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Abstract With the present paper, the Working
Group on Cells, Tissues and Organs and other experts
of the Superior Health Council of Belgium aimed to
provide stakeholders in material of human origin with
advice on critical aspects of serological and nucleic
acid test (NAT) testing, to improve virological safety
of cell- and tissue and organ donation. The current
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paper focusses on a number of preanalytical variables
which can be critical for any medical biology exami-
nation: (1) sampling related variables (type of sam-
ples, collection of the samples, volume of the sample,
choice of specific tubes, identification of tubes), (2)
variables related to transport, storage and process-
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ing of blood samples (transport, centrifugation and
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haemolysis, storage before and after centrifugation,
use of serum versus plasma), (3) variables related to
dilution (haemodilution, pooling of samples), and
(4) test dependent variables (available tests and vali-
dation). Depending on the type of donor (deceased
donor (heart-beating or non-heart beating) versus
living donor (allogeneic, related, autologous), and
the type of donated human material (cells, tissue or
organs) additional factors can play a role: pre- and
post-mortem sampling, conditions of sampling (e.g.
morgue), haemodilution, possibility of retesting.

Keywords Preanalytical variables - Biological test -
Donor of human body material - Deceased - Living -
Post-mortem

Introduction

The Tissues and Cells Directive—2004/23/EC-,
establishes the quality and safety standards for the
donation, removal, acquisition, testing, processing,
storage and distribution of human substances that
must be met by the tissue establishments. The Tis-
sues and Cells Directive—2004/23/EC—will shortly
be replaced by a “Regulation” causing the actual
national legislations to become obsolete. This Regu-
lation will refer to the standards, safety and quality
guidelines developed by the European Directorate for
the Quality of Medicines & HealthCare (EDQM) and
the European Centre for Disease Prevention and Con-
trol (ECDC).
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The actual implementation of the 2004/23/EC
within national legislations discusses performing
the mandatory biological tests on samples from tis-
sue donors. The tests have to be performed on donor
serum or plasma and are divided into serological tests
and NAT tests.

The goal of the performance of these tests is to pre-
vent transmission of infectious diseases from donor to
recipient or to anyone who comes into contact with
the donor or the transplant material (e.g., tissue estab-
lishment and healthcare personnel). Depending on the
results, human body material (HBM) is rejected or
released (Theodoropoulos et al. 2018).

The following biological tests are mandatory:
antibodies against and P24 antigen of-human immu-
nodeficiency virus 1,2 (anti-HIV 1,2), antibodies
against Hepatitis C virus (anti-HCV), Hepatitis B
surface antigen (HBsAg), antibodies against Hepati-
tis B core antigen (anti-HBc), if relevant antibodies
against Hepatitis B surface antigen (anti-HBs). For
HBYV, HCV and HIV screening of allogeneic donors,
both serological and NAT testing of donor blood sam-
ples are needed. For syphilis, only serological tests (a
treponemal screening test e.g. 1. pallidum haemag-
glutination (TPHA) test, T. pallidum particle aggluti-
nation (TPPA) test, or treponemal enzyme immuno-
assays (EIA) or chemiluminescence immuno-assays
(CLIA)) need to be performed. In the case of autol-
ogous donors, NAT tests are not necessary (Kitchen
et al. 2013).

However, no guidelines with regard to the pre-
analytical errors within e.g. storage and maintenance
conditions of the blood samples, nor the interpretation
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and reporting of viral serology and NAT testing are
available.

The objective of the current article is to exten-
sively discuss critical pre-analytical variables of man-
datory biological tests for the different types of cell
and tissue donors.

Types of pre-analytical errors

Pre-analytical errors relate to multiple variables
(Cudachar 2013; Guder 2012). Plebani et al. (2014)
listed a number of pre-analytical errors linked to iden-
tification on the one hand and linked to the sample on
the other hand:

e Preanalytical errors linked to sample information:
unlabeled samples, mislabeled samples, insuffi-
ciently labeled samples, samples suspected to be
from the wrong patient (“wrong blood in tube”),
irregularities in transfusion labelling requirements
(e.g. signature of phlebotomist), etc.

e Preanalytical errors linked to the sample:
haemolyzed, clotted, icteric/lipemic, incorrect fill-
ing level/inadequate quantity, lost/not received,
damaged during transportation, improperly stored,
etc.

