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Abstract

Natural changes that occur in blood and tissue after death may result in false positive results in antigen and
antibody detection tests performed to identify markers of viral infection in potential tissue donors. Such
tissue, which might otherwise be acceptable for therapeutic purposes, would not meet current standards for
safe tissue banking. This is especially important in the context of insufficiency in the tissue supply. In this
study, a series of blood samples collected during routine post-mortem examination was assayed using a
range of commercially available kits for the detection of HBsAg, anti-HCV and anti-HIV 1 + 2 antibody/
antigen. Results of tests on 104 samples collected from 97 individuals indicate that some Kits result in a
higher number of initial reactive samples than others. Approximately 40% of samples were reactive in one
or more HBsAg assay, less than 10% in at least one anti-HIV kit and only 1 sample at low level on an anti-
HCYV kit. Liver or lymph node samples from individuals whose serum sample gave reactive results in
antigen/antibody assays were tested for viral nucleic acid in the corresponding nucleic acid amplification
test. Only one individual’s sample was confirmed to test positive for HBsAg in a confirmatory neutrali-
sation test and by nucleic acid amplification technology, and a second individual whose serum was scored
reactive for anti-HCV, but negative for HBsAg, had a liver sample which was HBV DNA positive and
HCV RNA negative. The results of the study indicate that antibody/antigen assays are not as specific as
NAT using state of the art DNA extraction techniques. Both types of assay complement each other and
used together will help assure the safety of tissues for transplantation.

Abbreviations: AIDS — Acquired immuno-deficiency syndrome; GZ — Grey zone; HBsAg — Hepatitis B
surface antigen; HBV — Hepatitis B virus; HCV — Hepatitis C virus; HIV — Human immunodeficiency virus;
NAT — Nucleic acid amplification techniques; RNA — Ribonucleic acid; RT-PCR — Reverse transcriptase
polymerase chain reaction; DNA — Deoxy-ribonucleic acid
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Introduction

Cadavers are a principal source of tissues for
transplantation. It is, however, more difficult to
ensure the microbiological safety of tissue dona-
tion from such donors compared to living donors
as comprehensive medical and behavioural histo-
ries can only be obtained from third parties.
Viruses can survive in tissues preserved under
laboratory conditions for many hours after death
(Ball et al. 1991) and viral infections transmitted
by tissues and organs have been documented
(Conrad et al. 1995; Eastlund 1995; Simonds et al.
1992; Cieslak et al. 2003).

Cadaveric tissue donors may be multi-organ
heart-beating donors who also donate tissues.
There are also tissue only donors whose samples
are taken after cessation of the circulation i.e. they
are non heart-beating when the samples are
acquired. In the former situation, blood sample
quality is similar to that taken from patients or
blood donors and microbiological tests are vali-
dated for this type of analyte. In the latter case, the
analyte differs significantly as these samples may
be haemolysed or autolysed. Ante-mortem sam-
ples from cadaver donors may be suitable for
testing but may not be available.

The testing of cadaver tissue donors for viral
markers in Europe is, in principle, the same as that
applied to living tissue and blood donors (Council
of Europe 2004). However, commercial test kits
for the detection of HBsAg, anti-HCV and anti-
HIV 1 + 2 which are used for testing samples
from cadavers have generally not been evaluated
for this purpose. Two kits are currently licensed
for use with cadaver blood specimens by the US
FDA (US DHHS, FDA 2000) but these are not
available in Europe as they have been superseded
by more recent and more sensitive versions of the
test kit. Repeat reactive results in assays for which
testing is mandated, namely hepatitis B and hepatitis
C viruses and HIV 1 + 2, are found more fre-
quently with cadaver samples than with serum
samples taken from patients for diagnostic purposes
or from blood donors (Heim et al. 1999). Natural
post mortem changes affect the quality of blood and
tissue samples (due to haemolysis, autolysis etc) and
reduce the reliability of the results (LeFor et al.
1996). The false negative rate is not known.

