilities,

v. procedures for handling disasters and contin-
gency planning, including assignment of re-
sponsibilities,

vi.procedures for database amendments by
formal request by authorised persons,

vii. procedures for verification of a change,

viii. a training system that includes manuals, docu-
mentation and procedures for training.

Verification documents and the results of tests
undertaken and approved by the supplier/vendor or
developer of the system must be part of the documen-
tation supplied to the user. The user can then carry
out tests according to a predefined and documented
test plan [8]. Types of risk to consider include inade-
quate design of a system, errors that may occur in use
(errors of use or system defects) and loss or distortion
of data [9]. Testing should involve the entire system,
and in the manner in which it is expected to perform
routinely in the establishment. Testing may be done
by a third party but, in that case, must also include
personnel from the TE. The organisation for owner-
ship, system management, maintenance and support,
and the plan for regular internal revisions, should
be included in the quality-management system (see
Chapter 2). If the operating system and/or firmware
platform are subject to changes, including but not
limited to patching or updating for security reasons,
an analysis should be performed to evaluate whether
those changes could affect the system, and a revision
of the quality system should be done to assure the
procedures (see $14.4).

The following types of basic testing are exam-
ples of what should be conducted initially and when
new versions of the software are installed:

a. Functional testing of components
Initial qualifications are usually carried out by
supplier/vendor, who will provide the user with

documentation related to the tests performed.
At minimum, documents should include:

i. details of the methods employed to conduct
verifications and testing of requisites stated in
the URS document,

ii. qualification documents with results of tests
(test scripts) for each functionality, including
test procedure, expected result, test result, ac-
ceptance criteria, and

iii. conformity statement with relevant signatures.

iv. For traceability and to facilitate quality assur-
ance review and follow-up, it is recommended
that any supporting documentation (e.g. print
screens) be included to verify the specific test
case.

b. Data migration
The process for data migration should be
defined, documented and tested appropriately.
This should ensure full maintenance of tracea-
bility, including archiving of data (if necessary).

c. Environmental testing (installation and verifi-
cation instructions, or IVI)

In the actual operating environment, func-
tional tests are carried out to demonstrate that:

i.the software systems work appropriately with
the hardware,

ii. all applications of the software perform appro-
priately with the software operating system,

iii. appropriate information passes correctly
through system interfaces, including appro-
priate data transfer to or from other labora-
tory and automated (e.g. serology testing, cell
counting) systems (if applicable),

iv. accessories such as barcode scanners perform
as expected with the barcodes in use (if appli-
cable),

v.printed reports are formatted appropriately
and correctly,

vi. personnel are trained and use the system cor-
rectly,

vii. the system performs appropriately at peak pro-
duction times and with the maximum number
of concurrent users,

viii. backups restore data in a correct and regular
way.

Moreover, monitoring of personnel usage
training should be performed periodically as part of
the quality system.
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14.4. Change control

In case of changes in the software, the verification
status needs to be re-established. If re-verification
analysis is needed, it should be based on risk assess-
ment and conducted not only for verification of the
individual change, but also to determine the extent
and impact of that change on the entire computerised
system.

Changes should be handled following the V
diagram in Figure 14.2. Depending on the system, it
may be desirable to have a test version of the comput-
erised system containing the same data (mirrored).

Maintenance and scheduled
operations

D ata should be checked periodically and system-
atically by qualified IT personnel to identify and
remove unwanted data (e.g. duplicate records) and to
ensure that data entries are stored accurately and ap-
propriately. Manual entry of critical data requires in-
dependent verification by a second authorised person,
and this step can be part of the software requirements.

Please refer to ISO/IEC 14764 for further guid-
ance on maintenance [9].

Security should cover at least:

14.5.

Figure 14.2. Handling of software life-cycle activities

a. an adequate change history of the system, for
both software and hardware (when necessary);

b. periodically altering electronic passwords and
removing unnecessary or outdated access;

c. creating records of all data changes (i.e. an
audit trail), including a retained record of pre-
vious data and the reason for the change;

d. appropriate use of malware (e.g. computer
virus) protection programs;

e. control of administrative security access to
ensure that only authorised personnel can
make changes to the software, system config-
uration and data;

f. regular testing to verify the appropriate integ-
rity and accuracy of backed-up data;

g consider if a permanent storage (e-archive) of
specific data is necessary.

14.6. Quality assurance

hedata-processingsystem shouldbe consideredas
critical equipment within the quality-assurance
programme, which as a minimum should:

a. ensure the ongoing accuracy and completeness
of all documentation on equipment, software
maintenance and operator training;

b. undertake audits periodically to verify ap-
propriate accomplishment of all performance

Changes

Migration

URS

GxP assessment Release

Concept Project

Operation

v >

Retirement

Supplier may provide knowledge, experience, documentation and services throughout life-cycle.

URS: user requirements specifications. GxP: good [specialism] practice. Orange: user. Blue: supplier.
Source: modified from ISPE Good Automated Manufacturing Practice (GAMP) 5 [10].
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tests, routine maintenance, change procedures,
data-integrity checks (including audit-trail
checks), error investigations and operator-
competence evaluations.

Appendix 26 contains an example of a checklist
that can be used for internal or external audits.

Industry guidance for
verification of computerised
systems

14.7.

he most common industry guide used for veri-

fication of computerised systems is that from
the International Society for Pharmaceutical Engi-
neering (ISPE) [10]. More specific guidance related to
blood and tissues is available from the British Com-
mittee for Standards in Haematology [11].

14.8. Regulations and official
guidance on verification of
computerised systems

egulation of computerised systems is well estab-

lished in the pharmaceutical industry, with EU
Good Manufacturing Practices (GMP) [12] acting as
the regulatory reference in the EU. The advice of the
OECD Working Group on Good Laboratory Practice
on applying these principles to computerised systems
is also recommended [13]. Inspectors in the EU also
use the Pharmaceutical Inspection Co-operation
Scheme Guidance (PIC/S) [14]. The pharmaceutical
industry operates on a global scale, so many Euro-
pean companies maintain compliance with the US
Food and Drug Administration (FDA) [15]. These
regulatory documents can be useful sources of refer-
ence for TEs.

If a computerised system replaces a manual
operation, there should be no decrease in product
quality, process control or quality assurance, as well
as no loss of data. There should be no increase in the
overall risk of the process [12].

The PIC/S document also lists the critical items
that an inspector should consider during inspec-
tion and is a valuable tool for TEs since it details the
minimum requirements that should be in place [14].
Appendix 26 contains a checklist adapted from ISO/
IEC 27007:2011 and the guidance document of the
Swedish Board for Accreditation and Conformity
Assessment (SWEDAC).

14.9. Infrastructure
Infrastructure is necessary in order to guarantee
the correct data handling between work stations
hosting the computer system and the relevant server(s).
Infrastructure includes but is not limited to commu-
nication by physical lines (e.g. ethernet), switches
and routers. Correct design of a computer system
must consider the use of suitable tools (e.g. test suites,
servers, version- and configuration-control systems,
modelling and architecture tools, communication
tools, traceability and behavioural-modelling tools).
With increasing availability of flexible working solu-
tions, some infrastructure limitations may ensue
from the use of personal work stations.

14.10. Failure of the system

For computerised systems that support critical pro-
cesses, provision (e.g. disaster recovery or busi-
ness contingency plan/procedure) should be made to
ensure continuity of support for those processes in
the event of a system breakdown (e.g. a manual or al-
ternative system). The time required to enact alterna-
tive arrangements should be based on risk assessment
and should be appropriate for the particular system
and the business process it supports. These arrange-
ments should be documented and tested adequately
[12]. Testing of these alternative systems and their
ability to retrieve data should be assessed periodically
(based on risk assessment).

14.11. Electronic signature

Records may be signed electronically. According
to Annex 11 of EU GMP [12], all electronic signa-
tures are expected to:

a. have the same impact as handwritten signa-
tures within the boundaries of the organisa-
tion;

b. be permanently linked to their respective
record;

c. include the reason, the time and date that they
were applied.

14.12. Data protection

Critical and sensitive data must be protected from
unauthorised information modification and
from unauthorised information access/release. Pro-
cedures for personal data protection must comply
with national legal requirements or, for EU countries,
with the requirements defined in Regulation EU
2016/679 and Directive 2010/45/EU on the Protection
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of natural persons with regard to the processing of
personal data and on the free movement of such data.

Appropriate technical and organisational
measures must be taken to guarantee a level of se-
curity appropriate to the risk, measured against the
context and purposes of the processing. The factors
which may be analysed to determine the appropriate-
ness of the measures include degree of data sensitivity,
the risks to data subjects in the event of a breach, and
the costs involved in implementing specific types of
security measures. The latter may include:

a. encryption or pseudonymisation;

b. measures to ensure the confidentiality, integ-
rity and resilience of processing systems;

c. methods which enable the timely access to, res-
toration of or availability of personal data in
the event of an incident;

d. regular tests and evaluation to ensure that the
measures implemented meet their desired ob-
jective of maintaining security of data pro-
cessing.

All personal data stored in computerised
systems must be stored in a secure manner, with
access available only to authorised personnel. The
system should ensure data inalterability, and an audit
trail with registration of data access and modifica-
tions, including date and identification of personnel
executing modifications. For those applications in
which all users should not have identical authority,
some scheme is needed to ensure that the computer
system implements the desired authority structure.

14.13. Archiving

ritical data must be archived in a long-term stable
medium and placed ‘off site’ physically or as an
e-archive backup at a location remote from the hard-
ware, to ensure secure storage. Backup is essential for
disaster recovery, and a common approach, one that
keeps data safe in almost any failure scenario and
is easy to remember, is the 3-2-1 backup rule: there
should be at least three different versions of your data
over different periods of time stored on two different
pieces of media, one of which is placed off-site [16].
Archived critical data should be checked for
accessibility, readability and integrity. If changes are
made to the system (e.g. new computer equipment
or software is installed), then the ability to retrieve
archived data must be ensured and tested [12]. Ar-
chiving should be conducted using secure software
methods such as databases compliant with ACID
(atomicity, consistency, isolation and durability) re-
quirements, that guarantee data integrity. Files should
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be stored in databases, if possible in a time-durable
format. Among formats more commonly used are
software-encrypted files and CRC (cyclic redundancy
check)-secured files, that require dedicated software
to be managed. As this characteristic may condition
future retrieval, an ISO-standardised version of the
Portable Document Format (PDF), called PDF/A [17],
has been implemented to ensure document reproduc-
tion using any device in years to come, as the format
is independent of hardware and software platforms.

14.14. References

1. Borycki E, Dexheimer JW, Hullin Lucay Cossio C et al.
Methods for addressing technology-induced errors:
the current state. Yearb Med Inform 2016 Nov 105(1):
30-40. https://doi.org/10.15265/1Y-2016-029, accessed 7
July 2022.

2. Leveson N. Engineering a safer world: systems thinking
applied to safety. Cambridge MA: MIT Press; 2012.

3. ISO/IEC/IEEE
Standardization/International

(International ~ Organization for
Electrotechnical
Commission/Institute of Electrical and Electronics
Engineers) 12207:2017. Systems and software engi-
neering — Software life cycle processes.

4. ISO/IEC/IEEE 29148:2018. Systems and software
engineering — Life cycle processes — Requirements
engineering.

5. ISO/IEC 27001:2013 Information technology - Secu-
rity techniques — Information security management
systems — Requirements.

6. ISO/IEC 27007:2011 Information technology - Secu-
rity techniques — Guidelines for information security
management.

7. Leveson N. A systems approach to risk management

through leading safety indicators, available at http:
//sunnyday.mit.edu/papers/leading-indicators-final.
pdf, accessed 10 April 2022.

8. IEC (International Electrotechnical Commission)
62366. Medical devices: application of usability engi-
neering to medical devices.

9. ISO/IEC 14764. Software engineering — Software life
cycle processes — Maintenance.

10. International Society for Pharmaceutical Engineering.
Good Automated Manufacturing Practice (GAMP) 5:
arisk-based approach to compliant GxP computerised
systems, available at www.ispe.org/gamp-5, accessed
10 April 2022.

11. British Committee for Standards in Haematology.
Guidelines for the specification, implementation and
management of information technology (IT) sys-
tems in hospital transfusion laboratories, June 2017,
available at https://b-s-h.org.uk/media/15774/

transfusion-jones-specification-implementation-and-


https://doi.org/10.15265/IY-2016-029
http://sunnyday.mit.edu/papers/leading-indicators-final.pdf
http://sunnyday.mit.edu/papers/leading-indicators-final.pdf
http://sunnyday.mit.edu/papers/leading-indicators-final.pdf
http://www.ispe.org/gamp-5
https://b-s-h.org.uk/media/15774/transfusion-jones-specification-implementation-and-management-of-information-technology-systems-in-hospital-transfusion-laboratories.pdf
https://b-s-h.org.uk/media/15774/transfusion-jones-specification-implementation-and-management-of-information-technology-systems-in-hospital-transfusion-laboratories.pdf

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

12.

13.

14.

management-of-information-technology-systems-
in-hospital-transfusion-laboratories.pdf, accessed 10
April 2022.
European Commission. Good Manufacturing
Practices, Vol. 4: Human and veterinary, Annex 11:
computerised systems, available at https://ec.europa.
eu/health/document/download/8d305550-dd22-4dad-
8463-2ddbgai345f1_en, accessed 10 April 2022.

OECD Working Group on Good Laboratory Prac-
tice. Application of GLP principles to computerised
systems, Advisory Document No. 17 (ENV/JM/
MONO (2016) 13),

officialdocuments/publicdisplaydocumentpdf/?cote

available at www.oecd.org/

=env/jm/mono (2016) 13&doclanguage=en, accessed
10 April 2022.

PIC/S (Pharmaceutical Inspection Co-operation
Scheme). Good practices for computerised systems
in regulated GxP environments (PI o11-3), available at

www.picscheme.org, accessed 10 April 2022.

Related material

15.

16.

17.

Appendix 26. Checklist for revision of computerised systems

180

FDA (United States Food and Drug Administra-
tion). Title 21 Code of Federal Regulation (CFR)
Part 11, Electronic records; electronic signatures—
scope and application, available at www.fda.gov/
regulatoryinformation/guidances/ucmi25067.htm,
accessed 10 April 2022.

Ruggiero P, Heckathorn MA. Data backup options.
United States Computer Emergency Readiness Team
(US-CERT), 2012, available at https://us-cert.cisa.gov/
sites/default/files/publications/data_backup_options.
pdf, accessed 10 April 2022.