A recent paper of Sareen et al. (2017) confirms
that the pre-analytical phase is an important compo-
nent of total laboratory quality. Studies show that the
preanalytical phase accounts for 46-68.2% of errors
observed (Plebani et al. 2014).

In the current work the sampling step, and in par-
ticular the choice of sample tubes, the choice between
serum and plasma, the donor’s condition (deceased
or living), and the timing of the sample in case of
haemodilution (pre-transfusion or post-transfusion)
and in case of deceased donors (pre-mortem or post-
mortem) are highlighted initially.

Secondly, storage and transport of the samples
to the analysis laboratory, the centrifugation of the
blood samples, and the practice of sample pooling are
discussed.

Finally, the importance of the standardisation of
working methods and the choice of tests will be dis-
cussed, taking into account the differences in diag-
nostic sensitivity and specificity between tests and the
availability of validated tests on the market.

All these various steps are essential. For optimally
reliable results, it is important to limit variability and
to take into account all interfering factors.

The requirements for tissues and cells may dif-
fer from those for organs, as different regulations
apply. Organs can be procured from different types
of deceased donors. Organ donation after Brainstem
Death (DBD) is possible from patients whose death
has been confirmed using neurological criteria (also
known as brain-stem death or brain death). Organ
donation after Circulatory Death (DCD), also known
as donation after cardiac death or non-heartbeating
donation, refers to patients whose death is confirmed
using cardio-respiratory criteria. Tissues (e.g. cornea
only or skin, cornea, bones and tendons, ...—multi-
tissue donation) and cells (e.g. pancreatic B3 cells,
liver cells, ...) can be procured subsequently to organ
donation. There are two principal types of DCD, con-
trolled and uncontrolled (Maastricht classification
according to Evrard 2014). There is considerable var-
iation in the contributions that DCD, and even more
the two types of DCD, make to deceased organ dona-
tion in different (European) countries. In contrast, tis-
sues can be procured in uncontrolled DCD (e.g. death
on arrival in emergency department) and even up
to 24 h (48 h for skin and tympano-ossicular grafts)
after circulatory stop if the maximal warm-ischae-
mia time (time between circulatory stop and cooling
of the body) does not exceed 12 h. These donors are
commonly described as “cold”’donors, in contrast to
“warm”donors. The purpose of these recommenda-
tions is to propose test conditions that offer quality
and safety guarantees for any HBM (tissues, cells
and organs) and to provide sufficient information to
determine the level of risk of transmission. As donors
may be multi-HBM-donors (including organs), it is
appropriate to extend the routine test requirements for
organ donation, to those for cells and tissue donation.
Moreover, the national test requirements should at
least be compatible with international, more specifi-
cally European Union requirements, in case the HBM
is applied in another country.

The tests discussed in this work are not limited to
serological tests, but relate to biological tests in gen-
eral (e.g. also including NAT testing). Conversely,
bacteriological tests are excluded.

The criteria for acceptance or rejection of tissues
and cells based on those test results must be defined
(standard operating procedures). The Responsible
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Person as regulated by article 17 of Directive
2004/23/EC will interpret the test results, based on an
adequate knowledge of the accuracy of the infectious-
disease test allowing a correct interpretation of the
test results. Decisions of acceptance or rejection must
comply with the regulations/legislations or, if there
are not prescriptive, be based on standards of practice
and/or risk assessments elaborated, for instance, by
professional organisations, the ECDC, EDQM or the
Substances of Human Origin (SoHO) department of
the European Commission (EC). In the end, it always
remains the responsibility of the transplant/implant
physician to make a risk/benefit analysis based deci-
sion on rejection or acceptance of the HBM.

Sampling
Condition of the donor
Living donors

The living donors are patients so, there is a possibil-
ity to collect information on the donor’s risk level
through questioning and clinical examination and to
obtain an additional sample at a later point in time if
needed.