A survey undertaken in 1998 (Stanworth et al.
2000) indicated wide variation in the test

procedures undertaken in UK laboratories testing
samples for cadaver donors. In 2002, an informal
telephone survey indicated continuing wide varia-
tion in the choice of kits used to test non-heart
beating blood analytes, none of which were for-
mally validated for this purpose. Discussions with
laboratories with extensive experience of testing
cadaver samples indicated that they had identified
problems with the performance of these kits and
undertook additional measures to improve their
performance. This included centrifugation or fil-
tration of the samples from non-heart beating
cadaveric tissue donors in an attempt to reduce the
incidence of reactive results (M Ferguson,
unpublished observations). The choice of kit is
also influenced by the laboratory’s experience with
such samples. The observations from both surveys
clearly indicated a need to investigate the sensi-
tivity and specificity of the various Kkits to identify
those with the best performance for use on samples
from cadaveric tissue donors.

Assays for antibodies to HCV and HIV 1 + 2
cannot exclude these viral infections as not all
infected individuals are antibody positive and may
be in the ‘window period’, i.e. the time between
initial infection and detection of an antibody
response (Busch et al. 1995; Kleinman et al. 1997)
and an HCV window period transmission from an
organ tissue donor has been documented (Cieslak
et al. 2003). Following transmissions of HCV by
blood products in the early 1990s, the Committee
for Proprietary Medicinal Products (CPMP) rec-
ommended that plasma for fractionation into
blood products such as albumin and factor VIII be
screened for HCV RNA (CPMP 1997). Blood
donors in the US, UK (www.transfusionguidelines.
org.uk) and many European countries are now also
screened for HCV RNA by nucleic acid amplifi-
cation technology (NAT). Similarly, HBV may be
transmitted through blood donation in the absence
of HBsAg (Meisel et al. 2003)

The post mortem degradation of the viral gen-
ome and production of ‘inhibitors’ which interfere
with the detection of viral nucleic acid, and pres-
ence of bacterial DNase and RNase may be
dependent on the time of sampling after death
(Stanworth et al. 2000). Previous studies have
indicated that when samples from known AIDS
patients taken before and after death were tested
by PCR for HIV, specificity was high but sensi-
tivity low (Burtonboye and Delloye 1996). In



another study, a significant number of samples
gave indeterminate results (failure of the internal
control) and this was probably related to the
quality of the blood (Miedouge et al. 2002).

We undertook to study non-heart beating indi-
viduals’ blood analytes in two types of microbio-
logical analyses. The first related to NAT and this
has been published (Padley et al. 2003). It dem-
onstrated that commercially produced reagents for
nucleic acid extraction are available for use in
sensitive and specific NAT tests in which the
problem of NAT inhibitors present in the sample
has been overcome.

The second part of the study considered antigen
and antibody detection tests on non-heart beating
individuals’ blood analytes and this paper deals
with these findings. This part of the study exam-
ined the effectiveness and reliability of several
different manufacturers’ kits in routine use at the
time of the survey (Stanworth et al. 2000). These
kits demonstrated a number of challenges relating
to lack of specificity. The NAT tests validated in
the first study were used to further investigate the
samples which were reactive in antibody and
antigen assays in the second study. In addition, we
extended the application of this method to tissue
samples from individuals of known HCV status
(one was HCV reactive and one was HCV
negative).

The limitations of testing non-heart beating
donor samples for antigen and antibody of the
blood borne viruses will be discussed. It is
emphasised that the study subjects were deliber-
ately not tissue donors and were not subject to the
donor selection criteria stipulated in the National
Blood Service (NBS) and UK Blood Service
Guidelines (www.transfusionguidelines.org.uk). It
is therefore not surprising that a number of coin-
cidental positive results were observed in some of
the study subjects.