ISO 19005-1. Document management - Electronic
document file format for long-term preservation -
Part 1: Use of PDF 1.4 (PDF/A), available at www.
pdfa.org/publications/?wpv_view_count=3934-
TCPID3755&wpv_sort_orderby=post_date&wpv_
sort_order=desc&wpv_paged=7, accessed 10 April

2022.


https://b-s-h.org.uk/media/15774/transfusion-jones-specification-implementation-and-management-of-information-technology-systems-in-hospital-transfusion-laboratories.pdf
https://b-s-h.org.uk/media/15774/transfusion-jones-specification-implementation-and-management-of-information-technology-systems-in-hospital-transfusion-laboratories.pdf
https://ec.europa.eu/health/document/download/8d305550-dd22-4dad-8463-2ddb4a1345f1_en
https://ec.europa.eu/health/document/download/8d305550-dd22-4dad-8463-2ddb4a1345f1_en
https://ec.europa.eu/health/document/download/8d305550-dd22-4dad-8463-2ddb4a1345f1_en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)13&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)13&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)13&doclanguage=en
http://www.picscheme.org
http://www.fda.gov/regulatoryinformation/guidances/ucm125067.htm
http://www.fda.gov/regulatoryinformation/guidances/ucm125067.htm
https://us-cert.cisa.gov/sites/default/files/publications/data_backup_options.pdf
https://us-cert.cisa.gov/sites/default/files/publications/data_backup_options.pdf
https://us-cert.cisa.gov/sites/default/files/publications/data_backup_options.pdf
http://www.pdfa.org/publications/?wpv_view_count=3934-TCPID3755&wpv_sort_orderby=post_date&wpv_sort_order=desc&wpv_paged=7
http://www.pdfa.org/publications/?wpv_view_count=3934-TCPID3755&wpv_sort_orderby=post_date&wpv_sort_order=desc&wpv_paged=7
http://www.pdfa.org/publications/?wpv_view_count=3934-TCPID3755&wpv_sort_orderby=post_date&wpv_sort_order=desc&wpv_paged=7
http://www.pdfa.org/publications/?wpv_view_count=3934-TCPID3755&wpv_sort_orderby=post_date&wpv_sort_order=desc&wpv_paged=7

Chapter 15. Coding, packaging and labelling

15.1.  Introduction

he quality and safety of tissues and cells is de-

pendent not only on the way they are procured
or processed, but in the way they are coded, pack-
aged and labelled before being sent to an organisation
responsible for human application [1, 2]. The World
Health Organization (WHO) has published an aide-
mémoire on the key safety requirements (including
storage, packaging and labelling) for essential min-
imally processed human cells and tissues for trans-
plantation, and some countries have adopted legal
requirements to ensure that human tissues and cells
are appropriately packaged, labelled and coded [3].
These steps are also addressed in the EU tissues and
cells legislation. This chapter offers guidance on the
coding of tissues and cells, and their packaging and
labelling requirements are discussed.

15.2. Coding

With increasing movement of tissues and cells
across borders, the capacity to uniquely iden-
tify them is essential. This can be achieved by coding
that facilitates tracing the tissues and cells from
donor to recipient and vice versa while respecting
data protection and confidentiality rules.

Coding started with the development of local
coding systems applied in individual tissue estab-
lishments, but in the last two decades there has been
significant movement towards the use of national
and international coding standards, building on the
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longer and more consolidated experience in blood
transfusion.

15.2.1. ISBT 128

ICCBBA (the International Council for Com-
monality in Blood Banking Automation) manages
ISBT 128 [4, 5, 6], which is the most widely used in-
formation standard for medical products of human
origin, including tissues and cells. ICCBBA is a not-
for-profit, non-governmental organisation in official
relations with the WHO, and ISBT 128 is endorsed
by 21 scientific and professional organisations. The
standard is developed and maintained with input
from more than 250 volunteer experts in the fields
of transfusion and transplantation from around the
world and provides a structured product terminology
with more than 2500 defined cell and tissue codes.
In January 2020, the ICCBBA standardised the ter-
minology of almost all types of cells and tissues and
based it on the concepts of Class, Modifiers and At-
tributes [4, 5].

Due to the growing number of cell donors
worldwide, the World Marrow Donor Association
has developed a unique global donor identifier to
guarantee safe and unequivocal donor identification:
the Global Registration Identifier for Donors (GRID)
[7]. In September 2017, ICCBBA issued a new ISBT 128
standard [7, 8] describing its rules.
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Figure 151. Examples of finished tissue product labels with the Single European Code

A. Label with SEC derived from ISBT 128

B. Label with SEC derived from Eurocode

Product description

L Expiry date
/ Product code
/’ and split number
Globally unique
<«— donation identification

number

} Single European Code

Label for small containers

Unique product ID - Eurocode{

Product code{

Single European Code (SEC){

Service labels for end-users

}Expiry date

}Pharmaceutical registration ID
(Germany only)

15.2.2. Eurocode

Eurocode International Blood Labelling
Systems e.V. (Eurocode IBLS) [9] is a not-for-profit as-
sociation under German law. Eurocode IBLS manages
the coding standard Eurocode, which is an ISO15418-
listed information standard providing worldwide
unique identifiers for labelling blood products, cells
and tissues to enhance security in blood transfusion
and cell and tissue transplantation. Today it is used
in various countries, including Germany and Austria.

Single European Code for tissues and
cells

15.2.3.

In 2015, the European Commission adopted
Directive 2015/565/EC, amending Directive 2006/86/
EC [10] as regards certain technical requirements
for the coding of human tissues and cells, and es-
tablishing the EU Coding Platform and the Single
European Code. The EU Coding Platform (https://
webgate.ec.europa.eu/eucoding) provides access to
the EU Tissue Establishment Compendium, the EU

Tissues and Cells Products Compendium (EUTC)
and a code-translator application. The directive in-
troduces the obligation on tissue establishments to
affix a Single European Code (SEC) on tissues and
cells distributed or imported for human application
in the EU or exported from the EU [11]. The direc-
tive also sets out the requirements for its application
(including exceptions) and the general obligations of
tissue establishments, competent authorities and the
European Commission.

The SEC provides for standardisation across the
EU. The permitted product coding systems are ISBT
128, Eurocode and the EUTC (Figure 15.1). The ISBT
128 and Eurocode product descriptions are mapped
to the high-level product description codes provided
by the EUTC (see §15.2.3.3 below).

15.2.3.1. Application of the Single European Code
Except for the exemptions described later, ap-
plication of the SEC [11, 12, 13] by EU tissue establish-
ments is mandatory for all tissues and cells distributed
for human application. When tissues and cells are
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released for circulation (e.g. to other tissue estab-
lishments, third parties, manufacturers of advanced
therapy medicinal products), the primary package
must include a unique identification number or code
and the donation identification sequence (DIS) (see
Table 15.1). If the container is too small to include the
DIS on the label, the DIS must be included in the ac-
companying documentation.

There are some general exemptions to the re-
quirement for application of the SEC code. These
include partner donation of reproductive cells, tissues
and cells distributed directly for immediate trans-
plantation to the recipient (e.g. HPC), and tissues and
cells imported from non-EU countries into the EU in
cases of emergency that are authorised directly by the
Health Authorities. EU member states may also allow
exemptions for tissue and cells other than partner
gamete donation, when these tissues and cells remain
in the same centre or when tissues and cells that are
imported from non-EU countries into the EU remain
within the same healthcare facility from importation
to application (provided that the healthcare facility
is a tissue establishment authorised to import tissues
and cells).

Application of the SEC does not preclude addi-
tional application of other codes in accordance with
the national requirements of EU member states.

Countries already using existing coding
systems compatible with the SEC requirements (i.e.
ISBT 128, Eurocode) with a standard for barcoding
and other forms of machine readability can continue
using those systems while incorporating the new
legal requirements. There will also be the potential of
making the SEC machine-readable in the future. The
use of machine-readable barcode labels will ensure
the accuracy of records, as manual transcription
errors will not occur, and the machine output can
easily be entered into electronic databases.

Tissues or cells imported from third countries
for distribution in the EU must also be labelled with
the SEC (unless the EU member state applies the ex-
emption above). The importing tissue establishment
is responsible for the application of the SEC on the
product and in the accompanying documentation

Table 15.1. Single European Code for tissues and cells

(double coding/labelling with both the original code
and the SEC).

The DIS (see Table 15.1) must use the tissue
establishment number allocated to the importing
tissue establishment in the EU Tissue Establishment
Compendium. Imported tissues or cells that are
already labelled with a globally unique number pro-
vided by an international organisation (e.g. ICCBBA
or Eurocode IBLS) must use this as the unique do-
nation number. If the imported tissues or cells do
not carry an identifier from one of these systems, the
importing tissue establishment must assign its own
unique number. The importing tissue establishment
must retain traceability mapping between the identi-
fier they have assigned and the original identification
of the imported tissues or cells. Consideration must
be given to the possibility that the original identi-
fier may not be unique if products are received from
more than one source where the suppliers have used
local donation numbering systems; it is quite possible
that the same identifier may be used by different sup-
pliers to identify completely different donations. The
traceability mapping must therefore include both the
original identifier and the supplier identification.

If the imported tissues or cells are already la-
belled using ISBT 128 or Eurocode, the product code
from the original label may be used in the product
identification sequence (see Table 15.1) provided that
this code is listed in the EU Product Compendium.
In all other cases, the importing tissue establishment
must assign a product code from one of the three
product coding systems (EUTC, ISBT 128 or Eu-
rocode) that is listed in the EU Product Compendium
and most accurately describes the imported tissues
or cells.

Split numbers carried by imported tissues or
cells that do not exceed three alphanumeric charac-
ters can be used directly in the SEC. If the imported
tissues or cells carry a longer split number, or where
no split number is provided, the importing tissue
establishment must assign a new split number with
a maximum of three alphanumeric characters to
ensure uniqueness of the SEC. Particular care needs
to be taken where the product code being assigned to

Donation Identification Sequence Product Identification Sequence
Tissue establishment code Unique dona- Product code Split number Expiry date
ISO country  [Tissue establish- | tionnumber o 4.t Coding Product (yyyymmdd)
code ment number System iden- number
tifier
2 alphabetic | 6 alpha-numeric |13 alpha-numeric| 1alphabetic | 7 alpha-numeric | 3 alpha-numeric | 8 numeric char-
characters characters characters character characters characters acters

Source: Annex VII of EU Directive 2015/565.
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the imported tissues or cells is more generic than the
original product; for example, bone rings and bone
dowels imported with the same donation number
where each product is identified by a product code as-
signed by the supplier and with a split number of oo1.
The importing tissue establishment applies the SEC
using the EUTC code of MUSCULOSKELETAL, BONE,
SHAPED GRAFT, which means that the two different
original product codes have now been mapped to one
EUTC code. It is, therefore, no longer possible to use
the allocated split numbers as this would result in
duplication and the importing tissue establishment
must assign a new split number and retain records to
map back to the original identifiers.

15.2.3.2. Structure of the Single European Code

The SEC is a unique identifier that consists
of two elements: a donation identification sequence
that indicates the origin of the tissue or cells, and a
product identification sequence that describes the
type of tissue or cells. Further details are specified in
Annex VII to the directive (see Table 15.1).

15.2.3.2.1. Donation identification sequence

The coding system must identify each donation
event because donors can potentially donate tissues
and cells on several occasions (e.g. an individual may
donate gametes and HPC when alive and corneal
tissue after death). Each tissue establishment au-
thorised in an EU member state must use the tissue
establishment number allocated in the EU Tissue
Establishment Compendium which, in combination
with the International Organization for Standardiza-
tion (ISO) country code, will create the tissue estab-
lishment code.

Each tissue establishment must assign a unique
number for the donation based on the donation iden-
tification system in place in their country. Donation
numbers with fewer than 13 characters will be padded
with leading zeros in the SEC. The unique donation
number may be created locally by the tissue estab-
lishment, centrally (by a Health Authority) or glob-
ally as a unique number provided by an international
organisation (e.g. ICCBBA or Eurocode IBLS).

Taken together, these codes will ensure that
each donation event will have a unique donation
identification number that can be used to label each
tissue. In the case of pooling of tissues and cells, a
new donation identification number must be allo-
cated to the final product.

15.2.3.2.2. Product identification sequence
The product identification sequence consists
of the assigned product code, a split number (if ap-

plicable) and the expiry date of the product (if ap-
plicable) in ISO standard format (yyyymmdd). For
tissues and cells without a defined expiry date, the
expiry date must be oooooooo. The product code in-
cludes an identifier of the coding system used (‘E’ for
EUTC, ‘A’ for ISBT 128 and ‘B’ for Eurocode) followed
by the appropriate product number corresponding to
the tissue/cell type.

As explained above, and also taking into
account the coding practices used by the EU
member states, the SEC provides a flexible solution
by allowing tissue establishments to use one of three
product coding systems (EUTC, ISBT 128, Eurocode)
for which all tissue and cell codes have been included
in the EU Tissue and Cell Product Compendium.
Tissues and cells in the three product coding systems
are mapped to each other to ensure that a tissue or
cell code in the SEC can be ‘translated’ irrespective
of the system used. EUTC provides only the basic no-
menclature, but ISBT 128 and Eurocode include more
detailed product information (e.g., EUTC may rep-
resent a product type such as a tendon, whereas the
other two systems may specify whether the tendon is
whole, shaped or irradiated).

EU member states may decide to permit tissue
establishments to use only one product coding system
(EUTC, ISBT 128 or Eurocode), or more than one in
parallel.

The SEC on the label attached to each product
will be in eye-readable format and preceded by the ab-
breviation ‘SEC’. The DIS and product identification
sequence must be separated by a single space or as
two successive lines. Using ISBT 128, a data structure
is available to allow the SEC to be machine-readable.

The coding system for traceability of reproduc-
tive tissues and cells started to be obligatory from
April 2017. Now, tissue establishments distributing
reproductive tissue and cells must provide the SEC
within the transport documentation. For reproduc-
tive samples stored before April 2017 or within the
transitional period, centres may need to create the
SEC manually by combining the donation identifica-
tion number with the product identification number.

During the manual creation of the sequence,
and taking into consideration the importance of the
number of digits of the SEC, double witnessing pro-
tocols have to be applied if in-house automation is not
possible during the SEC generation.

An example of SEC for reproduction cells can
be found in the article by Alteri et al. [14].

15.2.3.3. EU Coding Platform
The EU Coding Platform introduced by Direc-
tive 2006/86/EC (as amended by Directive 2015/565/
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EC) is the major tool for implementing the SEC re-
quirements. It is an IT platform hosted by the Com-
mission and it contains the EU Tissue Establishment
Compendium and the EU Tissue and Cell Product
Compendium [15].

a. The EU Tissue Establishment Compendium
is the register of all tissue establishments that
are authorised, licensed, designated or accred-
ited by each EU member state’s competent
authority or authorities; it contains the infor-
mation about these tissue establishments along
with their corresponding tissue establishment
codes. The EU Tissue Establishment Compen-
dium is hosted by the European Commission
and maintained by the member states’ com-
petent authorities. Each competent authority
is responsible for the accuracy of the entries
for the tissue establishments that they have li-
censed or authorised and for keeping these
entries up to date.

b. The EU Tissue and Cell Product Compen-
dium is the register of all types of tissues and
cells circulating in the Union and the respec-
tive product codes under the three permitted
coding systems (EUTC, ISBT 128 and Eu-
rocode IBLS).

Acknowledging the existence of product
coding systems already in use in the EU, Directive
2015/565/EC allows the use of ISBT 128 [16] and Eu-
rocode [17] coding systems, and has put in place
bilateral agreements with their managing organi-
sations (i.e. ICCBBA and Eurocode IBLS) to ensure
that updated product codes are regularly made avail-
able and included in the EU Tissue and Cell Product
Compendium.