Blood collection of allogeneic living tissue donors
is described in the 2004/23/EC and the national leg-
islation (e.g. RD of 28 September 2009). In the case
of non-reproductive HBM, the sample should be col-
lected at the time of donation or within 7 days after
the donation. For practical reasons blood sampling
from allogeneic bone marrow and peripheral blood
stem cell donors must be performed within 30 days
prior to donation, before reaching a “clinical” point of
no return for the recipient. Specifications of donation
itself—partner donors or non-partner donors—will
define the testing strategy. In a couple, serological
tests are done before (<3 months) the first donation.
For further partner donations, additional blood sam-
ples must be obtained according to national legisla-
tion, but<24 months from the previous sampling.
E.g. The Belgian legislation makes a further distinc-
tion between direct and indirect use. In the case of
sperm and oocyte donation that is not within a couple,
sperm donations must be quarantined for> 180 days
after the last procurement, after which repeat testing
is required, but quarantine is not necessary if at each
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donation serology testing is combined with NAT for
HIV, HBV and HCV (EDQM).

In the case of an autograft procedure, blood of
the autologous donor needs to be collected within a
month before transplantation or within 7 days after
the donation (RD of 28 September 2009).

Deceased donors

Blood samples need to be taken within 48 h pre-mor-
tem, or within 24 h post-mortem. In case of deceased
donors, the possibility to collect an additional sample
does not exist (EDQM, 2022; RD of 28 September
2009; Greenwald et al. 2018). With deceased neona-
tal donors biological testing may be performed on a
blood sample of the donor’s mother.

False negative/positive results due to the donor’s
condition

During the first 6-12 months of life, a child’s immune
system is not mature, therefore antibodies may not be
produced against an infection, potentially generating
a false-negative result. At a later age detection of anti-
bodies against pathogens may be hampered in donors
with immune-suppressive conditions or treatments,
generating false negative results. Test results may
also be invalidated by haemodilution (see 4.1.). False
positive results could be detected from a transfer of
“foreign” antibodies in the circulation of the donor
(transplacental, transfusion).

Collection of the samples

The 2006/17/CE and the EDQM do mention excep-
tional testing on other body fluids and secretions
(these tests “must not be performed on other fluids
or secretions such as the aqueous or vitreous humour
unless specifically justified clinically using a vali-
dated test for such a fluid.”). Whole blood (to be pro-
cessed into serum or plasma depending on the test
used) is procured from the donor. Collection of the
samples should follow general standards and regula-
tions (e.g., Clinical Laboratory Standards Institute
(CLSI) “Procedures for the Handling and Process-
ing of Blood Specimens for Common Laboratory
Tests: Approved Guideline”, 4th Edition, CLSI docu-
ment GP44-A4, 2010). In order to differentiate from
IV drug abuse, it is important to indicate the donor
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body site where the sample was taken, when a venous
puncture is used for the blood collection.

Volume of the sample

It is important to have a sufficient amount of blood
in order to perform the necessary tests. In case of a
deceased donor, there is no possibility to obtain a new
sample in order to redo testing, e.g., if a technical
problem has arisen in the laboratory.

In the case of a deceased multi-tissue donor, the
various stakeholders (e.g., different procurement
organisations, tissue establishments, etc.) need bio-
logical screening results. Sharing of results, espe-
cially in the context of interactions with other tissue
establishments and with organisations such as Euro-
transplant (in case of multi-tissue and organ donors)
can help to reduce the amount of blood samples
needed.

Therefore, it is important to define on beforehand
in a mutual agreement with the lab not only the nec-
essary volume and the priority of the tests to be per-
formed, but also to mention the added value of shar-
ing lab results.