Materials and methods
Samples

Approximately 10ml blood sample was taken by
milking the common iliac vein from 97 individuals
who were undergoing routine post-mortem exam-
ination. The separated serum was stored at —20 °C
or below. Liver samples were taken from all
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patients and lymph nodes from 82 patients. These
were frozen directly at —20°C in anticipation that
individuals who gave reactive results for antigen
and antibody detection markers in their serum
samples could be tested by NAT on their liver or
lymph node samples to confirm or refute the anti-
gen and antibody detection results from the serum
sample. In addition, in order to investigate whether
sample quality deteriorated when samples from
non-heart beating donors were taken at increasing
periods after death, a second blood sample was
taken approximately 24 h after the initial sample
from 7 of the original individuals.

The time of death, along with the interval
between death and placing the cadaver in a
refrigerator and the length of time the cadaver was
refrigerated before the initial blood sample was
taken, were all known for 69 individuals. Detailed
information about the timing of death and refrig-
eration was not available for the other samples but
it was estimated by the pathologists to be >24 h.
This was the minimum time required by the pa-
tient’s next of kin to participate in the consent
process and for sample retrieval. Local Research
Ethical Committee approval was obtained at
Peterborough and at St Thomas’s Hospitals for
the collection of the samples with family consent.

Antigen and antibody detection assays

A range of assay kits, most of which are currently
used by laboratories who routinely test samples
from cadavers, were included in these studies. The
HIV, 1 + 2 antibody =+ antigen, anti-HCV and
HBsAg kits are listed in Tables 1, 2 and 3
respectively. Although the target volume of blood
to be collected was 10 ml, in reality varying vol-
umes of blood sample were available from each
individual in the study. This is often the case with
cadaver donors, particularly those who have suf-
fered severe trauma. This limited the number of
assays in which the samples could be tested. Initial
reactive samples were not repeat tested due to
restrictions associated with limited sample volume.
Some manufacturer’s instructions for use include the
use of a ‘grey zone’ (GZ) to highlight samples giving
reactivity within 10-20% below the calculated cut-
off value in the assays. Such samples would normally
be considered reactive and re-tested.
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Table 1. Results of assays on HIV 1 + 2 Antibody or Antibody/Antigen detection Kkits.

Test kit Number of Number scored Percentage Percentage scored
samples tested reactive scored reactive reactive or in GZ

Abbott Murex HIV 1.2.0 GE 94/95 74 0 0 0

Biorad Genscreen p24 Aq/Ab Hiv 1/2 72375/72376 74 2 2.7 2.7

Enzygnost HIV Integral 74 0 0 0

Organon/Ortho Vironostika HIV 74 2 2.7 2.7

UniForm Ag/Ab 84138/39140
BioRad Genscreen Plus HIV Ag-Ab Access 34020 80 0 0 0
Abbott AxSym HIV 1/2 g0 3D41-22 91 5+2GZ 5.5 7.7

Table 2. Results of assays on anti-HCV detection Kkits.

Test kit Number of Number scored Percentage scored Percentage scored
samples tested reactive reactive reactive or in GZ

Biorad Monolisa Plus Anti-HCV 72318 81 1 1.25 1.25

Biorad Access EIA 34330 80 0 0 0

Abbott AxSym HCV Version 3.0 EIA 3B44-20 90 0 0 0

Table 3. Results of assays on HBsAg detection kits.

Test kit Number of Number scored Percentage scored Percentage scored
samples tested reactive reactive reactive or in GZ

Abbott /Murex HBsAg GE34 82 6 +1GZ 7.3 8.5

Biokit Launch HBsAg colour 3000-1131 71 2 2.8 2.8

Biorad Monolisa Ag HBs Plus HBsAg 72313 81 10 + 2GZ 12.4 14.8

Beckman Coulter Access EIA 34220 78 5+ 8GZ 6.4 16.7

Abbott AxSym HBsAg MEIA 7A40-77 76* 25 +7GZ 33 42

*+15 samples rejected by system and unable to be tested GZ = grey zone — would normally be retested

Confirmatory testing was undertaken on two
samples which gave reactive results in all 5 HBsAg
detection assays. The test performed to confirm
HBsAg reactivity was the Murex HBsAg neutral-
isation test kit GE37, used in conjunction with the
Abbott /Murex HBsAg GE36 assay kit. No other
confirmatory antigen/antibody testing was under-
taken on samples which were reactive/within the
GZ for any other samples due to limited sample
volume.