The EUTC tissue and cell product coding
system was developed by the European Commis-
sion for tissue establishments not using the other
two coding systems. The EUTC covers all types of
tissues and cells along with high-level terminology
and their corresponding product codes. A mapping
of the more detailed ISBT 128 and Eurocode product
codes to the generic EUTC codes is also provided on
the EU Coding Platform. Each tissue and cell product
must be assigned a specific code, which identifies and
describes that product. The information in the SEC
can be decoded by the code-translator application in
the EU Coding Platform to obtain text that describes
the tissues or cells and their origin.

These tools are publicly available and free of
charge. Therefore, the EU tissues and cells product
coding system used by EU member states may also
be used by other countries. Further information on
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the SEC and its application can be found on the Eu-
ropean Commission’s website [11, 12, 13].

15.3. Packaging and labelling

Packaging of tissues and cells has an important
role during all procedures, starting from pro-
curement, through the processing and storage steps,
to distribution and human application. Adequate
packaging minimises the risk of contamination of
tissues and cells, protects the persons involved in
transportation and aids retention of required charac-
teristics and biological functions.

Ensuring the traceability of all tissues and cells
from the donor to the recipient is a responsibility
shared by procurement centres, tissue establishments
(TEs) and organisations responsible for human ap-
plication (ORHAs). All of these participate and
contribute actively to safeguarding, in a continuous
manner, the tracking of the tissues and cells through
from procurement to human application. Accurate
tracking of tissues and cells allows reliable data to be
scientifically assessed for potential risks to the donor,
to the procurement and processing operations, and
to the storage, transport and clinical use of donated
material. Traceability is addressed in depth in
Chapter 16. An essential aspect of ensuring accurate
traceability is clear and complete labelling of tissues
and cells at all stages. The system of identification for
donors and recipients must be aligned with the pack-
aging and labelling system of tissues and cells in such
a way that a connection between tissues and cells, the
source and the recipients exists at all times.

Labels must be attached to packaging that
has been validated to demonstrate that it maintains
the required properties of the tissues and cells and
ensures integrity. This part of the chapter addresses
good practice in packaging and labelling at all stages
from donation to implantation.

1531.  General concepts

Packaging and labelling operations must be
considered an integral part of the activities of pro-
curement organisations and TEs. They must be in-
cluded in the training of personnel and specified in
all relevant procedures. Although this chapter estab-
lishes specific recommendations for packaging and
labelling for the procurement and processing phases,
they should equally apply to intermediate phases,
such as in-process steps, in which all materials, con-
tainers, equipment and tissues and cells must be ade-
quately identified at all times. In addition, tissues and
cells procured or processed for research purposes
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should be clearly identified as such on their packages
and labels (e.g. ‘FOR RESEARCH USE ONLY Or ‘NOT FOR
CLINICAL USE’).

There should be written procedures describing
the receipt, identification, quarantine, sampling, ex-
amination, testing and release of packaging and la-
belling materials, as well as the handling of such
materials.

Premises and procedures for the packaging
and labelling of tissues and cells must be designed
to prevent cross-contamination or mix-ups. Simul-
taneous operations should be avoided or, where un-
avoidable, adequate additional safeguards should be
put in place.

Primary packaging and labelling of tissues or
cells must be done in an environment specified in
standard operating procedures (SOPs).

For EU member states, the requirements for
packaging and labelling of tissues and cells are de-
tailed in Annex IV of Directive 2006/17/EC, Annex I1
of Directive 2006/86/EC and Directive 2015/565/EC.

153.2. Packaging of tissues and cells

Packaging includes all operations, including
primary and secondary packaging, which procured
or processed tissues and cells have undergone from
the start, during processing or as final packaging.
Packaging aims to protect tissues and cells, and to
present them to the operator (in initial or in-process
packaging) or to the clinical end user (in final pack-
aging) in a suitable manner. The type of substance of
human origin and its intended use will determine the
requirements needed to carry out a packaging opera-
tion in a safe manner.

Special consideration must be given to the
primary packaging that will be in direct contact
with tissues and cells. Containers intended to be
used as primary packaging should be submitted to
visual inspection before use and, if single-use con-
tainers are unavailable, the need for applying an
adequate cleaning process should be assessed along
with suitable sterilisation methods such as irradia-
tion or autoclaving of materials and containers. If the
cells/tissues are stored in liquid nitrogen, they must
be double-bagged to prevent cross-contamination
during storage [18] or stored in validated high-secu-
rity packaging especially designed for liquid nitrogen
(see Chapter 10, $§10.1.4). The packaging materials
should be stored in a clean area. In this case, the ma-
terials and the conditions under which packaging
takes place must be carefully specified, assessed and
approved before use. Processing facilities must estab-
lish and document validated packaging protocols.

Storage containers must be appropriate for the
type of tissue or cells, the temperature and method
of storage, and the intended application. They must
withstand sterilisation (where this is to be applied),
not produce toxic residues during storage and be ade-
quately robust to remain intact when handled during
transport. Each tissue or cell container must be ex-
amined visually for damage or evidence of contami-
nation before distribution for clinical use and by the
end user.

153.3. Labelling of tissues and cells

Written procedures must be established and
followed to ensure correct labelling. Each labelling
phase for all tissues or cells must be documented.
Tissues and cells must be labelled during all phases
of procurement, processing, storage and distribution.
Labelling must be clear, legible, indelible and unique.

Before labelling a unit of donated or processed
tissues and cells, the container must be inspected for
evidence of impurities, defects, broken seals or con-
tamination that could compromise the quality, integ-
rity or safety of the product.

Labels attached to the containers should
identify and describe the contents. The description
should characterise the tissues and cells, and reflect
key aspects of their maintenance and use. Standard
nomenclature and standard international units of
measurement must be used to describe the tissues
and cells, and the processing they have undergone
(see $15.2 on coding).

Identification should provide information on
traceability that links the tissues and cells to the
tissue establishment of origin and, ultimately, the
donor. When tissues or cells are to be distributed
internationally, language barriers should be consid-
ered, and information translated or coded to ensure
understanding.

For autologous or directed donations, the
name or identifier of the intended recipient must be
included in the label. Further guidance on tracea-
bility is provided in Chapter 16.

The production of labels must be controlled.
When applicable, reconciliation of labels that have
been edited, used or returned/rejected must be un-
dertaken according to written procedures. All excess
labels containing quality or traceability information
must be destroyed or maintained in a secure manner,
when necessary, to prevent mix-ups. Obsolete,
unused labels must be destroyed according to written
procedures.

It is highly recommended to undertake label-
ling and packaging simultaneously, in a continuous
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process, to reduce the risk of mix-ups or cross-con-
tamination. Before application to the container,
printed labels must be carefully examined to ensure
that the information they contain conforms to the
corresponding tissues or cells. The results of this ex-
amination should be documented at identified crit-
ical stages. Labels must be designed to adhere firmly
to the container under all anticipated storage and
transport conditions. The label applied must not be
removed, altered or obscured. A sufficient area of the
container must remain uncovered to permit inspec-
tion of the contents, whenever possible.

Where additional labels are applied to pack-
aging, an automated verification step to ensure the
correct match between container label and package
label is recommended.

For processing of batches that include large
numbers of individual final units, a representative
printed label should be included in the processing
batch record.

In the European Union, the requirements for
final labelling of tissues and cells for distribution
are detailed in Annex ILE of Directive 2006/86/EC.
Following the adoption of Directive 2015/565/EC, the
label also needs to include the SEC and, for imported
tissues and cells, the country of procurement and the
exporting country (if different from the procurement
country).

15.4. Sample and documentation
labelling

1] key cell and tissue samples for testing or ar-

chiving and all related documents must be la-
belled in a legible, indelible and unique manner that
ensures traceability to the donor and the associated
donations. A record of the time and place the sample
was taken must be included on the label or in accom-
panying documentation.

Management of packaging

and labelling materials

Selected packaging material must be able to with-
stand the storage temperature (ambient temper-
ature, refrigeration, freezing, cryopreservation) and
the sterilisation procedure (if this is to be applied)
that are needed to preserve the required characteris-
tics of the tissues or cells and, if applicable, biological
function. Additionally, the shipping container must
be able to maintain this environment for an appro-
priate amount of time during transport. Primary
packaging and transport containers used for tissues
and cells should be validated for this purpose, and
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they must be suitable for use with human materials
(see Chapter 2). Selection of packaging, or a combi-
nation of packaging systems, should result in a sealed
environment that prevents leaks.

As a general rule, labels should be machine-
printed for clarity. They should be printed with ink
that does not run or otherwise become unreadable
when exposed to water or other liquids. Labels must
maintain integrity and remain attached to primary
packages and transport containers at the storage
temperatures.

All printed labels for primary packaging, sec-
ondary packaging and for documentation intended
to accompany the tissue or cell product should be
stored in access-controlled areas.

Management of packaging and labelling mate-
rials must include the following elements:

a. there must be written specifications for all
packages and labels used for tissues and cells;

b. there must be documented procedures de-
scribing the receipt, identification, quarantine,
sampling, examination, testing, release and
handling of both packaging and labelling ma-
terials;

c. aversion control system should be in place to
guarantee use of the current approved version.
If a change of version occurs with regard to
labels, inserts or packages, the actions needed
to ensure that only the latest version is attached
to the tissue or cells should be described in a
written manner;

d. the suitability of packaging material, con-
tainers and labels for their intended purpose
must be documented.

15.6. Packaging and labelling for
procurement operations
15.61.  Primary packaging and labelling for

procurement operations

‘Primary packaging’ refers to the materials that
will come into direct contact with the tissues and
cells and are, therefore, considered to be ‘critical’. The
selected materials should not leach harmful chemi-
cals, they should be capable of being sterilised by a
safe method (if required) and they should be sealable,
leakproof and traceable.

After procurement, all tissues and cells must be
packaged in a manner that minimises the risk of con-
tamination and must be stored at temperatures that
preserve the required characteristics and biological
functions of the tissues and cells.

Packaging must also prevent contamination
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Table 15.2. Labelling of the primary container

Minimum requirements

As a minimum, the primary container must include a unique donation identification number or code. The information listed in
this table in bold print must be included on the label if space permits or, if there is insufficient space on the primary container
label, the information must be included in a separate sheet accompanying the primary container. Information listed in normal
print must be included either on the label or in accompanying documentation, which must include the unique donation iden-
tification number or code specified on the primary container.

Labelling of procured tissues and cells

« unique donation number or code

+ type of tissues or cells

- date (and, where possible, time) of procurement
- identification of the procurement organisation

Any accompanying tissue or blood samples for testing must be accurately labelled to ensure identification with the donor and
must include a record of the time and place the specimens were taken.

Labelling of tissues and cells from a tissue establishment released for circulation to another operator for further
processing

+ unique donation number or code and, for tissue establishments in the EU, the donation identification sequence (DIS)
from the Single European Code (SEC). For tissues or cells imported from outside the EU, the DIS must be applied by the
tissue establishment responsible for import.

- identification of the originating tissue establishment

+ type of tissues or cells

« expiry date and, where relevant, time (in UTC if the tissues or cells are to be shipped to another time zone). If an expiry
date has not been defined, the expiry date must be recorded in the SEC as ‘00000000’

« date of circulation (in accompanying documentation to avoid having to re-label the primary container)

+ biological tests/assessments carried out on the donor and the results

- presence of potential harmful residues (e.g. antibiotics, ethylene oxide)

Final labelling of tissues and cells released for distribution to an organisation responsible for human application

« unique donation number or code and, for tissue establishments in the EU, the SEC; for tissues or cells imported from
outside the EU, the SEC must be applied by the tissue establishment responsible for import

- types of tissues or cells and lot or batch number where applicable

- expiry date and, where relevant, time (in UTC if the tissues or cells are to be shipped to another time zone); if an expiry
date has not been defined, the expiry date must be recorded in the SEC as ‘00000000’

- description (definition) and, if relevant, dimensions/volume of the tissue or cell product

- date of distribution (in accompanying documentation to avoid having to re-label the primary container)

+ biological tests/assessments carried out on the donor and the results

- presence of potential harmful residues (e.g. antibiotics, ethylene oxide)

- morphological and functional data, where relevant

+ biological investigations carried out on the donor and the results

- astatement limiting use of the tissues or cells to specific health professionals

« astatement, as applicable, that the tissues or cells may not be sterilised or re-sterilised

« astatement that it is the responsibility of the organisation responsible for human application to maintain the tissues or
cells according to specified storage conditions and to follow instructions for opening the container, package and, where
relevant, any required manipulation/reconstruction

+ instructions for reporting serious adverse reactions and/or events

Information to be included on all labels

- for autologous donations, the label must state ‘FOR AUTOLOGOUS USE ONLY’

+ for directed donations, the label must identify the intended recipient

+ when tissues or cells are from a donor known to be positive for a relevant infectious disease marker, the warning ‘BIO-
LOGICAL HAZARD' must be included

-+ forimported tissues or cells, the country of procurement and, if different from the country of procurement, the exporting
country

- nature of additives (if used)

- storage conditions required to maintain the quality and safety of the tissues or cells

« instructions for opening the container, package and, where relevant, any required manipulation/reconstitution

- expiry date after opening/manipulation

through exposure to those persons responsible for
handling and transportation of the tissues and cells.
Procured tissue must be inspected and recog-
nised appropriately before packaging and labelling
to avoid mix-ups. Each tissue must be packed sep-
arately in sterile packaging as soon as possible after
recovery. Double or triple wrapping may be neces-

sary, depending on the tissue-specific requirements.
Musculoskeletal tissues and skin may be packed in
sterile, transparent polymer foil (though additional
cotton wrapping can be used) or in containers with
or without transport medium. Corneas must be
placed in sterile transparent containers with medium,
whereas heart-for-heart valves, amniotic membrane,
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skin, or cartilage for cell cultures must be packed in
sterile containers with transport medium. Whole
eyes must be stored separately in moist chambers.
Composition of the transport medium for a particular
type of tissue must maintain the biological properties
of such tissues and may include antibiotics and anti-
mycotics validated by type and concentration.

Procured cell products are mostly packaged in
disposable bags. These bags are also double wrapped
before the product is transported. Reproductive
tissues and cells are mainly packed and transported
in straws or tubes, either in culture medium or
cryopreserved.

A unique identification number or code must
be allocated to the donation and to donated tissues
and cells during procurement, or at the end of the
recovery process, to ensure appropriate identification
of the donor and traceability of all donated material.

The minimum information that should be
present in a primary label is described in Table 15.2.
If any of the information listed in Table 15.2 cannot
be included on the primary package label, it must be
provided in accompanying documentation inside
the transport container. Small containers, such as
straws, must be labelled at least with a unique iden-
tification number or code (e.g. treatment code, do-
nation number or similar) and this identifier must
be provided on the accompanying documentation.
Table 15.2 lists the required information that should
be provided either on the label or in accompanying
documentation.

Table 15.3. External labelling of the shipping container

15.6.2. Secondary packaging and labelling for

procurement operations

If secondary packaging is used after procure-
ment, it should comply with the same requirements
as those established for primary packaging. If labels
with all the required information are not attached
to the primary packaging they should be attached
to the secondary packaging, which should be closed
and sealed, ensuring that any unique identifica-
tion number on the primary label is present on the
label for the secondary pack and on accompanying
documentation.