Choice of tubes

Depending on the tests, tubes with or without addi-
tives will be chosen in compliance with lab require-
ments. Biological tests for the detection of HIV, HBV,
HCV and syphilis can be performed on serum or
plasma. In most cases, serum is used for biological
testing. A dry tube (without anticoagulant) or a tube
with coagulation activator—a tube in which the blood
coagulates—can be used. Gel separation vacutain-
ers that separate plasma from red cells are particu-
larly advantageous for NAT testing and preservation
of virus titres. After centrifugation, the supernatant
liquid obtained is the serum. NAT testing can be
executed on ethylenediaminetetraacetic acid (EDTA)
plasma or on serum. EDTA is an anticoagulant that
inhibits blood and/or plasma from clotting, ensuring
that the DNA or RNA to be detected is non-signifi-
cantly changed prior to the analytical process. Anti-
coagulation occurs by binding calcium ions (Guder
2012). EDTA plasma is most often used for NAT
testing.

Pre-mortem sampling

If the sample is taken from a living, heart-beating
donor, the blood quality, and more specifically with
regard to the performance of the biological tests, is
considered comparable to that from routine patient/
blood donor samples.

Post-mortem sampling

However, if the sample is retrieved from cadaveric,
post-mortem, non-heart-beating donors, the blood
quality, and more specifically with regard to the per-
formance of the biological tests, cannot be considered
comparable to that of routine patient samples, due to
potential blood changes after death (e.g., haemolysis,
autolysis, or blood contamination due to the appear-
ance of substances in non-circulating blood origi-
nating from growth of micro-organisms, release of
enzymes and products generated by autolysis, ...)
(Kitchen et al. 2013).

The EDQM guidelines state that in the case of
a deceased donor, blood samples must have been
obtained just before death or, if this was not possi-
ble, the time of sampling must be as soon as possible
after death, and in any case within 24 h after death.
However, a number of studies have demonstrated
the potential for longer post-mortem interval times.
Addressing the need for validation (for each indi-
vidual test and kit) and acceptance by the national
regulator is important. To verify the validity of NATSs
performed on blood specimens collected later than
24 h post- mortem, Meyer et al. (2012) monitored
viral nucleic acid concentrations in blood samples of
deceased patients who were infected with HIV (n=7),
HBV (n=5), and HCV (n=17). Samples were taken
upon admission and at 12 h, 24 h, 36 h, and 48 h post-
mortem. HIV and HCV RNA were quantified using
a Cobas TagMan device (Roche), while HBV DNA
was quantified using an in-house PCR. A more than
tenfold decrease of viral load was observed, in one
HIV-infected patient only, in samples taken 36 h or
48 h post-mortem. For all other tested patients, the
decrease of viral load in 36 h or 48 h post-mortem
samples was less pronounced. Specimens of 3 HIV-
and 2 HBV-infected patients taken 24 h post-mortem,
or later, were even found to have increased concen-
trations (> tenfold), possibly due to post-mortem lib-
eration of virus and/or its nucleic acid from particular
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cells or tissues. They concluded that their preliminary
data indicate that the time point of blood collection
for HIV, HBV and HCV testing using PCR may be
extended to 36 h or even 48 h post-mortem, and thus
improve availability of tissue donations (Meyer et al.
2012).

A more recent study was carried out by Schmack
et al. (2020). Twenty paired ante- and post-mortem
blood samples from cornea donors were obtained and
subsequently analysed for hepatitis B surface antigen
(HBsAg), hepatitis B antibody (anti-HBc), anti-HCV,
HCV RNA, anti-HIV-1/2, and HIV p24 Ag using
Abbott test systems. The sera were also spiked with
reference materials in concentrations giving low and
high positivity for HBV, HCV, and HIV markers.
The spiked ante- and post-mortem sera from related
donors showed similar results for HBsAg, anti-HBc,
anti-HCV, HCV RNA, anti-HIV, and HIV p24 Ag,
indicating a high stability of viral markers in cadav-
eric specimens. Three cornea donors had a medi-
cal history of HBV infection and revealed anti-HBc
at similar levels in the ante- and post-mortem sera.
In addition, there was a single post-mortem sample
demonstrating a weak signal of anti-HIV-1 and HIV-1
p24 Ag. False-positive or false-negative results were
not detected. The results obtained with the Abbott
ARCHITECT analyzer and Abbott RealTime HCV
PCR showed no significant differences. The authors
concluded that the analysed screening assays are suit-
able for the detection of infectious markers of HBV,
HCYV, and HIV at similar levels in spiked ante- and
post-mortem sera from cornea donors (Schmack et al.
2020).