Confirmatory NAT tests used on individuals
with reactive blood samples

Tissue samples from individuals, whose serum
samples were reactive in screening tests, were
assayed by NAT using the method documented by
Padley et al. (2003). Samples of liver were used in

the confirmatory tests on individuals whose blood
samples were reactive for HBsAg or anti-HCV and
lymph nodes were used to confirm the status of
individuals whose blood gave HIV antigen/anti-
body reactive results, unless this tissue was not
available.

DNA was extracted using the QlAamp DNA
Mini Kit (Qiagen, Basle, Switzerland). Nucleic
acids from serum were extracted using the blood
protocol as per manufacturer’s instructions. All
serum samples were treated with AX-matrix
(InhibitEX, Qiagen), prior to DNA extraction, to
remove inhibitors (Padley et al. 2003). Nucleic
acids from tissue samples were extracted following
the protocol described for tissues in the kit man-
ufacturer’s instructions and these were also treated
with AX-Matrix after lysing of the tissue samples
according to the kit manufacturer’s instructions.
All samples were tested with and without the



addition of a known amount of HCV, namely
plasma containing 71 TU/ml, diluted from British
Working Standard for HCV RNA (Saldanha and
Minor 1996). The One-Step RT-PCR kit (Qiagen,
Basle, Switzerland) was used for amplification of
HCV RNA.

Assays for HBV DNA utilised the same reagents
for extraction and amplification as those used for
the detection of HCV RNA. The method used to
confirm the detection of HBV DNA in positive
samples was the ARTUS RealArt, (Hamburg
Germany) hepatitis B virus LightCycler PCR
(Mannheim, Germany) kit. Assays for HIV RNA
utilised the same reagents for extraction of nucleic
acid and a nested LTR based RT-PCR was utilised
for amplification and detection of HIV RNA
(Berry et al. 2001).

Results

A database was set up to record the results of the
study and the number of samples initially scored
reactive for each marker and kit. 104 samples were
available for testing but they were not necessarily
tested in all assays as there were insufficient vol-
umes of some samples. The numbers of samples
tested in each anti-HIV 1 + 2 or combined HIV
antibody/p24 antigen assays are listed in Table 1,
in each anti-HCV assay in Table 2 and in each
HBsAg assay in Table 3. The percentage of sam-
ples which were reactive or in the GZ which would
result in the need for further testing in each assay
are also listed in each of the tables.

Fifty five out of 104 samples were tested in all
six anti-HIV 1 + 2 antibody =+ antigen assay Kkits
and five of these samples gave a reactive or GZ
response in at least one of the assays. The
remaining forty nine samples were assayed in at
least 2 of the assays and 5 of these samples were

175

reactive or within the GZ in at least one of the
assays in which they were tested. No sample was
reactive in all the assays in which it was tested.
These results are summarised in Table 4.

Sixty out of 104 samples were tested in all three
anti-HCYV assays. Only one sample gave a response
to cut-off ratio of greater or equal to 1.0 in an anti-
HCYV assay as summarised in Table 4. This sample
was scored negative in the other two anti-HCV
assays.

Fifty out of 104 samples were tested in all 5
HBsAg assays. 23 samples were reactive or in GZ in
at least one assay as shown in Table 4. However,
only two of the samples were reactive in all five
HBsAg assay kits studied. These blood samples
were from the same donor and taken at different
times after death. One of these samples was subse-
quently confirmed HBsAg positive in a neutralisa-
tion test and a liver sample was shown to be HBV
DNA positive. A further 54 samples were tested in at
least two assays and 19 of these samples were reac-
tive or in the GZ for at least one of the assays in
which they were tested (Table 4). The percentage of
reactives/GZ negatives in each assay varied from
2.8% to 42%. Seven samples were in the GZ on
testing by Access but non-reactive in all other
assays. Two samples were reactive/in GZ on the
Murex test only and one only in the Biorad test.