Outer container packaging and labelling
for procurement operations

15.6.3.

Packaged tissues and cells must be shipped in a
container that is suitable for the transport of biolog-
ical materials and maintains the safety and quality of
the tissues or cells. Temperature conditions between
recovery and processing must be appropriate for the
type of tissue or cell to preserve the required char-
acteristics and biological functions (i.e. temperature
and duration of transport to the tissue establishment
where the tissue processing will take place). The con-
tainer must be closed fully with a tamper-evident seal
and not opened until the procured tissues or cells are
received by the tissue establishment.

When tissues or cells are shipped from the pro-
curement site to the tissue establishment, the trans-
port container must be labelled with the information
described in Table 15.3.

For transfer of procured tissues or cells from the procurement organisation to a tissue establishment

- identification of the originating procurement organisation, including name, address and telephone number of a contact

person

- identification of the tissue establishment destination, including name, address and telephone number of a contact person

For transfer of tissues or cells from a tissue establishment to another operator for further processing

- identification of the originating tissue establishment, including name, address and telephone number of a contact person
- identification of the other operator destination, including name, address and telephone number of a contact person

For transfer of tissues or cells from a tissue establishment to an organisation responsible for human application

- identification of the originating tissue establishment, including name, address and telephone number of a contact person
- identification of the organisation responsible for human application destination including name, address and telephone

number of a contact person

Information to be included on all shipping labels

+ astatement that the package contains HUMAN TISSUES/CELLS and the warning HANDLE WITH CARE
- where living cells are essential for successful human application, the warning DO NOT IRRADIATE must be added
« when tissues or cells are from a donor known to be positive for a relevant infectious disease marker, the warning BIOLOGI-

CAL HAZARD must be added
- date and time at the start of shipping

« shipping conditions relevant to the quality and safety of the tissues or cells (e.g. DO NOT DELAY, KEEP COOL, KEEP IN UP-

RIGHT POSITION, DO NOT FREEZE)

« when shipping by air, it is mandatory under International Air Transport Association (IATA) regulations that an IATA Time-
and Temperature-sensitive Label is attached to the outside of the shipping container. The lower half of the label must
indicate the permitted external temperature range in degrees Celsius (see §15.9)
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15.6.4. Procurement package insert

It is recommended that the documentation ac-
companying the procured tissues or cells indicates,
where applicable, that they are in a state of ‘quaran-
tine’ to ensure that it is clear that a final review re-
garding their release for distribution and use has not
been completed. See Chapter 7 for full guidance on
the requirements for procurement documentation.

Packaging and labelling of
tissues and cells

Labelling of tissues or cells during intermediate
phases of processing must be applied to all pack-
aging materials and containers to assure identifica-
tion at all times.

15.7.

15.71.  Primary packaging and labelling

Primary packaging and labelling refers to the
materials that will come into direct contact with
tissues and cells, and the requirements in this regard
are described in section 15.6, with a special focus on
the radiation-resistance of packaging material for
tissue that will be sterilised by irradiation. The expiry
date will be determined not only by the properties
of the tissues and cells but also by the integrity and
stability of the packaging and labelling materials,
among other factors.

Packaging and labelling procedures must be
done to prevent cross-contamination or mix-ups.
Simultaneous operations should be avoided or ad-
equate measures should be taken to ensure that no
cross-contamination or mix-ups occur [19].

Facilities where packaging or labelling op-
erations have taken place should be checked before
starting any other operation to guarantee that all pre-
vious materials have been removed.

Printed labels must be examined carefully to
ensure that the information contained conforms to
the corresponding tissues or cells. Results of this ex-
amination should be documented. A printed label,
representative of those used, should be included in
the processing records.

Unused and already printed labels must be de-
stroyed according to written procedures.

The information that needs to be on the primary
package label is detailed in Table 15.2.

If the primary container is too small to host
a label with all the required information (as may be
the case with gametes and embryos), the minimum
information on the primary container needs to be a
unique identification number or code. This unique
identification number or code and the other required

information must be included in an accompanying
document.

The additional information that must be pro-
vided either on the label or in accompanying docu-
mentation is described in Table 15.2.

15.72.  Secondary packaging and labelling

‘Secondary packaging’ and ‘labelling’ refer to
materials that are not intended to come into direct
contact with the tissues and cells. Special consider-
ation must be given when primary and secondary
packaging and labelling are designed to be kept to-
gether until the moment of use. If secondary pack-
aging is not sterile, it should be clarified in the
package instructions that the outside of the primary
package is also not sterile and should not be placed
within the sterile field during clinical application.

15.73.  Outer container packaging and labelling

When tissues or cells are shipped for distribu-
tion, every transport container must be guaranteed
to maintain the conditions needed for the specific
tissue or cell type. Containers must provide adequate
protection against deterioration or contamination of
tissues and cells that may occur during storage and
transportation. Containers should be cleaned before
use to ensure that they are suitable for their intended
use. These containers should not alter the quality,
safety or efficacy of the tissues or cells. Records
should be maintained for each shipment of labels and
packaging materials showing receipt, examination or
testing, and whether accepted or rejected. For trans-
port, the shipping container must be labelled with all
the same information as specified in Table 15.3.

15.7.4. Package insert

A “package insert’ refers to the supplementary
information (associated with tissues and cells) that
cannot be placed on labels. Critical information for
the clinical user must be provided.

15.8. Customs clearance

For clearance of customs, all tissues and cells
crossing borders require a clear description of
the content of the consignment, its destination and
intended use. The paperwork sent with the con-
signment should include the World Customs Or-
ganization Tariff Number for Human Tissue for
Transplantation. It is important that the transport of
frozen or cryopreserved products packed in dry ice or
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stored in a dry-shipper must not be delayed at border
crossings. If the goods are being transported by air,
packages must be labelled with the appropriate In-
ternational Air Transport Association (IATA) codes:
UN1845 for dry ice or UN1977 for liquid nitrogen in
a dry-shipper, and UN3373 for shipment of biological
substances by air [20, 21]. Therefore, it may be expe-
dient for the importer to inform customs of a pro-
spective consignment, and any enquiries by customs
should always be answered promptly (see Chapter 11).
For tissue or cell transport, the agreement with the
shipping tissue establishment should define respon-
sibilities for meeting the cost of transport and storage
under appropriate conditions at a receiving facility
for any items that may be detained pending customs
enquiries.
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Chapter 16. Traceability

16.1.  Introduction

linical application of tissues and cells brings great

benefits for patients. There are, however, rare (but
important) risks associated with such clinical use, in-
cluding graft/application failure, donor-transmitted
infections, malignancies and genetic conditions.
The concept of traceability is the means of linking a
donor with recipients, or with offspring born through
medically assisted reproduction (MAR), and with all
information about the transferred tissues and cells
from donation to clinical outcome and follow-up.

Traceability means the ability to locate and
identify the tissue/cell during any step from pro-
curement, through processing, testing and storage,
to distribution to the recipient or disposal, which
also implies the ability to identify the donor and the
tissue establishment (TE) receiving, processing or
storing the tissue/cells, and the ability to identify the
clinicians at the medical facility applying the tissue/
cells to the recipient(s). Traceability also covers the
ability to locate and identify all relevant data relating
to products and materials coming into contact with
those tissues/cells [1].

The increased transportation of grafts across
national boundaries has made traceability difficult
and sometimes impossible [1]. It is therefore essential
to facilitate rapid action to prevent harm when links
in the safety and quality chain are found to have been
compromised. Apart from quality and safety, tracea-
bility is also crucial for ethical reasons, as it allows le-
gitimate donation with proper consent to be verified
for every tissue or cell product.

193

The system of traceability is inseparable from,
and in practice dependent on, the coding system (see
Chapter 15). Effective traceability and biovigilance
in the global context depend on the use of globally
unique identification for all donated biologic prod-
ucts [2].

The need to comply with traceability require-
ments should not compromise the need to guar-
antee anonymity between donor and recipient (or
newborn), depending on the type of donation and the
national legislation enforced. Records must be kept
by the entities involved in the donation, procurement,
processing, storage, distribution and application of
tissues and cells to ensure compliance with safety re-
quirements, but records should never allow the dis-
closure of confidential information to unauthorised
persons.

Human error, equipment failure or other
adverse events that cannot be predicted may affect
quality, safety or effective use of tissues and cells at
any stage, potentially increasing the risk to recipients
and offspring. In the case of deceased donors, pro-
curement teams are provided with a medical history
at short notice, and additional information about the
donor at a later stage may have implications for the
safety and quality of tissues procured from those
donors. Use of defective equipment, poor-quality
consumables, contaminated solutions or defective
testing kits may only come to light after the tissues
and cells have been processed and transplanted. This
means that traceability, from donation through to
end use, is essential to determine which tissues or
cells could potentially be affected by additional infor-
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Figure 16.1. Example of traceability system in medically assisted reproduction
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Source: ESHRE revised guidelines for good practices in IVF laboratories (2015) [4].

mation or adverse incidents. For MAR, traceability
does not stop when the tissues and cells reach the
recipient. The health of the children born as a result
of MAR treatment must be followed up, so that data
on follow-up of pregnancies and children’s health are
included in the chain of traceability.

TEs play a special role in assuring traceability,
collecting the data that guarantee the ability to locate
and recall tissues and cells or inform the applying
clinicians and recipients, once the establishment
becomes aware of information that may have implica-
tions for their quality and safety. TEs are responsible
for communication with other entities, such as organ
transplant units, and with other TEs (including MAR
centres) involved in the procurement/collection or
processing of additional tissues and cells, or cells
from shared donors.

The time interval between detecting a risk to the
quality and safety of tissues and cells and preventing
them from being used in patients has been referred to

as the ‘traceability window period’ [3]. Recalls can be
due to inappropriate evaluation of donors, positive se-
rology tests in the donor, contamination of tissues or
cells, infection in recipients of other tissues donated
by an individual donor and other risks introduced
during the processing or storage of tissues or cells.
The increasing global circulation of tissues and cells
for clinical use, the fact that several tissue products
can originate from one donor who may also donate
organs, or that many children may be born from
one sperm donor, and the existence of international
markets for equipment, consumables and additives
all add to the need for robust systems of traceability.
Records and procedures required to maintain
traceability must be kept long after the clinical use
of products (see $16.2.f), allowing personnel to track
and trace all steps associated with the tissues and
cells long after their clinical application, making ade-
quate biovigilance and follow-up procedures possible.
Traceability underpins biovigilance (see Chapter 17).
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Within each TE, investigation of adverse events and
adverse reactions, and of deviations from standard
procedures, can be carried out only if a system of
traceability is in place. Many establishments share
practices and standards, and effective investigations
can help to improve them. Hence, in addition to bio-
vigilance, ongoing quality improvement - of pro-
cedures relating to procurement, processing, donor
testing, storage and distribution of tissues and cells
— also benefits from good systems of traceability.
Traceability requirements are often defined in
legal obligations and may include the ability to report
the precise number of units and recipients, for use as
denominator data in the evaluation of adverse occur-
rence frequency at national and international level.
Traceability must encompass all the data associated
with the final destination of tissues and cells distrib-
uted by third parties, including records of the final
distribution and application of imported and/or ex-
ported units (see Figure 16.1 for an example of trace-
ability through unique identification and coding).

16.2. How traceability works

Traceability is the ‘thread’ that joins all the
pieces of critical information together, from the
moment that a potential donor is identified until the
moment when the tissues or cells are applied to the
recipient or discarded. This means traceability is
a concept allowing: (i) tracing of procedures when
donors and/or recipients show any adverse reaction
that could be linked with procurement of the tissues
and cells and/or the quality of the tissues or cells dis-
tributed, respectively (see Chapter 6); (ii) tracking the
fate of recipients; (iii) tracking follow-up of the health
of MAR children; (iv) tracking those units associated
with incidents detected after distribution or clinical
application; and (v) tracing the tissues and cells avail-
able to be re-tested if new risks become evident after
release, e.g. from procurement, processing, testing,
handling, storage or transport.

TEs must ensure that data protection and
confidentiality measures are in place, in accordance
with the national and European data protection laws.
Many organ donors are also tissue and cell donors,
so it is important that effective links are in place
between organ-procurement organisations and TEs.

The following are the key requirements of an
effective traceability system:

a. Unique identification
At each stage in the pathway, from donor to re-
cipient or child conceived as a result of MAR
treatment, each TE must have records of the
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donor, the donation and the donation samples,
and must ensure that they are identified and
labelled uniquely within their own organisa-
tion. While uniqueness can be ensured without
difficulty within one organisation, the risks of
duplication are increased when tissues, cells,
samples or records move from one organisa-
tion to another. For example, duplicate iden-
tifiers may result when samples are sent to a
testing laboratory or when tissues or cells are
sent to a hospital because each receiving estab-
lishment may assign its own identifier. This risk
can be eliminated if a global standard is used
to identify samples or tissue products. Within
the European Union (EU), the Single European
Code (SEC) will help to address this need (see
Chapter 15). The SEC allows, within its struc-
ture, incorporation of the international coding
systems ISBT 128 and Eurocode.

Double witnessing protocols

The implementation of specific policies, such as
double-checking protocols, is receiving more
and more interest. Because manual witnessing
is associated with human errors due to the oc-
currence of conscious automaticity, involun-
tary automaticity, ambiguous accountability
and stress, different models for witnessing the
identification of samples and patients have been
proposed, such us barcoding or radiofrequency
[5]. Risk assessment of all steps in all processes
should be performed to identify where double
witnessing is needed.

Safe transfer of critical information

The traceability trail depends on the accurate
transcription of critical identification infor-
mation. Manual transcription errors can cause
disruption of the traceability trail. Use of a
qualified electronic transfer system for crit-
ical information (bar codes or other machine-
readable codes) is recommended. If manual
transcription is used, double checking of data
should be implemented. Electronic storage of
data — in well-protected databases for easy and
quick access by authorised personnel - is pre-
ferred to paper-based information collections.

Timeliness

If a risk is identified, it should be possible to
rapidly trace all implicated products or all po-
tentially affected recipients and children con-
ceived through MAR. A delay could result in
harm to patients or children conceived through
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MAR. Systems need to be quickly accessible,
with efficient links between organisations to
reduce the ‘traceability window period’.

e. Clarity of responsibilities at interfaces between

organisations

To guarantee traceability, TEs should distribute
tissues and cells to other TEs, to organisations
responsible for human application (ORHAs)
or to healthcare professionals who have re-
sponsibility for clinical application (and not
directly to recipients). It is essential that each
organisation in the chain clearly understands
its responsibilities for traceability. It is notable
that, in the published high-profile cases of viral
transmission during transplantation, hospitals
were often not able to trace all recipients [6].
Maintaining traceability is one of the key legal
and technical responsibilities of an ORHA
(see Chapter 13). TEs must define responsibil-
ities and procedures prior to the distribution
of tissues, cells, gametes or embryos to those
organisations.

f. Long-term storage of secure records

For effective reviews, traceability data need to
be maintained for long periods of time; there-
fore secure premises equipped with adequate
protection systems are necessary. For example,
in the EU, all information related to tracea-
bility must be maintained for 30 years after ap-
plication or the expiry date of the tissues and
cells. Data that are critical to the safety and
quality of tissues and cells, including records of
equipment used and materials such as consum-
ables coming into contact with those tissues or
cells, should be kept so as to ensure access to
the data for at least 10 years after clinical use
of the product, its expiry date or disposal. Or-
ganisations need to consider the impact of the
obsolescence of technology and ensure that
records remain quickly accessible. There is a
need for regular management review of data
storage, with a proactive approach to prevent
obsolescence.

g. Traceability provisions
The location of traceability records may change
when organisations are closed or merged, or if
they cease activities relating to donor selection,
donor testing, procurement, processing, distri-
bution or transplantation. In such cases, there
should be an effective link between the new
location of the data and the previous location,

and provision must be made to prevent loss
of traceability information, for example by
signing contracts with other TEs for taking
care of these data in critical situations.

h. Traceability audits
Organisations should include audits of trace-
ability from donor to recipient and vice versa
as part of ongoing quality management. The
traceability trail may encompass data stored in
several organisations.