Labelling of tubes

This is a very crucial aspect. On the one hand, the
labelling of the primary tube must correspond with
the right donor. In addition there might be a second
source of mistakes if there is a step of aliquoting
into a secondary tube before transport to the labora-
tory. Using serum separator tubes with a barrier gel
avoids transfer of serum to new tubes. At least two
donor identifiers, such as the donor’s full name, date
of birth and medical record number should be used.
If other donor identification methods—e.g. a unique
codification system—are used, it should be validated
to ensure traceability.

@ Springer

Variables related to transport, storage
and processing of blood samples

The EU legislation does not provide clear guidelines
concerning the storage and maintenance conditions
of blood samples, although these variables may be of
real importance in the context of donation of HBM,
especially in the case of procurement at a different
site than the laboratory site. In those cases, blood
samples are obtained in a different hospital and might
only be transported to the processing tissue establish-
ment and/or the laboratory when the often elaborate
and long-lasting HBM procurement procedures are
finished. In agreement with the laboratory, that if
responsible for specification of the transport and stor-
age conditions, these elements must be included in
the standard operating procedure, which describes in
particular the conditions of transport, temperatures,
temperature monitoring, duration, etc.

The blood samples will be centrifuged to separate
the different components in the blood. It is important
to make a distinction between the storage conditions
before and after centrifugation (McCaughey et al.
2017).

Red blood cells (RBC) are one of the major blood
components. Haemolysis indicates the disruption
of the RBC membrane, which causes the release of
haemoglobin and results in a discoloration of the
sample after centrifugation. This forms a problem
because (major) haemolysis can lead to false-positive
test results, especially in serology and can cause false
negative PCR results due to the inhibition of Taq pol-
ymerase. The temperature of the blood during storage
before centrifugation is an important factor in the pro-
cess of haemolysis. A temperature above 40 °C (e.g.
environmental temperature during storage or trans-
port) and below 1 °C (e.g. freezing before testing)
causes haemolysis. Other factors that affect haemoly-
sis are sampling technique (e.g., intravenous catheter
versus venous puncture, sample transport, sample
tube volume and filling) (McCaughey et al. 2017).
Furthermore, haemolysis may also be caused by con-
ditions related to the donor (e.g. infection, toxins,
medication, autoimmune haemolytic anaemia, hae-
modialysis, haemolytic transfusion reaction).

After centrifugation, the plasma or serum (depend-
ing on the type of tube) does not contain RBC any-
more. As there are lab-specific differences, it is
important that the ranges of the storage conditions are
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mentioned explicitly in the convention between the
tissue establishment and the lab. Transport and stor-
age conditions prior to testing should be in accord-
ance with the applicable rules for the safe transport of
(risk-bearing) biological material. Companies provide
a diagnostic test package insert with instructions con-
cerning storage timing and temperature that must be
followed. These inserts invariably state that the reli-
ability of assay results cannot be guaranteed if there
are any deviations from the instructions in the pack-
age insert.

This means that different timeframes between
blood sampling and centrifugation, between centrifu-
gation and initial storage (=transport conditions) and
between initial and final storage can possibly influ-
ence the biological test results and the reliability of
the test. Variation in storage temperature before cen-
trifugation of the blood could also have an impact on
the biological test results and the reliability and valid-
ity of the test.

Moreover, the recommendations of the compa-
nies in these inserts may differ in function of the use
of plasma or serum, especially in the case of post-
mortem samples. However, there are hardly any data
concerning the impact of storage condition prior to
centrifugation.