Nineteen samples gave reactive or GZ results
only in the Axsym test. The Axsym also rejected 15
samples as ‘untestable’ in the HBsAg assay, but
not on anti-HCV or HIV tests using the same
technology. This was despite centrifugation of the
samples prior to testing. Twelve of the samples
rejected on the HBsAg assay were non-reactive on
all other assays in which they were tested. The
times after death at which the rejected samples
were taken ranged from 14-27 h with only 2 being
taken gt24 h after death and 6 samples taken at
unknown times. For the samples reactive on

Table 4. Summary of results from 104 samples tested in anti-HIV 1 + 2, anti-HCV and HBsAg assays.

Serology tests for

in all assays

Number of samples tested in all
assays giving reactive or GZ
responses in at least one test
() = Number of samples tested

Number of samples tested in two or more
assays giving reactive or grey zone responses
in at least one test () = Number of samples
tested in two or more assays

Anti-HIV 1 + 2 5(55)
Anti-HCV 1 (60)
HBsAg 23 (50)

5 (49)
0 (44)
19 (54)
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AxSym other than the two confirmed positives, 8
were taken <24 h after death.

Paired samples taken approximately 24 h apart
were available from seven individuals. One pair of
samples from individual related to the HBsAg
confirmed positive individual (see above). The first
sample from another pair was non-reactive on
Axsym HBsAg, whereas the second sample was
reactive on Axsym but not on the other two
HBsAg assays in which it was tested. For a third
pair of samples, the first sample taken at 6 h after
death gave reactive/equivocal results in the Murex
and Access HBsAg assays whereas the second
sample taken 30 h after death showed no reactiv-
ity. For a fourth individual, both samples taken
16.5 and 39 h after death were rejected by Axsym
HBsAg but no other reactivity was observed for
these samples in any assay. It therefore appeared
that there was no increased reactivity with the
second of the paired samples. The time after death
at which the samples were taken was known for 25
samples which were reactive or equivocal on any
HBsAg detection assay kit, other than the con-
firmed HBsAg positives. Sixteen were taken <24 h
after death and nine >24 h after death.

In order to confirm the applicability of the NAT
method described by Padley et al. (2003), 40 of the
individual samples from this study described in
this paper were tested for HCV RNA using the
published method. Each sample was spiked with
an HCV RNA control (71 IU/ml) which served as
an internal extraction and amplification control.
The presence of NAT inhibitors was not detected
in any of the samples (data not shown).

The assay was then adapted and evaluated as a
confirmatory test on liver samples from two
cadavers of known HCV status from individuals
described by Padley et al. (2003). One of these was
known to be HCV positive and one known to be
HCV negative according to hospital records.
These samples were not tested for other microbi-
ological specificities. Both liver samples were taken
more than 24 h after death. An aliquot of each was
spiked with 71 TU/ml HCV virus. The HCV posi-
tive individual tested positive for HCV RNA in the
spiked and unspiked samples with no difference in
signal following AX matrix treatment. The HCV
negative donor tested negative for HCV RNA in
the spiked and unspiked samples but the spiked
sample became positive only following AX matrix
pre-treatment suggesting removal of inhibitors.

Liver samples from the 41 individuals whose
serum samples were reactive in at least one HBsAg
assay were tested for HBV DNA as a confirmatory
test only using the NAT extraction and amplifi-
cation methods described above for HCV RNA
(Padley et al. 2003). Liver samples from HBsAg
negative donors were not tested by NAT. The liver
sample from the individual, both of whose serum
samples were reactive in all HBsAg assays, and
whose HBsAg reactivity had subsequently been
confirmed positive in a neutralisation test, was
positive for HBV DNA. All of the other 40 sam-
ples were negative for HBV DNA and none dem-
onstrated inhibition in the NAT assay. These
results are summarised in Table 5.