The EU definition of traceability is provided in
the Glossary (Appendix 3) of this Guide.

16.3. Which records must be
traceable?

1l records must be legible and indelible, protected
from wunauthorised amendments, stored se-
curely and readily retrievable. Establishments should
conduct regular audits of records to ensure that they
are accurate and comprehensive. Good practice re-
quires that there is trail of amendments to written
and digital records and that these are authenticated
and dated. Computer records should be maintained
in a validated system (see Chapter14) and there
must be procedures to back up electronic records to
prevent loss, corruption and unauthorised access or
amendment. Records must be shown to be reliable
and a true representation of the events. Records may
be handwritten or transferred to another qualified
system, such as a computer or microfilm. Records
should be maintained of critical equipment and con-
sumables, including the lot numbers and expiry dates
of additives, cryoprotectants and packaging materials
used during procurement and processing. The TE
must also retain temperature records, analyser print-
outs and relevant environmental monitoring records
for viable and non-viable particles. If tissues and cells
have been imported, it is important that TEs ensure
that the traceability chain is retained and that the
records for traceability (see §16.3) are accessible.
There must be a system of record keeping for
all activities associated with tissues and cells. These
robust systems must ensure secure identification of:
a. the donor and all records associated with the
donor and their medical and behavioural
history,
b. the donation (tissues or cells procured/col-
lected from the donor),
c. all records associated with processing, storage
and distribution of the final products, and
related events,
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d.

16.3.1.

all samples taken from the donor or from the
tissues/cells for the purposes of testing for
quality and safety,

the clinical application and recipient(s) of the
tissues or cells,

the health of the resulting child(ren) and any
adverse data on pregnancies (for MAR treat-
ment).

Records of identification, donor tests
and clinical evaluation of the donor

Besides the information defined in Chapter 5 -

Donor evaluation, TEs must keep in their records at
least the following data:

a.

b.

S

NI

donor identity,

age, sex, medical and behavioural history of
the donor,

outcome of clinical and physical examinations
for the donors,

completed haemodilution algorithm (where
applicable),

consent/authorisation form,

relevant clinical data, laboratory test results
and the results of any other tests carried out,
for deceased donors, results of the autopsy (if
carried out) or preliminary verbal report,

for haematopoietic progenitor cell (HPC)
donors, the donor’s suitability for the chosen
recipient (see Table 16.1 for an example),

for unrelated HPC donations, where the organ-
isation responsible for procurement has limited
access to recipient data, the ORHA or the phy-

sician should be provided with the relevant
donor data to confirm suitability.

In addition, the donor testing records must

be accessible at the laboratory (in-house or at a con-
tracted laboratory) and contain at least:

a.
b.

date and time donor blood samples were taken,
date of receipt of the blood sample at the testing
facility,

record of each test kit used to test donor blood
sample (i.e. manufacturer, lot number, expiry
date),

results of donor testing, including repeat
testing (if applicable).

Accessibility authorisations and the responsi-

bilities associated with record keeping and reporting,
of both TEs and testing laboratories, should be prop-
erly defined through a technical and legal written
agreement (for technical agreements with testing
laboratories, see §6.4).

16.3.2.

Records of procurement of tissues and
cells

Besides the information defined in Chapter 7

- Procurement, the organisation undertaking pro-
curement must produce procurement reports and
provide them to the TE. The procurement report
must contain at least:

a.

b.

the identification data of the TE receiving the
tissues or cells,
donor identification data (including how and

Table 16.1. Traceability of unrelated haematopoietic progenitor cells (HPC) donor and recipient data

Donor centre  National WMDA Collection Tissue Transplant
registry centre establishment centre patient
Activities Consent Listing Listing HPC collection  Product label-  Infusion
Testing Donor and pa- ling, processing Patient
Donor tient follow-up and release follow-up
follow-up
Donor data* ID code ID code ID code only ID code ID code ID code only
Identity Identity of Na- Identity Product code
tional Registry (e.g. SEQ)
donors only
Patient data* ID code ID code ID code ID code ID code ID code
Identity Identity Identity Identity Identity

WMDA: World Marrow Donor Association.
The identity and privacy of all patients and donors are protected throughout the process of HPC donation and transplantation
(identity =name).
*Donor/patient data: anonymous contact between patient and donor is allowed post-transplantation only through registry.
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16.3.3.

by whom the donor was identified) and records
of testing of the donor,

description and identification of procured
tissues and cells (including samples for testing),
identification of the person who was respon-
sible for the procurement session, including
his/her written or digital authentication,

date, time (start and end, if relevant) and lo-
cation of the procurement and standard oper-
ating procedure used,

description of the physical area where procure-
ment took place, including environmental con-
ditions at the procurement site (where relevant),
for deceased donors, storage conditions of the
deceased donor, i.e. refrigerated (or not) and
time of start and end of refrigeration,
manufacturers and lot numbers of reagents
and transport solutions used,

any incidents that occurred during procure-
ment,

equipment used during procurement.

Records of processing of tissues and cells

Besides the information defined in Chapter 9

- Processing, Chapter 10 — Storage and Chapter 12 —
Release, distribution and import/export, the organi-
sation undertaking processing must keep at least the
following records:

a.

tissues and cells received and evaluation of
their suitability,

standard operating procedures used to process
the tissues and cells,

equipment used during processing with full
maintenance records,

records of consumables used during processing
(manufacturer, lot number, storage conditions
of consumables - if appropriate — and expiry
date),

records of sterilisation or decontamination, if
applicable,

records of cryopreservation and freezing pro-
tocols, if applicable,

records of environmental monitoring (temper-
ature monitoring, microbial monitoring and
particle counts as appropriate),

records of product testing, including microbial
testing,

any incidents that occurred during processing.

16.3.4.

Records of storage and distribution of
tissues and cells

Besides the information defined in Chapter 12

- Release, distribution and import/export, organi-
sations undertaking storage of tissues or cells must
keep at least the following records:

a.

o

storage location and a transfer record if storage
locations change,

date placed in storage,

date removed from storage,

records of storage temperature including
details of nitrogen storage (e.g. vapour phase
above liquid nitrogen),

any incidents that occurred during storage.

In addition, when the tissues or cells are trans-

ported or distributed to hospitals or clinics for appli-
cation, TEs must keep the following records:

a.
b.

16.3.5.

name of party responsible for distribution,
identification of the establishment, courier or
individual who transported the tissues and
cells at any stage between procurement and
end use (clinical application),

packaging records (e.g. records of the dry-
shipper used),

time and date of distribution of tissues and
cells,

time and date of delivery of tissues and cells,
identification of the receiving establishment,
clinician or ORHA,

any incidents that occurred during distribu-
tion.

Records of clinical application of tissues
and cells

Besides the information defined in Chapter 13,

the ORHA must keep at least the following records:

a.
b.
C.
d.
e.
f
g

h.

identification of the supplier TE,

identification of the clinician or ORHA,
type(s) of tissues and cells,

product identification,

identification of the recipient,

date of clinical application,

any incidents that occurred during clinical ap-
plication,

any adverse reactions or adverse events in the
recipient,

health outcomes of children born following
MAR.

Systems must be in place to assure the follow-

up of tissue and/or cell recipients and children con-
ceived after MAR treatment. Such follow-up can be
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16. TRACEABILITY

achieved only if a close working relationship exists
between all stakeholders: that is, the TE, ORHA,
MAR centre and parent(s) involved.

Some national standards require the ORHA to
provide the supplying TE with details of the patient
to whom the tissues or cells were clinically applied.
Whether this information is sent to the TE or not, it
is essential that the end user maintains these records
and keeps the chain of traceability intact from the be-
ginning to the very end.
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Chapter 17. Biovigilance

17.1.  Introduction

his chapter provides general guidance on the

implementation of good vigilance and surveil-
lance (V&S) practice by all those involved in the
process from donation through banking to clinical
use, which includes medically assisted reproduction
(MAR), assisted reproductive technology (ART) and
haematopoietic progenitor cells (HPC), including
regulators and Health Authorities. The tissue- and
cell-specific chapters in Part B provide additional
specific guidance on vigilance in those fields; in par-
ticular, Chapter 29 and Chapter 30 detail, respec-
tively, several specificities within MAR and fertility
preservation vigilance.

In a tissue establishment (TE), the quality
management system focuses on preventing errors
and maintaining a consistent standard of agreed
specification for tissues and cells released for clinical
application. However, residual or unexpected risks
or procedural errors occasionally result in failures,
disease transmissions or situations in which donors
or patients are exposed to risk, even if not harmed.
A programme of V&S is essential for ensuring the
quality and safety of tissues and cells for human
application. Reporting of these incidents presents
important learning opportunities that can help all
procurement organisations, TEs, cell therapy, MAR
facilities and clinical users (not only those involved
in the incident/problem in question) to improve their
processes and to achieve higher standards of safety
and quality at all levels: from TEs to donors and re-
cipients [1, 2].

174, Biovigilance phases

Biovigilance is the systematic monitoring of
serious adverse reactions and events (SAREs) from
the selection of the donor to the follow-up of the re-
cipient, with the objective of making the application
of different substances of human origin (SoHO) safer
and more effective. There are several stages (phases)
in a biovigilance system:

a. Detection. The first stage is to detect a biovigi-
lance case that could be described as an adverse
event or reaction. Depending on the case and
the system in place at national level, the fol-
lowing steps can be done in parallel. Each case
should be collected.

b. Reporting/notification. After detecting the
case, it must be reported or notified to the
Health Authority even if the investigation is
not concluded. If there is a suspicion that other
centres, TEs, suppliers, donors, recipients or
children in MAR could be affected or involved,
they have to be alerted rapidly by the TE or by
the Health Authority to prevent further com-
plications.

c. Investigation/evaluation. Every single case (at
least every serious case) must be investigated
and evaluated by the TE and Health Authority,
with the collaboration of all parties involved
and also a group of relevant multidisciplinary
professionals with experience in infectious and
malignant or genetic diseases, quality control
and quality management, as well as profes-
sionals with experience in the use of the tissue
involved in the case.
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d. Management. During the investigation or once
the investigation is finished, it is important to
decide how its findings should be managed, de-
pending upon what kinds of actions have been
decided on. Occasionally, an SAE (Serious
Adverse Event, e.g. discovery of an infectious
diseases marker as positive or a tumour found
after tissues or cells were used) does not inflict
immediate harm on the recipient, but requires
follow-up during a specified period of time to
detect if the recipient develops any problem
related to the SAE (for example, seroconver-
sion). The period of time should be established
between TE and clinicians, taking into account
the SAE (tumoral, infectious etc.) and ac-
cording to the data recorded when the patient
developed signs or symptoms. In that case,
what was at the beginning defined as an SAE
is converted later to an SAR (Serious Adverse
Reaction).

e. Closing the notification/report. Finally, the
case will be closed and the final report must
include both corrective and preventive meas-
ures and therapeutic measures if applicable.
This final report should detail how to act on
similar occasions in the future in order to
prevent the recurrence of the SARE. It is worth
noting that learning is an important benefit
derived from biovigilance, and feedback to all
involved parties should be given.

17.2. Definitions

1722.  Adverse events
An adverse occurrence can be classified into
‘adverse events’ (AEs), which are process failures
that might expose a recipient or living donor to risk
or to a loss of any irreplaceable autologous tissues
or cells or to a loss of any highly matched allogeneic
tissues or cells, and ‘adverse reactions’ (ARs), which
are adverse outcomes that have indeed occurred with
harm to a donor, a recipient or a child born through
MAR procedures. An adverse event may or may not
cause an adverse reaction. Similarly, an adverse re-
action may or may not be related to an adverse event.
According to European Union (EU) defini-
tions, a ‘serious adverse event’ (SAE) in the present
context is any untoward occurrence associated with
the procurement (including donor selection), testing,
processing, storage and distribution of tissues and
cells that might lead to the transmission of a com-
municable disease, to a life-threatening, disabling or
incapacitating condition for the patient or that might

result in prolonged hospitalisation, morbidity or
death. In MAR, the unintended mix-up of gametes or
embryos is considered an SAE.

Although adverse events may occur at all
stages from donor selection to distribution of tissues
and cells, many of them are not severe and may be
managed through the quality management system
(QMS) of the TE. Conversely, SAREs are rare. There-
fore, there are significant benefits associated with
consolidating V&S data on regional, national or in-
ternational scales and on an integrated system for the
various substances of human origin (SoHO), because
all such substances are exposed to risks from do-
nation to transplantation (from breaches of ethical,
legal and safety standards).

17.2.2.  Adverse reactions

A ‘serious adverse reaction’ (SAR) is an un-
intended response, including a communicable disease,
in the donor or in the recipient, associated with the
procurement or human application of tissues and
cells that is fatal, life-threatening, disabling or inca-
pacitating, or which results in, or prolongs hospitali-
sation or results in morbidity.

The follow-up of living donors after donation
should ensure that, if a condition not known at the
time of donation occurs to the donor that may have
an impact on the recipient, it is clearly identified. In
such cases there should be a documented procedure
to notify the recipient’s physician of this condition.
This is not necessarily an adverse event. Conversely,
when the recipient’s physician detects an impact on
the recipient, this must be reported to the TE. The
same also applies to the potential long-term influence
of any treatment provided for the procurement (e.g.
mobilisation with cytokines or hormonal stimula-
tion), in which case pharmacovigilance should also
be involved.

In summary, an adverse reaction is an incident
whereby a living donor, a recipient or a fetus or child
created through IVF or intra-uterine insemination
using donor gametes has been harmed, whereas an
adverse event is an incident that results in a risk of
harm, although no harm may actually occur. Those
that are classified as ‘serious’ should be notified to
Health Authorities, in accordance with national or
regional requirements.

These definitions are also reflected in the World
Health Organization (WHO) Notify Library for V&S
of medical products of human origin (MPHO) [3].
Adverse occurrence type is categorised in the library
as follows:

a. harm to recipient,
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b. harm to donor,
harm to fetus or offspring,
d. risk of harm.

o

If products containing tissues or cells are
classified as advanced therapy medicinal products
(ATMPs) in the EU, biovigilance is applied in the
first steps of the process (selection of the donor, col-
lection and controls of the collected products) and
pharmacovigilance in the rest of the process (see 17.6
- Vigilance co-ordination).