In the case of PCR screening for HBV, HCV and
HIV, centrifugation should be executed within a cer-
tain time after blood collection according to the pack-
age inserts, in the rule within 6 h after sample collec-
tion. However, this is not always possible. Especially
in the case of HBM procurement from a multi-tissue
donor in a different hospital than the site of the tis-
sue bank/or laboratory, it is sometimes not feasible to
comply with the timeframes mentioned in the pack-
age inserts. Moreover, there are limited data in the
scientific literature on whether different conditions
before centrifugation could influence the biological
test results and the reliability of the test, especially for
these three NAT tests (Jarvis et al. 2002).

Storage conditions for samples after centrifuga-
tion seem to be less critical. Although many authors
have reported that the storage conditions could affect
RNA stability and, hence, HCV and HIV RNA detec-
tion, a number of studies have shown that storage
after centrifugation does not have a major impact on
test results. In 2003, José et al. studied HCV RNA
stability in plasma samples after storage at differ-
ent temperatures (—70, —20, 5 and 25 °C). Samples

containing different HCV titers were stored and ana-
lyzed by qualitative or quantitative NAT techniques
at defined time points. Samples containing high HCV
RNA titers were stored at —20 °C and were followed-
up during approximately 2.6-2.7 years, samples with
intermediate concentrations during approximately
1 year and samples with 100 International Units/
milliliter (IU/ml) during 2.5 years. Independently
of the HCV RNA concentration, the results show
absence of decay in HCV RNA detectability. Sam-
ples stored at 25 °C maintained their HCV RNA titer
during 14 days and samples at 5 °C were stable for at
least 3 months. José et al. 2003. Similar results were
obtained for other viruses (José et al. 2005; Baleriola
etal. 2011).

In 2017, Berger et al. measured the influence of
storage time on EDTA plasma samples stored at
4 °C. As a general rule, refer to the manufacturer’s
instructions.

Another problem is the freezing of samples before
analysis. Some companies have validated their test
for freezing, but in most cases only for a certain time
and for certain ranges of temperature. In addition in
the majority of cases, they do not indicate when after
thawing the tests should be carried out or at what
temperature the samples should be stored between the
thawing procedure and the laboratory analysis. It is
also important to validate if or how many freeze/thaw
cycles on samples can be allowed. All these items
should be discussed between the tissue establishment
and the laboratory and be specified in the convention
document between the parties concerned.

Variables related to dilution
Haemodilution

If transfusion or infusion of fluids (blood prod-
ucts, colloids and/or crystalloids) was performed
shortly before donation, haemodilution may lead to a
decreased detectability of the antibodies or antigens
in the donor blood and possibly to false-negative
results. An algorithm is applied to evaluate the degree
of haemodilution (Kitchen et al. 2013). The EDQM
states that it is current practice in a number of coun-
tries to consider 50% calculated haemodilution to be
the maximum allowable to minimize the risk of a
false-negative test result due to serum dilution.
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Examples of the need of a haemodilution calcula-
tion include:

e Ante-mortem blood sample collection: if blood,
blood components and/or colloids were admin-
istered in the 48 h preceding blood sampling, or
if crystalloids were infused in the hour preceding
blood sampling;

e Post-mortem blood sample collection: if blood,
blood components and/or colloids were admin-
istered in the 48 h preceding death (circulatory
arrest), or if crystalloids were infused in the hour
preceding death (circulatory arrest).

We refer to EDQM 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:

a. Estimate TPV of donor (weight in kgx40 mL/
kg; or, weight in kg +0.025);

b. Estimate TBV of donor (weight in kgx70 mL/
kg; or, weight in kg+0.015);

c. Calculate total blood (mL) received in the last
48 h (A);
Calculate colloids (mL) received in last 48 h (B);

e. Calculate crystalloids (mL) received in the last
1'h (O);

f. Add B+C and compare to TPV (fluid volumes
are compared);

g. Add A+B+C and 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.

Exceptionally, a tissue establishment may accept
tissues and cells from a donor with plasma dilution
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of >50%, but only if each required test has been vali-
dated appropriately for use with a diluted test speci-
men. In such cases, to help reduce risk, additional
testing should also be performed using molecular
tests (i.e. NAT) for HIV, HBC and HCV, and possibly
for other viruses, depending on the donor’s travel his-
tory, underlying disease or other factors.