One serum sample was reactive in an anti-HCV
assay with a response to cut-off ratio of 1.0. The
liver sample from this individual was negative for
HCV RNA (Table 5). It was, however, also
included in the HBV NAT assays along with the
liver samples from individuals whose serum sam-
ples were reactive in an HBsAg detection assay
and it was found to be positive for HBV DNA.
This reactivity was confirmed using ARTUS
RealArt, (Hamburg Germany) hepatitis B virus
LightCycler PCR kit (Mannheim, Germany).

The same nucleic acid extraction procedure was
used with lymph node samples from ten samples
tested for HIV RNA. All were negative (Table 5).

Discussion

Samples were analysed from 97 individuals
undergoing routine post-mortem examinations in
two hospitals. It had been planned that the study
would comprise 200 individuals, but due to diffi-
culties in obtaining consent from bereaved fami-
lies, the numbers of samples available were limited.
Even so, the numbers are greater or equivalent to
those included in many other studies (Novick et al.
1993 — 43 samples; Burtonboye and Delloye 1996 —
117 samples; LeFor et al. 1996 — 19 samples; Heim
et al. 1999 — 33 samples). We acknowledge that the
small numbers of samples limit the conclusions
which may be drawn from the study.

Testing of cadaver tissue donors for evidence of
blood borne viral infections raises two concerns;
false negative results with the possibility of trans-
mission of undetected viral disease and false
positive results which render donated tissues
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Table 5. Summary of results from confirmatory NAT tests on samples scored reactive or in GZ in at lease one test.

Number of samples reactive in

Serology
tests for

Number of samples
reactive or in GZ in
at least one test

HIV-1 NAT test
on lymph nodes

HCV NAT test on
liver samples

HBV NAT tests on
liver samples

Anti-HIV 1 + 2 10 (8 lymph node samples available)
Anti-HCV 1
HbsAg 41%

ND ND
0/1 11
ND 2/41

#Two samples from the same individual taken at different times after death were both reactive in all HBsAg assays.

unsuitable for use by virtue of non-compliance
with tissue banking standards. Two unsuspected
HBYV infections were detected; one sample was
reactive in all HBsAg tests employed as well as by
HBV NAT and a second was detected by HBV
NAT. The explanation for this high rate may be
that the individuals were random cases undergoing
routine post mortem examination and not poten-
tial tissue donors who had undergone a rigorous
donor selection process including documenting
medical and behavioural histories.

The Abbott Axsym system was used for anti-
HCV and anti-HIV 1 + 2 detection assays with-
out any problem. The assay for the detection of
HBsAg was included in these studies as a com-
parison with other assays even though this test kit
is not routinely used by any of the laboratories
testing cadaver samples for HBsAg in the UK
because of large numbers of reactive or problem-
atic samples previously observed with this meth-
odology (E McMahon, personal communication).
It was therefore not surprising that this assay gave
the highest proportion of initial reactive results in
the HBsAg assays. The high HBsAg reactive rate
could represent infection not detected by other kits
but is more likely to represent false positive results.
This is in line with other published reports such as
Novick et al. (1993) who also observed large dif-
ferences in reactivity in two EIA kits for the
detection of HBsAg and Lefor et al. (1996) who
observed that the number of repeatedly reactive
samples was dependent on the incubation protocol
used with the same assay Kkit.

Most of the reactive samples in this study were
obtained >24 h after death and some were likely
to have been >48 h. This is longer than that rec-
ommended for retrieval of blood samples for
testing in the Guidelines for the Blood Transfusion
Services in the UK (2002). Nevertheless, the results

of the seven paired post-mortem samples from the
same individual, separated by approximately 24 h,
did not demonstrate any systematic difference in
test results. Although two samples from the same
individual were HBsAg positive, no general con-
clusion as to retention of sensitivity and specificity
can be drawn from such small numbers.