17.3. Management and quality of
vigilance
1731.  Vigilance

The organisation of the vigilance system, as
well as the role of the various parties involved, should
be defined and broadly communicated within the
TE. Health Authorities are encouraged to draw up
guidelines for vigilance systems, notification forms,
surveillance methods, acceptable risk criteria and ex-
amples of SAREs for tissues and cells that should be
reported to them. Appropriate communication and
co-ordination between procurement organisations,
TEs and organisations responsible for human appli-
cation (ORHAG ) are essential for an efficient vigilance
system. Organisations or bodies involved in activities
based on tissues and cells (including clinical users)
should have standard operating procedures (SOPs) in

Figure 17.1. Categories of biovigilance scenarios

Continuous -

proactive

Routine -
reactive

place that describe how to detect, collect, report, in-
vestigate and communicate notifications for adverse
reactions and events (AREs).

The co-ordinator (officer at local, hospital, re-
gional level etc.) in charge of biovigilance should be
clearly identified in order to receive a notification,
co-ordinate investigations, gather experts from dif-
ferent fields and establish with the experts and the
TE the measures to be implemented. It is recom-
mended that the QMS and V&S systems, both of
which contribute to risk-management policy, should
be co-ordinated at TE level according to guidelines
established by the Health Authority and under the
direct responsibility of the Responsible Person (RP).
Implementation of computerised and integrated
systems for collection and management of ARE data
is encouraged to facilitate the assessment, synthesis
of the data, and preparation and dissemination of
reports.

This chapter focuses on the procedures for
detection, collection, reporting, alert, investigation,
management, evaluation and closure of AREs that
may occur from the time of selection of the donor
until clinical application and follow-up. All AREs and
non-compliances involving any party (clinical users,
donors, patients or third parties) and including those
with minor consequences, should be documented and
reviewed regularly within the QMS of the TE. Each
report or communication should be considered for
classification as an SARE and should be managed as

Surveillance, e.g. for infectious emergency risk -
European Centre for Disease Control (ECDC)

Notification of SARE

Rapid alert, e.g. RATC (rapid alert for tissues and cells)
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such if it meets the criteria described in this chapter.
This allows trends to be monitored and actions to be
taken to continually improve quality and safety.

Three categories of biovigilance scenario can
be described, depending on the type of measures and
the speediness of the actions that can be taken into
consideration: urgent communication, routine noti-
fication and proactive monitoring of possible SARs/
SAE:s (see Figure 17.1). These categories are explained
further in this chapter.

173.2.  Surveillance

The term ‘surveillance’ denotes the follow-up of
organs, cells or tissue recipients or living donors, with
or without SARE, to provide indicators and informa-
tion on stratification of risks. Furthermore, an active
surveillance system should monitor all follow-up, not
only for some specific expected serious reactions or
events. When a surveillance system is implemented,
periodic analyses can show if there is an upward
trend of SAREs, AEs or ARs, more or less system-
atically occurring and expected. These should be re-
ported to the Health Authority, a root cause analysis
should be initiated, and corrective measures should
be implemented.

Routine monitoring of clinical outcomes is
part of the surveillance system. Clinical teams should
set up a system with follow-up on grafts and recipi-
ents post-transplant (e.g. registries), as well as living
donor outcomes, in order to monitor the results and
to identify currently unknown risk factors. This
monitoring should be complemented by an active
surveillance system for well-known adverse reac-
tions. Unfortunately, in the case of tissues, there are
very few transplant registries at European level. One
of those registries is the ECCTR (European Cornea
and Cell Transplantation Registry), which aims to
build a common assessment methodology and es-
tablish an EU web-based registry to assess and verify
the quality and efficacy of corneal transplantation in
ophthalmic surgery [4]. Importantly, registries can
help to identify both known and previously unidenti-
fied long-term effects of cell or tissue transplantation.

In the field of MAR, the European Society of
Human Reproduction and Embryology (ESHRE)
has set up a European IVF Monitoring Programme
(EIM) that, among others, collects data on perinatal
outcomes, risks and complications of MAR treat-
ments. Although they are outside the scope of the
vigilance system, because this focuses only on the
‘undesired and unexpected SAR’, any ‘known ARS’
should be evaluated further in order to exclude their
occurrence being caused by a systematic error (e.g.

incorrect handling of heart-for-heart valves during
procurement).

The expected frequency of these ‘known SARs’
can be defined by the relevant experts or professional
bodies, based on local experience and evidence
based on literature data (e.g. expected rate of arterial
thrombosis after the use of cryopreserved arteries).
When the frequency of these complications increases
in one centre beyond a threshold of pre-defined rates,
a notification of ‘suspected SAR’ must be made to the
Health Authority. The root cause analysis has to be
performed by the local investigation team in order
to determine the reasons for this deviation from
the acceptable rate. This investigation falls within
the framework of the vigilance system, and should
trigger corrective measures and improve the quality
and safety of care to patients. But such surveil-
lance should also identify whether good results are
achieved by risk-avoiding behaviour of an institution
or by true best clinical practice being applied.

When a TE asks clinicians specifically about
the presence of SAR for each tissue or cell implanted,
the number of cases reported is higher than the per-
centage collected by the Health Authority [5, 6]. For
this reason, it is important to reinforce the surveil-
lance and registries, to avoid under-reporting.

The widespread use of active surveillance
systems will be a step-by-step process that still re-
quires healthcare professionals to obtain consensus
views on some important points, including issues
like the definition of serious adverse reactions and
events, as well as the description of their appropriate
monitoring.

1733. Surveillance for new risks

Surveillance programmes should also include
an activity of scanning for new risks that have not
been recognised previously or have not yet occurred.
New risks may be related to new donor selection cri-
teria, new techniques, new medical devices (including
new ancillary products) or new reagents to which
cells or tissues can be exposed during processing, or
new inheritable pathogenic DNA variants that MAR
donors have not been tested for. Newly emerging in-
fectious diseases, for which targeted testing can be
carried out or which might imply the need to exclude
certain donors, represent an example of one type of
new risk. The European Centre for Disease Preven-
tion and Control (ECDC) monitors the epidemiology
of diseases in Europe and publishes a weekly Eurosur-
veillance report that provides useful data to support
the development of donor-selection policy. Moreover,
the ECDC has recently been mandated to initiate risk
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assessments on particular epidemic agents, infec-
tious diseases or new in vitro diagnostic techniques
in the field of tissues and cells. This is what we call the
proactive biovigilance category (surveillance).

17.4. Adverse reactions

dverse reactions must be detected, reported, in-
vestigated and evaluated in terms of:
severity,
imputability,
probability of recurrence or frequency, and
consequences.

Lo &R

Several symptoms or situations can suggest
that an adverse reaction might have occurred in a re-
cipient of tissue or cells and should, therefore, be seen
as ‘triggers’ for an adverse reaction report. Note that,
in certain circumstances, clinicians may knowingly
transplant an infective donation (e.g. Cytomegalo-
virus-positive bone marrow); in such cases, patients
should be informed about the benefits and the ad-
ditional risks using an informed consent, and there
should be specific follow-up. Clinical and biological
monitoring, as well as prophylactic or pre-emptive
treatment, should comply with existing recommen-
dations or regulatory requirements, where they exist.
Below are examples of reportable adverse reactions
(for more information, see the chapters in Part B on
each specific tissue) [with abbreviated descriptions in
square brackets]:

a. suspected harm in living donor related to pro-
curement [Donor harm];

b. unexpected primary infections possibly trans-
ferred from donor to recipient (e.g. viral, bac-
terial, parasitic, fungal, prion) [Infection from
donor];

c. suspected transmitted infection (viral, bacte-
rial, parasitic, fungal, prion) possibly due to
contamination or cross-contamination by an
infectious agent in the procured tissues, cells
or associated materials, between procurement
and their clinical application [Infection from
infected/contaminated tissues and cells] - this
could be during processing (e.g. if the previous
donor processed was infected and the clean-
room was not disinfected) or during storage
(e.g. if the tissues and cells were stored with
only one bag in liquid nitrogen);

d. immunological reactions, including allergic
reactions, graft-versus-host disease, rejection,
haemolytic reactions or other immunological
reactions [Immunology];

e. malignant disease possibly transferred

by the tissues or cells (donor-derived,
process-associated or other) [Malignancy];

f. unexpectedly delayed or absent engraftment,
or graft failure (including mechanical failure)
[Failure];

g toxic effects to tissues and cells or associated
materials [Toxicity];

h. unexpected immunological reactions due to
tissue or cell mismatch [Mismatch];

i. aborted procedure involving unnecessary ex-
posure to risk, e.g. wrong tissue supplied, dis-
covered after patient is anaesthetised and the
surgical procedure has begun [Undue risk];

j. suspected transmission of genetic disease by
transplantation or gamete/embryo donation
[Genetic abnormality];

k. suspected transmission of other
infectious) illness [Other transmission];

I transfusion-associated circulatory overload in

haematopoietic progenitor cell (HPC) trans-

plantation [Volume overload];

neurological reaction [Insult];

severe febrile reaction [Fever];

o. other [Other].

(non-

=

Efficient systems for rapid quarantine or recall
of unsafe tissues or cells must be in place, along with
procedures for look-back where donors or recipients
are found to have been exposed to a risk. Important
learning outcomes from each adverse reaction should
be communicated appropriately to all professionals
involved.

17.41.  Detection of adverse reactions

Effective V&S relies heavily on all health pro-
fessionals involved, from donor selection to clinical
application and follow-up, namely:

a. medical staff (including surgeons) involved in
tissue- and cell-procurement activities who
might become aware or informed of additional
safety information on donors during their
follow-up;

b. staff and personnel carrying out procurement
of tissues and cells;

c. clinical users who should pay attention to
adverse outcomes and be aware when such out-
comes might be associated with the clinical use
of tissues or cells;

d. physicians caring for children born after
non-partner MAR/ART treatment who may
detect a genetic abnormality and, by reporting
it, prevent further distribution of gametes/
embryos from that donor;
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e. any other TE staff involved in any procurement,
processing, tissue distribution or follow-up in-
formation step;

f. other vigilance systems (e.g. haemovigilance,
vigilance of organs, material/device vigilance,
pharmacovigilance) when issues of concern are
detected that might affect the safety of tissues
or cells for transplantation.

Adverse outcomes might result from many
diverse factors associated with the surgical proce-
dure or the patient’s underlying condition. Hence,
clinicians might not consider the tissues or cells
(including MAR) that were applied to be a possible
source of the adverse outcome. TEs that supply tissues
and cells should encourage procurement organisa-
tions and clinical users of tissues and cells to always
consider whether adverse outcomes might have been
associated with the donation process or caused by the
tissues or cells applied (see $17.4.3 — Investigation and
assessment of adverse reactions) so that similar oc-
currences are prevented in the future.

For most types of well-established clinical
application of tissues and cells, detailed reporting
of clinical outcome by the clinical user to the TE is
required only in those exceptional circumstances in
which there is suspicion of an untoward adverse re-
action. However, reporting of the clinical progress of
tissue and cell recipients to the TE might also be re-
quired for all highly matched, life-saving transplants
such as HPC infusions, or when novel tissue or cell
processes have been applied or new types of tissues
or cells are being transplanted. This routine clinical
follow-up is considered as part of surveillance.

An important part of vigilance is detecting do-
nation complications (also considered to be adverse
reactions) in living donors that might be associated
with the donation process in some way. For example,
adverse reactions may be detected after stimula-
tion treatment in living donors and recipients (see
Chapter 24 — Haematopoietic progenitor cells from
bone marrow and peripheral blood and Chapter 29 -
Medically assisted reproduction).

17.4.2.  Serious adverse reactions reporting

17.4.2.1. Clinicians to tissue establishments

TEs that supply tissues and cells should provide
organisations representing clinical users with clear
instructions on how to report adverse reactions, pref-
erably using standardised documentation. In general,
suspected adverse reactions should be reported im-
mediately by the clinical users to the TE that supplied
the tissues or cells before investigation or confirma-

tion of an SAR. This approach allows the TE to take
appropriate precautionary actions to prevent harm
to other patients, if needed, and start the investiga-
tion process. Clinical users should be encouraged
in the surveillance of all types of suspected adverse
reactions (serious and non-serious) which might be
related to the tissues and cells from the supplying TE,
to allow filtering of those considered to be serious
and reportable to an authority at a later stage. Ad-
ministrative barriers for reporting of adverse events
by clinicians should be minimised if possible.

Specifically, in MAR, patients (and, if appro-
priate, partner) undergoing non-partner donations
are important stakeholders when reporting of SARs
is concerned. Clinicians offering treatments that
involve the use of donor gametes or donor embryos
should inform and encourage patients (and, if ap-
propriate, partner) that, if any disease is detected in
their child, they must report back to the MAR/ART
centre. Patients (and, if appropriate, partner) should
be clearly informed of their registration obligations
concerning diseases in children. It is in the interest of
all (future) patients and couples using donor gametes
that SARs in gametes donors are quickly notified in
order to be able to quarantine material from these
specific donors and prevent further spread of a par-
ticular disease or condition. It is imperative to note
that not all diseases in these children are directly
related to the donor. Therefore, a careful risk assess-
ment is needed that takes into account the type of
disease (chromosomal, multifactorial, single-gene
or mitochondrial disorders, communicable and
non-communicable diseases) and the possibility of
(genetic) testing of the child, biological parent and/
or gametes donor, as well as global prevalence and
genetic predisposition. A similar approach applies to
HPC transplantation (see $24.10.2.1.12).

17.4.2.2. Procurement organisations to tissue
establishments

Health professionals and procurement organ-
isations should report adverse reactions in living
donors and organ and tissue recipients to the TE,
even if the adverse reaction is only suspected to be
donation-derived, so that the broader implications for
other centres and donors can be considered without
delay. For this reason, it is important to link all the
different vigilance systems, especially organ and
tissue systems (see $17.6 — Vigilance co-ordination).

17.4.2.3. Reporting to regional/national programmes

TEs must report information on SARs to Health
Authorities (see Figure 17.2 - Reporting flow for
serious adverse events/reactions). In the EU, all SARs
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Figure 17.2. Reporting flow for serious adverse events/reactions

NOTE: direct reporting from clinical users or PO
to the Health Authorities should also be allowed.

‘ NATIONAL HA

.TE

«When it receives an SAR/SAE
notilcation or detects an SAE

internally, it quarantines and/or

recalls other products, as
necessary

« Reports to HA
@ CLINICAL USER/PO
« Detects suspected SAREs
« Reports to TE
* Participates in investigations necessary
with TE

« Informs PO and TE, as appropriate
« Co-ordinates the investigation,
involving clinical users' PO, as

INTERNATIONAL
REPORTING

« Gathers and analyses annual
cumulative SARE reports from
individual countries

* Publishes cumulative report

« Highlights important trends

« Issues international rapid
alerts when appropriate

« Evaluates and intervenes
as necessary

* Reports annually to
regional system where
relevant (e.g. European
Commission)

« Issues national rapid alerts
where appropriate

» Communicates relevant
information to the professional
leld to maximise learning
impact

HA: Health Authority; EU: European Union; PO: Procurement Organisation; SAE: Serious Adverse Event; SAR: Serious Adverse Reaction;
SAREs: Serious Adverse Reactions and Events; TE: Tissue Establishment.

related to quality or safety that meet the descriptions
of ‘serious’, ‘life-threatening’ or ‘death’ must be re-
ported to the Health Authorities. The TE is respon-
sible for providing clinical user organisations and
critical third parties with clear instructions, forms
and guidance on how to notify adverse reactions
in accordance with national or local requirements.
Reporting and management of adverse reactions
should be incorporated in the quality system of the
TE, with one or more SOPs that describe the process
for acknowledgement of notifications, investigation,
follow-up on corrective and preventive actions and
reporting to the Health Authorities if criteria are met.
Moreover, a specific procedure should enable rapid
action, if needed, to be taken by all affected organi-
sations to protect the safety of recipients (see Figure
17.1 - Categories of biovigilance scenarios).