The collected blood can also be diluted if the
sample 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 and within diagnostic window of
the tests applied can result in transmission of infec-
tious agents to the donor.

Pooling samples

Pooling of samples is common practice for NAT test-
ing in blood establishments. EDQM guide provides
guidelines for the detection limits against which the
NAT tests must be validated and describes the aspects
that are important when performing pooling.

The blood establishments work according to the
instructions of the manufacturer, and rely mainly on
the package leaflet of the manufacturer of their NAT
equipment and diagnostic reagents.

They take care to achieve the minimum limit of
detection (LOD) stipulated in the guideline, and make
sure that it is achieved even if the samples are diluted
(eg. 1/6).

Pooling of samples cannot be used in the field of
cell- and tissue banking. In general, clinical diagnos-
tic laboratories have to work on individual samples
and that is also the case for molecular tests.

Pooling is only minimally discussed in the EDQM
guide for tissues and cells, but the following state-
ment is made for pooling of samples of the same
donor: 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.

If tissue establishments outsource their biologi-
cal testing to blood establishments, they should in
accordance with national regulation stipulate in
their agreement with the blood establishment that
the serological, as well as the NAT testing has to be
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performed on strictly individual, not pooled, blood
samples.

Testing related variables
Compliance

In EU member states, Annex II of Directive2006/17/
EC, amended by Directive 2012/39/EU, speci-
fies mandatory laboratory tests and general testing
requirements for living and deceased donors of tis-
sues and cells, and requires that any such laboratory
and its tests must be accredited, designated, licensed
and/or authorised by the competent authority.

Validation of the tests

All assays used for donor testing within the EU
should be CE-marked, and more recently compliant
with the REGULATION (EU) 2017/746 OF THE
EUROPEAN PARLIAMENT AND OF THE COUN-
CIL of 5 April 2017 on in vitro diagnostic medical
devices and repealing Directive 98/79/EC and Com-
mission Decision 2010/227/EU.

Many biological tests, including serological and
molecular tests, used in the clinical laboratories are
not specifically validated for the use on cadaveric
blood samples.

Several diagnostic companies providing this type
of tests have been heard by the working group of the
SHC at two different occasions, once in the initial
phase and once just before finalisation of the SHC
advice (SHC 9525 publication date: May 2022).
There was hardly any evolution in the availability
between the start and the finalization of the advice
(over 3—4 years—delayed due to COVID-19). This
illustrates, the limited (expected) interest, from the
companies, with regard to post-mortem tests (EDQM
2022).

When a clinical laboratory is performing tests
on cadaveric blood samples, the lab should check if
the particular assay is validated for use on cadaveric
blood by the company that markets this assay. The
validation of the test should be per parameter (e.g.
HIV, HBV, HCV in case of molecular testing and
anti-HIV 1,2; HBsAg, anti-HBs, anti-HBc, anti-HCV
and syphilis serology separately) and per specimen
type (e.g. EDTA plasma, serum) used.

Testing on other specimen types than blood-derived
is in this particular setting not applicable. In case the
test is validated for use on cadaveric blood samples for
the sample type by the manufacturer of the assay, the
verification procedure in the clinical laboratory should
be in accordance with its quality system. It is responsi-
bility of the clinical laboratory to use appropriate tests
and implement them within existing quality system.

In case the test is not validated for use on cadav-
eric blood samples by the manufacturer of the assay,
the clinical laboratory should perform a validation
specifically for cadaveric blood samples. Examples of
validation of techniques versus tests e.g. the Siemens-
BEP-III automation system have also been published
(Kalus et al. 2013).

The approach to verify or validate analytical tests
will depend on whether test systems and kits, certified
as compliant with the EU In Vitro Diagnostic (IVD)
Medical Device Directive, are used or in-house devel-
oped analytical tests. In all cases, the validation plan
should take into account the variety of sample types
and materials to be tested, as there may be substances
present that interfere.