Stanworth et al. (2000) indicated increased
reactivity in samples taken at longer periods, up to
72 h in some cases, after cessation of circulation.
Tissue banks which permitted long periods bet-
ween cessation of circulation and sampling, gave
rates of reactive results as high as 40% for HBsAg.
However, this may have also been associated with
the assay kits used by the test laboratories, on the
conditions during the transportation or storage of
the samples. Degradation of samples resulting in
problems in antigen and antibody detection assays
may be indicative of similar degradation in tissues
donated for transplantation and it is accepted best
practice to obtain samples and tissues as soon as
possible after cessation of circulation so that the
interval between death, sampling for blood for
microbiological testing and tissue collection is
minimised to ensure quality of both samples for
testing (Stanworth et al. 2000) and of the retrieved
tissue for transplantation Martinez and Malinin
1996).

Although we have shown that the HBsAg
detection assays used in this study will detect
highly reactive HBsAg carriers, we have also
demonstrated high rates of false reactivity for
HBsAg and HIV. This confirms that cadaveric
samples taken from non-heart-beating donors
perform badly compared to samples from living
donors in antigen and antibody assays for HBsAg,
anti-HCV and anti-HIV (Dow 2000). The impli-
cations of this are loss of therapeutic tissue in the
context of tissue insufficiency for recipients. In
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other circumstances, heart beating blood samples
may be available for cadaver tissue donors,
e.g. where blood samples are from brain-stem dead
multi-organ donors on life support systems, whose
tissues are also subsequently donated or from
samples taken for diagnostic purposes prior to
death and stored in hospital laboratories. Highly
sensitive assay systems which are used for screen-
ing blood donors may be used on the ante-mortem
(heart beating) samples when available, as long as
they conform to quality system requirements for
labelling/identification and are not plasma-diluted
(Eastlund 2000). However, these assay systems
may reject blood samples from non-heart beating
donors.

Since the transmission of HCV by tissue and
organs from an infected antibody-negative donor
(Cieslak et al. 2003), it has become apparent that
tests for HCV RNA should validated using
cadaveric blood samples taken at different times
after death so that such tests can be considered for
routine implementation. We have demonstrated in
just 2 individuals that liver samples can also be
used for the detection of HBV and HCV. These
tests included the addition of a standard amount
of HCV to one of two replicate samples prior to
extraction and amplification of viral nucleic acid
and they corroborate the more extensive studies
described by Padley et al. (2003) demonstrating
the validity, sensitivity and specificity of NAT and
that state of the art nucleic acid extraction proce-
dures and NAT testing could now be applied to
cadaver samples, even in samples taken >48 h
after death.

At some stages of the disease it is possible that
individuals may be anti-HCV positive but HCV
RNA negative (Dow etal. 1996). In some
instances this may be because the donor has
cleared the infection or be infected with a genotype
which is less well detected in the NAT assay. It is
therefore still not possible to dispense with all
antigen and antibody detection assays to eliminate
false reactivity even though most NAT assays now
incorporate the use of internal controls into the
extraction procedure to ensure lack of inhibitors.
Although it may be considered that such donors
carry only a remote risk of being infectious, the
risk benefit of using tissues for transplantation
means that every precaution must be taken.

The specificity and sensitivity of NAT for cad-
aver donors has been demonstrated (Padley et al.

2003), but the analysis of the antigen/antibody
assays of kits in use in the UK has not been able to
demonstrate the same comparable specificity. The
use of both antigen and antibody detection com-
bined with NAT assays may add to safety, albeit at
extra cost, and would bring testing of tissue donors
into line with testing of blood donations. How-
ever, it continues to be necessary to use donor
selection criteria (Eastlund 1995) to assure the
safety of cadaver tissues for transplantation.
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