This may involve tissue and cell quarantine,
recall and look-back in patients who have already had
implicated tissues or cells applied. These actions may
need to be taken by organisations other than the one
that received the original notification. For example,
the organ procurement organisation will play a
central part when the deceased donor was an organ
and tissue donor.

Figure 173 shows a series of actions that might
need to be taken in a report of suspected transmis-
sion from a deceased donor of organs and tissues. It
makes clear that communication with other organ-

isations that might need to quarantine implicated
tissues or cells, or conduct recalls or look-backs,
should be quick and effective.

Although reporting of SARs should, in general,
be co-ordinated and centrally reported by TEs at a na-
tional level, it is recommended that national V&S pro-
grammes allow direct reporting from clinical users or
even patients to Health Authorities. There are some
examples in pharmacovigilance of patients directly
reporting outcomes of adverse events. The idea with
this initiative is to have a full range of self-reporting
rather than patients’ reports only being collected by
clinicians. The project is called PROSPER (Patient Re-
ported Outcome Safety Event Reporting) [7]. In the
case of tissues and cells, patients should be advised
to contact healthcare professionals in the event of any
potential symptom which is not expected.

17.4.2.4. International reporting

If SARs are detected in relation to tissues or
cells that have entered international distribution
channels, appropriate international collaboration
should ensure that all the stakeholders involved (cli-
nicians, TEs and Health Authorities) in each of the
countries concerned are informed and participate, as
necessary, in the investigation and follow-up actions.

In the case of HPC, WMDA and national
HPC registries have implemented a global reporting
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Figure 173. Example of an adverse reaction involving multiple parties
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system because HPC products have specific charac-
teristics (for more information see Chapter 24).

In the EU, according to Directive 2006/86/
EC, member states must submit to the European
Commission an annual report on the notification
of Serious Adverse Reactions and Events (SAREs)
compiled at national level by the Health Authori-
ties. In return, the European Commission submits
a summary of the reports received which is publicly
available on their website [8]. Such international re-
porting allows for trend analyses on the basis of con-
solidated data and for sharing of the lessons learned.
This directive also states that Health Authorities must
make this report available to TEs.

The latest data available, from the 2020 SARE
exercise (data 2019), were published by the commis-
sion on 08 November 2021. In the summary of the
European Commission of the 2020 annual reporting
of serious adverse reactions and events for tissues
and cell using the data collected from 2019, a total of
more than a million tissues and cells were distributed
(393 625 non-reproductive and 966 690 reproduc-
tive). In total, 306 SARs were reported (156 non-re-
productive and 150 reproductive) and 949 SAEs were
reported (689 non-reproductive and 260 reproduc-
tive). Unfortunately, still not all countries report their
complete data although the number of notifications
is increasing regularly since the first European pub-
lished report.*

*  https://ec.europa.eu/health/publications/summary-2020-

annual-reporting-serious-adverse-reactions-and-events-
tissues-and-cells_en.
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In order to put into context the numbers of
SAEs and SARs related to the use of tissues and cells
of human origin, it is essential to collect harmonised
and accurate activity data. These data would also
be critical in assessing how many tissues and cells
are available in a given country or region and how
many are regularly used, in an effort to achieve self-
sufficiency both at the level of each country and at
European scale, so that transplantation requirements
can be consistently met. In an attempt to streamline
and harmonise data collection exercises in Europe,
in the framework of a co-operation Grant Agreement
between the European Commission and the Council
of Europe/EDQM and with the support of the main
professional societies and existing registries in the
field, the EDQM co-ordinated the identification of
a minimum dataset that, if regularly collected by
member states, would serve the above-mentioned ob-
jectives [9]. The exercise entailed reaching an agree-
ment on the parameters, units and expected quality
of the data to be collected, as well as making recom-
mendations on who should be accountable for the
collection and validation of the data and who should
ensure dissemination among all relevant stake-
holders. It was agreed that all stakeholders identified
in this exercise should collect and record the identi-
fied data. This would lead to important improvements
in the data available at national and European level
for transparency and biovigilance purposes, as well
as supporting policy decisions in relation to supply
and self-sufficiency.


https://ec.europa.eu/health/publications/summary-2020-annual-reporting-serious-adverse-reactions-and-events-tissues-and-cells_en
https://ec.europa.eu/health/publications/summary-2020-annual-reporting-serious-adverse-reactions-and-events-tissues-and-cells_en
https://ec.europa.eu/health/publications/summary-2020-annual-reporting-serious-adverse-reactions-and-events-tissues-and-cells_en

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

17.4.2.5. Follow-up of the donors of tissue and cells

The follow-up of donors of tissue and cells is
important for the early detection and reporting of
SAREs. Short-term follow-up is essential to ensure
recovery from the donation procedure. Long-term
follow-up is desirable to enable any long-term effects
of the donation to be identified. The nature and du-
ration of this follow-up will depend on the type of
donation, the nature of the intervention and its po-
tential impact on the individual’s health [10]. Adapted
and robust registries should be developed by profes-
sionals in order to trace and assess these data. We can
consider follow-up as an example of the continuous-
proactive category of biovigilance (see Figure 17.1).

Completed donor follow-up has been defined
as physical, phone or laboratory contact at a given
time point [11]. There should be written SOPs for
follow-up of donors. For related donors, the respon-
sible person for the follow-up should be the physician
undertaking the assessment of the donor for the do-
nation. For unrelated donors, the follow-up should
be the responsibility of the relevant donor registry, if
present.

After donation, the living donor (related or un-
related) should also be followed up, by documented
procedures. This follow-up will depend on the type of
donation, and the length of follow-up should reflect
the guidance of the professional body. This follow-up
ensures that, if a new condition occurs that may have
an impact on the recipient, proper action can be
taken; it also ensures that, if SARs occurred to the
donor, the procurement procedure will be improved.
This should be clearly documented. No matter how
extensive the testing that is performed prior to do-
nation, the donor can develop diseases not known at
the time of donation. These can be newly discovered
infectious diseases or malignancies. These conditions

Table 17.1. Severity scale for adverse reactions

may have been transmitted to the recipient as well.
There is no clear evidence regarding malignancies,
but haematological malignancies within one year
of donation may have been present in the graft and
transmitted to the recipient. In these cases, the recip-
ient should be specifically monitored for the presence
of the disease and if possible, preventive steps should
be taken.

Investigation and assessment of adverse
reactions

17.4.3.

Depending on the level at which the adverse re-
actions occurred, certain measures have to be taken
before starting the investigation. The first precau-
tionary measure is to quarantine any other remaining
tissues or cells from the same donor. If tissues or cells
have already been distributed, it must be determined
where or to whom they are allocated and consider the
possibility of recalling if still an option. These meas-
ures are intended to minimise the number of recipi-
ents exposed to the same reaction.

a. The first step in the investigation is to deter-
mine the severity. A ‘severity scale’ can be
used to decide whether a particular adverse
reaction is an SAR that needs to be reported
to the Health Authorities. The scale shown in
Table 17.1 is used in the EU. It was proposed
by the project European Union Standards and
Training for the Inspection of Tissue Establish-
ments (EusTITE) [12] for vigilance for tissues
and cells and is based on the scale used for
haemovigilance.

Adverse reactions in recipients of tissues or

cells should be investigated by a multidiscipli-

nary team that can carry out an independent
investigation; the team should also include the

Not reportable Insignificant No harm to the recipient or living donor, and considered to be reportable as an
event rather than a reaction according to EU directives
Non-serious Mild clinical consequences that do not necessitate hospitalisation and/or do not
result in long-term disability or consequences for the recipient or living donor
To be reported Serious Adverse reaction resulted in:

hospitalisation or prolongation of hospitalisation and/or

persistent or significant disability or incapacity and/or

medical or surgical intervention to preclude permanent damage or impair-
ment of a body function and/or

evidence of a serious transmissible infection and/or

birth of a child with a serious genetic disease after ART with non-partner
gametes or donated embryos

Life-threatening

The living donor or recipient required major intervention after procurement
or application of tissues or cells (vasopressors, intubation, transfer to the
intensive care unit) to prevent death and/or

There is evidence of a life-threatening transmissible infection

Fatal

Death in a living donor or a recipient of tissues or cells
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Table 17.2. Scale describing possible outcomes of an imputability investigation

Criteria adapted from EusTiTe-
SoHO V&S [14, 15]

Criteria for infectious and malignant transmissions, adapted from
the Disease Transmission Advisory Committee [16]

Not Insufficient data for imputability  Insufficient data for imputability assessment
assessable assessment
0. Excluded Conclusive evidence beyond Suspected transmission and fulfilment of at least one of the following
reasonable doubt for attributing  conditions:
an adverse reaction to alternative « clear evidence of an alternative cause
causes - the appropriate diagnostic tests carried out have failed to document
infection by the same pathogen in any recipient from the same donor
- laboratory evidence that the recipient was infected with the same
pathogen or had a tumour before the application of organs, tissues or
cells
1. Possible The evidence is indeterminate for  Either
attributing an adverse reactionto - suspected transmission and
the quality/safety of tissues and - laboratory evidence of the pathogen or tumour in a single recipient
cells, to the donation process or or
to alternative causes + data suggest a transmission but are not sufficient to confirm it
2. Probable The evidence is clearly in favour of Not only are the following two conditions met:
attributing the adverse reaction - suspected transmission and
to the quality/safety of tissues - laboratory evidence of the pathogen or tumour in a recipient
and cells (for recipients) or to the  but also at least one of the following conditions is met:
donation process (for donors) + laboratory evidence of the same pathogen or tumour in other recipi-
ents
- laboratory evidence of the same pathogen or tumour in the donor
If there is pre-transplant laboratory evidence, such evidence must indi-
cate if the same recipient was negative for the pathogen involved before
transplantation
3. Definite; The evidence is conclusive All the following conditions are met:
certain beyond reasonable doubt for + suspected transmission

attributing the adverse reaction
to the quality/safety of tissues
and cells (for recipients) or to the
donation process (for donors)

+ laboratory evidence of the pathogen or the tumour in a recipient

- laboratory evidence of the same pathogen or tumour in other recipi-
ents (if multiple recipients)

+ laboratory evidence of the same pathogen or tumour in the donor

If there is pre-transplant laboratory evidence, it should be noted that the

same recipient was negative for the pathogen before transplantation

This table can be adapted to other tissues or cells and for MAR in order to take into account the specificities of each type of product.

clinician who transplanted the tissues or cells,
the TE that provided them and, in more serious
cases, the Health Authority in that country. Ef-
ficient co-ordination of the investigation is
critical to the rapid implementation of effective
corrective actions. If relevant, experts in par-
ticular fields (e.g. viral transmission) should
also be invited to participate in the investiga-
tion of the adverse reaction.

The second step is to assess imputability. The
investigation should focus on establishing the
level of imputability (i.e. the extent to which
the tissues or cells used clinically can be con-
sidered to have caused the adverse reaction).
The scale provided in Table 17.2, developed
by EUSTITE, can be applied to describe the
outcome of an imputability investigation. It
proposes that all adverse reactions be graded
in terms of imputability. Table 17.2 also rec-
ommends specific approaches to the establish-
ment of imputability for suspected infectious
or malignant transmissions, as proposed by
Garzoni and Ison in the context of transplan-
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tation [13]. Imputability grades might change
during an investigation and should, in general,
be assigned at the point of initial notification
and again at the completion of the adverse re-
action investigation. The evaluation of imput-
ability should be based on scientific or clinical
data. The ECDC, the WHO or other sources
of epidemiological and risk information may
be useful to support the process. Considera-
tion should also be given to the practice of ar-
chiving pre-transplant samples for transplant
recipients to support imputability investiga-
tions (including the possibility of genetic mate-
rial from donors in MAR).

TEs have to review:

.all the reagents, substances etc. that were in

contact with the tissues and cells during pro-
cessing, checking the expiry date and the ste-
rility;

.the tissues processed in the same room on the

same day, the day before and the day after;

3.donor medical and social history;
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4. all the microbiological results of the donor and
of each specific graft;

5.the microbiological checks of the processing
rooms.

The ORHA that uses the tissues or cells needs
to determine whether other patients were oper-
ated on in the same operating room and those
patients’ clinical and microbiological condi-
tions. This approach is not advised for recipi-
ents of gametes or embryos (see Chapter 29).

c. The final step is the impact assessment, which
establishes the probability or likelihood of re-
currence of the SAR, taking into account the
consequences to the individual, or the system
or the supply, selecting the worst-case scenario
in each category. Using the impact matrix
allows determination of the level of corrective
and preventive action to be taken according to
the Health Authority (see the impact assess-
ment tool given in Appendix 27).

17.5. Adverse events

Adverse events can occur at any moment from
donor selection to clinical application. However, it
should be emphasised that an adverse event may not
always produce a subsequent reaction in the recipient.

Non-compliances with the quality system
should be documented and investigated as part of the
internal QMS. On occasions, however, a particular
non-compliance may be of such importance that it
should be considered as an SAE and reported through
the vigilance system. Some examples of SAEs are (for
more information, check the specific tissue chapter in
Part B):

a. Final result of a negative-to-date release with
a cultured cornea was reported as positive; no
adverse reaction detected in the cornea recip-
ient.

b. Aspergillus was detected in an incubator used
for storing tissues and cells that had been dis-
tributed. This could be attributed to a pro-
cessing step.

c. Loss of all embryos during handling; the
patient requires a new cycle of IVF.

d. Skin donor not tested for malaria although
donor resided in a malaria-endemic area.

e. Lack of liquid nitrogen, in a liquid nitrogen re-
frigerator containing several tissues, resulting
in thawing of the tissues. This example could
have been related to storage.

f- A frozen bone arrives at the hospital and the

bag is broken, this being discovered before
patient is anaesthetised and before the surgical
procedure has begun.

17.5.1. Detection of serious adverse events

For effective detection of adverse events, all
relevant stakeholders must be aware of their respon-
sibilities for identifying errors or unexpected results.
This includes all staff in TEs and procurement or-
ganisations, those working in organisations such as
testing laboratories that provide ‘third party’ services
to TEs, and clinical users who may also detect errors
at the point of clinical use. Following the SoHO
V&S project in the EU, some Competent Authorities
now promote the reporting of what are called near
misses, meaning those errors that have real potential
to provoke a serious adverse reaction, which either
does not take place (by chance or preventive remedial
action) or does not have consequences for the patient,
the system or the staff.