Verification studies should be done to demonstrate
that the performance of the IVD kit or test system,
as used in the establishment for HBM, meets the
expected specification. If using Pharmacopoeia meth-
ods, 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, interferences, lin-
earity, limits of detection, stability, and verification
of the reference values of the own population. The
uncertainty of measurement should be established
and quoted with subsequent results. For qualitative
tests, specificity and sensitivity are the key criteria.

In-house developed analytical tests must be vali-
dated. The acceptance criteria should consider true-
ness (bias), precision, analytical sensitivity, analytical
specificity, linearity, stability, diagnostic specificity,
diagnostic sensitivity and verification of the reference
values of the own population.

Agreement between tissue establishment
and laboratory

As mentioned before, it is very important to have an
agreement between the establishment for HBM and
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the laboratory that performs the serological and NAT
testing, (regardless of whether the laboratory is inter-
nal to the institution or external to it). It may be useful
to also involve the transplant centre in the agreement.

Because of the lack of unambiguous literature data
and universal guidelines in this regard, and because
of the major operational differences between the
clinical labs that perform these tests, it is important
that the content of such an agreement is discussed in
detail with the concerned laboratory.

This agreement must include at least the follow-
ing elements, but should not necessarily be limited to
them:

e The type of cell or tissue donor (living vs
deceased),

e The fact that it is often not possible to obtain a
new sample,

e The minimal sample volume required,

The priority of the tests to be performed, in the
event of limited volume,

e The collection conditions (centrifugation, type of
tubes, labelling (incl. anonymisation,...),

e The transport conditions (interval time, tempera-
ture, packaging, time of delivery),

e Information about the performed tests, their CE
marking, their validation, frequency of perfor-
mance, time to response, ...,

e Performance of tests on individual samples, no
pooling,

e Reporting and documentation (formatting) of the
test results (Padalko et al. 2018; SHC 2016; e.g.
results of microbiological cultures, etc.),

e The people who are responsible for selecting the
tests to be performed,

e The licensing/certification/accreditation of the lab
according to the relevant regulatory frame,

The cost and the billing of the tests,

The transmission of (as soon as possible in the
event of positive) tests to the establishment of
HBM and/or other involved stakeholders (e.g.
transplant centre).

Additional tests
Depending on factors like individual occupa-

tional/travel history and specific current or past
clinical abnormalities of the donor as well as the
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epidemiological situation, the decision can be made
to carry out other optional tests. These may include
screening for (tropical) infections such as malaria,
trypanosomiasis 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. Scientific evidence for risk factors is provided
by ECDC. Additional (preliminary) consultation of
(specialized) testing laboratories may be advisable.

Archived samples

Archived samples may be used for several purposes:
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 there are no national
requirements, a risk-analysis-based decision should
be performed to decide if, and for how long, archived
samples must be retained.

Conclusion

Pre-analytical variables refers to any and all proce-
dures that occur during sample collection, prior to
sample analysis. This involves patient identification,
physical sample collection, sample transportation/
storage to the testing site and sample preparation/con-
ditioning. Pre-analytical errors account for 32-75% of
laboratory errors (Bonini et al. 2002). The most com-
mon sources of error are related to: sample source
(accurate identification of both patient and sample);
processing methods (problems such as haemolysis,
undue clotting in the blood tube, insufficient sample
draw volume and modification of analyte concentra-
tion); data handling; wrong sample/label and sample
handling. Since activities in the pre-analytical phase
are neither performed entirely in the clinical labora-
tory nor under the control of laboratory personnel,
they are harder to monitor and to improve from inside
the performing clinical laboratory.

Considering the possible impact of the above
mentioned preanalytical variables on the interpre-
tation and reporting of the tests in donors of HBM,
it is very important to address these issues in detail.
Therefore, these are fundamental elements of a cell
and tissue establishment’s quality system and should
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be discussed with the laboratory (ies) undertaking
tissue-donor testing, especially when post-mortem
samples are concerned. They should be described in
detail in a service-level agreement (SLA) between
the establishment for HBM and the laboratory that
performs the serological and NAT testing. A list is
provided with the elements that should minimally be
included in this agreement.
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