175.2.  Serious adverse event reporting

According to instructions from the European
Commission to EU member states for annual vig-
ilance reporting, deviations from SOPs in TEs (or
other adverse events) that have implications for the
quality and safety of tissues and cells should result in
an SAE report to the Health Authority if one or more
of the following criteria [17] apply (see also Figure 17.1).

a. Inappropriate tissues/cells have been distrib-
uted for clinical use, even if not used;

b. The event could have implications for other pa-
tients or donors because of shared practices,
services, supplies or donors;

c. The event resulted in loss of any irreplace-
able autologous tissues or cells or any highly
matched (i.e. recipient-specific) allogeneic
tissues or cells;

d. The event resulted in the loss of a significant
quantity of unmatched allogeneic tissues or
cells.

The criteria adopted for reproductive tissues
and cells are:

a. inappropriate gametes, embryos or germinal
tissues have been released for clinical use, even
if not used;

b. the event could have implications for other pa-
tients or donors because of shared practices,
services, supplies, critical equipment or donors;

c. any type of gamete or embryo misidentifica-
tion or mix-up of gametes or embryos;
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d. the event resulted in a loss of traceability of

gametes or embryos;

contamination or cross-contamination;

f- accidental loss of gametes, embryos, germinal
tissues (e.g. breakdown of incubators, acci-
dental discard, manipulation errors) resulting
in a total loss of chance of pregnancy for one
cycle.

®

Investigation and assessment of serious
adverse events

17.5.3.

Despite the fact that SAEs, by definition, have
not (or not yet) involved harm to recipients or donors,
the impact of an SAE can be significant if considered
in a broader way. The impact assessment tool given in
Appendix 27 can also be applied to SAEs to help reach
a decision on the response required. Appendices 28,
29, 30 and 31 provide examples that may serve as
guidance.

17.6. Vigilance co-ordination

o-ordination between various systems of vigi-

lance (e.g. organ and haemovigilance, material/
device vigilance, pharmacovigilance) should be in
place at the local level (TE) and at the Health Au-
thority level.

The European Medicine Agency defines phar-
macovigilance as “the science and activities relating
to the detection, assessment, understanding and
prevention of adverse effects or any other medi-
cine-related problem”. The relevant legal texts and
guidelines are described on the pharmacovigilance
web page of the European Commission [18]. Dona-
tion, procurement and testing of the tissues and cells
used to prepare an ATMP are regulated in the EU by
directives on tissues and cells. Consequently, good
communication between biovigilance and pharma-
covigilance systems is essential to facilitate effective
investigation and corrective/preventive actions if
ATMPs are associated with adverse outcomes.

The lack or omission of the exchange of infor-
mation can put more patients or the same recipients at
risk. Sometimes it is someone within the system who
discovers a problem and needs to inform the Health
Authority. For example, if there is problem with a
bag used for cryopreserved tissues or cells and that
problem altered the characteristics of the product, or
if such a bag was stored at —196 °C and after some
time this bag was broken, then the medical device
vigilance system should be informed. The same
caution should apply when faced with an SAR or SAE
with organs if it involves tissues which were retrieved,
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or vice versa; in either case, all the corresponding
vigilance systems should be informed. Sharing infor-
mation between vigilances and health professionals
might be really important, notably because some ma-
terials or devices used in the preparation, shipment or
other steps of the process from procurement to graft
are manufactured by only one supplier and a quality
defect or a problem can have huge consequences on
SoHO activities.

Each country decides how to connect all the
vigilance systems at national and international level.
There are some initiatives to join organs, tissues and
cells in one system, although not all professionals
agree on this due to the differences in terms of risk
assessment [19]. In any case, the systems must be
linked, connected and able to exchange information
in both directions.

17.61.  Rapid alerts

In some circumstances, a particular event or
reaction requires rapid communication nationally or
internationally to facilitate urgent action, such as a
recall of products or critical materials or the quaran-
tine of tissues or cells (see Figure 16.1). In that case a
communication system must be available at all times.
Rapid alerts should only be issued in exceptional cir-
cumstances. The following criteria have been iden-
tified in the SOHO V&S project [20] as triggers for
rapid alerts within or between EU member states:

a. an ARE of a serious or potentially serious
nature;
b. potential risk to other individuals or other TEs;
wider public health implications;
d. rapid intervention needed (preventive or cor-
rective measures, urgent communication).

o

Within the EU, a system for rapid alerts — called
Rapid Alerts for Tissues and Cells (RATC) - is hosted
by the European Commission and enables the Com-
petent Authorities of EU member states to rapidly
share urgent information on risks to patients where
that information has consequences in more than one
EU member state [21]. In February 2013, this system
was moved to a new secure internet platform where
all rapid alerts are generated and shared, with access
restricted to Competent Authorities. The reports
summarising the launched alerts every year are pub-
lished on the EC webpage [22].
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17.7. Vigilance communication:
education and training
1771.  ‘No blame’ culture

Effective communication at all levels of the
results of vigilance systems is fundamental to ensure
the benefits of these programmes. Regular feedback to
health professionals is critical in supporting the con-
tinued notification of AREs. All stakeholders, Health
Authorities, TEs and clinicians should promote a
culture that encourages reporting in a non-punitive
context for the benefit of patients and donors. It
should be accepted that mistakes happen and that no
programme of transplantation or MAR is risk-free.
Programmes of training and awareness should be or-
ganised to encourage reporting. The message should
be promoted that reporting and disseminating V&S
information can result in positive improvements for
donors and patients, as well as feedback to health
professionals.

177.2.  Vigilance experience and feedback

Health Authorities and professional socie-
ties should publish the results of their programmes
without identifying individual centres, hospitals or
people. Those TEs or hospitals directly involved in
specific incidents should also consider publishing
their experience to alert others to the means by which
they detected and confirmed the event or reaction.

The Notify Library is an initiative launched
by the WHO and supported by the Italian National
Transplant Centre (CNT) that has gathered informa-
tion on documented adverse occurrences in trans-
plantation and assisted reproduction. It has reviewed
cases to identify general principles supporting de-
tection and investigation. The database has been
constructed from the information gathered and is
accessible on a dedicated website [3, 23]. The database
is maintained and updated on this platform and is in-
tended as a communication hub for institutions and
organisations worldwide collaborating in the facilita-
tion of access to V&S information to improve safety
and efficacy.

1773.  Educational training and workshops

When SoHO are used, there is always a risk
that needs to be considered if something happens
afterwards that can be related to the quality of the
tissue or cells used and that needs to be communi-
cated. Health Authorities should encourage bio-
vigilance awareness in all professionals involved
in tissues and cells at any step (from donation to

implant). To achieve this awareness, it is necessary to
educate and train the professionals about the bene-
fits of implementing a biovigilance system. This can
be done with a high-quality educational programme
and with well-organised workshops, disseminating
the message in meetings, publishing reports with an-
onymised data, etc.

The purpose is to stimulate reporting in an
appropriate manner while avoiding over-reporting,
which can collapse the system. Professionals need
guidance about what to communicate, when and to
whom. Healthcare providers need to have confidence
in this system, which is why it is important that the
reporting system is non-punitive and confidential.
Reporting and further analysis are very useful tools
for learning how to avoid mistakes and other errors;
in the end, the resulting analysis is beneficial for the
safety of donor and patients.

Workshops - using real cases for discussion,
describing how to investigate them and defining the
possible causes of SAREs summarised in the final
reports — can help in professionals’ daily work.
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Chapter 18. Introduction of novel processes and clinical

applications

18.1. Introduction

dvances in basic science, technology and medi-

cine create opportunities for the development of
novel tissue or cell preparation processes (including
changes to donor selection, procurement, processing,
storage and distribution methodologies) or clinical
applications. There are several key elements that
should be considered to ensure the quality, safety and
efficacy of novel processes and applications and, thus,
the safety of donors and recipients:

a. Clinical need should be the predominant driver
for the development of novel processes and ap-
plications for tissues and cells.

b. The involvement of, and close co-operation
between, three stakeholders — tissue estab-
lishments (TEs), clinicians representing or-
ganisations responsible for human application
(ORHAS) and Health Authorities — is essential
to ensure that the above-mentioned principles
(i.e. quality, safety and efficacy) are addressed.
A clear structure identifying the responsibili-
ties of each party, and how the different parties
interact with each other, must be established
and documented.

c. Comprehensive risk analysis should underpin
the development and evaluation of novel pro-
cesses and applications. This risk analysis
should consider both the risks and potential
clinical benefits of the novelty. Evaluation may
comprise in vitro, in vivo and, where indicated,

clinical evaluation and patient follow-up ac-
cording to the level of risk identified.

Some processes and applications, while new to
a specific TE, are not novel per se as they have been
well consolidated by others. For those processes, Part
D of this Guide includes monographs appropriate to
different processes and applications for substances of
human origin. Monographs are useful tools for TEs
and Health Authorities, providing the minimum
criteria to ensure the quality of different types of
tissues and cells; they are tools that can be used by
TEs to design appropriate validation studies for new
processes.

18.2. Regulatory considerations

hen a TE is developing a novel preparation

process, or if it plans to provide tissues or
cells for a new clinical application, it should consider
whether the process or therapy might lead to a regu-
latory classification of the tissues or cells as medicinal
products, or as advanced therapy medicinal products
(ATMPs) or as medical devices. If this is the case, the
regulatory framework for the authorisation of the rel-
evant product type will be applicable in the EU (for
further information, see Chapter 34). In these cases
the regulatory requirements of the tissue and cell leg-
islation for donation, procurement and testing still
apply. TEs should engage with their Health Authority
at an early stage of the product development cycle, in
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order to establish in advance which is the applicable
legal (regulatory) framework in their country.

This chapter is based on the principles and
guidance developed by three EU-funded projects.

a. VISTART

This EU Joint Action (Vigilance and Inspection
for the Safety of Transfusion, Assisted Repro-
duction and Transplantation) proposed regu-
latory principles for Health Authorities for the
appraisal and approval of clinical evaluation
protocols for blood, tissues and cells prepared
with new processing methodologies [1]. These
VISTART principles aim to guide stakeholders
in the development and implementation of
novel preparation processes or clinical appli-
cations, ensuring compliance with regulatory
and technical requirements, and they propose
an approach whereby the degree of risk asso-
ciated with the novelty is linked to an appro-
priate clinical follow-up plan.

b. EuroGTPII

This project (Good Practices for demonstrating
safety and quality through recipient follow-up)
developed good-practice guidance for TEs for
evaluation of the safety, quality and efficacy of
tissue and cellular therapies and products. The
key outputs from Euro GTP II included a sys-
tematic mechanism and interactive assessment
tool to identify and evaluate risk, and defined
methodologies that can be used to mitigate risk
[2] (see also Chapter 3).

c. GAPP
GAPP Joint Action (facilitating the Author-
isation of Preparation Process for blood and
tissues and cells) focused on facilitating the
development of a common and optimal ap-
proach for Competent Authorities to assess
and authorise preparation processes in blood
and tissues establishments (BEs and TEs) [3].
This project developed Good Practice Guide-
lines for Health Authorities for preparation
process authorisation (PPA) for blood, tissues
and cells, and three annexes: 1. authorisation
changes in donation, procurement and col-
lection, processing, preservation, storage and
distribution; 2. assessing the quality and safety
of donor testing, microbial inactivation/re-
duction and sterilisation steps as part of PPA;
and 3. assessing clinical data as part of PPA.
The EuroGTP II tool and methodologies are
recognised by the GAPP project as a suitable
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mechanism for performing this type of evalua-
tion based on the ViSTART principles.

18.3. Interaction between key

stakeholders

hen introducing novelties in the field of tissue

and cells, three main stakeholders should in-
teract closely. These are the TEs, the clinicians in the
ORHA and Health Authorities. They each contribute
their specific expertise to establish a structured, safe
and efficient approach to the introduction of new
tissue and cell preparations and clinical applications.
As consideration of the risks, both to the product ef-
fectiveness and to the safety of the patient and donor,
is critical, consultation with all of these stakeholders
is essential. There should be a formal agreement
between the TE and the clinicians/ORHA clearly
specifying their respective roles and responsibilities
when setting up clinical evaluations. Moreover, the
TE and clinicians/OHRA may contribute informa-
tion for completing the preparation-process dossier
to request a formal authorisation/agreement to their
Health Authorities. Figure 18.1 describes schemat-
ically a structured flow of information between TE,
clinicians/ORHA and Health Authorities.

Responsibilities of the tissue
establishment

18.3.1.

The TE is responsible for ensuring that the
quality and safety of tissue and cell products meet
the regulatory requirements and technical specifica-
tions necessary for release for clinical application. In
this context, quality and safety result from the donor
selection, the procurement of tissues and cells, the
testing and the preparation processes. Preparation
processes must be performed in compliance with the
tissue and cell Good Practice Guidelines (Part C) and
the EU Tissue and Cells directives requirements.

Two different perspectives currently apply to
the meaning of the term ‘quality’ within the field
of tissue and cell processing and both should be ad-
dressed by the set of quality-control parameters used
to characterise the tissues and cells resulting from the
preparation process: quality may be seen as the ful-
filment of a specific set of standards, characteristics
and requirements as predefined by the preparation
process, i.e. compliance of the tissue or cell product
with its specifications (tissue and cell monographs).
Quality may also be seen as an indicator of the safety
and eflicacy of the tissue or cell product. The critical
parameters for novel tissue or cell preparation pro-
cesses should cover both quality perspectives.
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Figure 18.1. Flow of information between tissue establishments, clinicians and Health Authorities
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The safety profile of tissues and cells covers

biological (infectious, immunological), physical
(e.g. morphological appearance, integrity, elasticity)
and/or chemical (e.g. toxicological, residual traces
of reagents) properties. The safety of novel prepara-
tion processes or clinical applications results from a
careful and comprehensive risk analysis. The meth-
odology to perform a risk-based analysis of tissue
and cells preparation processes and clinical applica-
tions proposed by the EuroGTP II project [2] takes
into account risks related to donor characteristics,
procurement process and environment, preparation
process and environment, reagents, reliability of mi-
crobiology testing, storage conditions, transport con-
ditions, the presence of unwanted cellular material
and the complexity of the preparation/application
method (see Chapter 3).

Risk analysis should be based on current evi-
dence derived from known preparation processes,

processing steps and products that are comparable to
the tissues and cells obtained with novel preparation
methods and/or new clinical applications. In circum-
stances where evidence is lacking, due to the grade
of novelty and uncertainty, an analysis should be
done to estimate the risks. The EuroGTP II tool and
methodologies are recognised as a suitable method
for performing this type of evaluation. The TE should
use in vitro and (where feasible) in vivo testing to in-
vestigate and mitigate any potential risks prior to
clinical application. The TE should include the risk
analysis and supporting information in the prepara-
tion-process dossier to submit to Health Authority
for approval (see §18.3.3). The results of these tests are
a pre-requisite to initiate a clinical investigation or
follow-up of a well-defined patient cohort, as a first
step of the clinical efficacy and safety validation of
these new products, before a routine application. The
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safety and efficacy of the tissue and cells product can
only be confirmed by clinical outcome data.

18.3.2. Responsibilities of the clinicians/
organisations responsible for human

application

The key role of the clinician is ensuring product
safety and efficacy in the context of clinical applica-
tion of tissue and cell products. The clinician is re-
sponsible for obtaining appropriate patient consent
for application, and for collecting clinical outcome
data from patients. Clinical 