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A B S T R AC T
Objective: To assess the presence of hepatitis B surface antigen, one of the serologic markers
of hepatitis B virus (HBV) infection, in postmortem blood samples from autopsy cases using
ELISA, and to compare the results with those obtained by PCR, which is the gold standard
method in assessing HBV infection.
Methods: The HBV test results of the blood samples from 880 autopsy cases determined in our
laboratory, were retrospectively studied.
Results: When compared with the gold standard method PCR, the sensitivity and specificity of
postmortem ELISA were 100% and 84.1%, respectively.
Conclusions: The increasingly used molecular diagnostic methods, such as PCR, should be
used in cases where serological tests remain insufficient.We think that prospective studies
on the comparison of ELISA and PCR assessment of postmortem blood samples with larger
material should be carried out.

1. Introduction
Hepatitis B virus (HBV) infection, which is prevalent in the
world, is also prevalent in Turkey, with middle endemicity. The
seroprevalence studies in Turkey have shown a seropositivity of
hepatitis B surface antigen (HBsAg) ranging from 0.8% to 14.3%
and of anti-HBs ranging from 20.6% to 52.3%[1-3].
The diagnosis of HBV infection is generally made by assessing the
viral antigens (HBsAg and hepatitis B e antigen) and/or antibodies
[anti-HBs, hepatitis B e-antibody and hepatitis B core antibody
(IgM-IgG)] in the patient serum. HBsAg is the most frequently
used basic marker of HBV infection[4]. Although the HBV tests are
also used for assessing postmortem sera, the use of these tests for
postmortem sera have not been validated until the present time.
There is very limited data on the performance of these tests, and
hence, false-positive results may be obtained. The kit manufacturers
have stated that there is a limited number of studies on the validity
of the FDA-approved diagnostic kits used for antigen and antibody
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assessments[5].
The non-specific positivity of antigen-antibody in postmortem
blood samples can be reduced to a minimum by using appropriate
screening algorithms. If one single screening test is used for
determination of antigen or antibody, a confirmation test should
absolutely be made, too[6]. As far as we know, this study is the first
in Turkey on the postmortem assessment for HBV infection.
The purpose of this study was to assess the presence of HBsAg,
one of the serologic markers of HBV infection in postmortem blood
samples from autopsy cases using the ELISA and to compare the
results with those obtained by PCR, which is the gold standard
method in assessing HBV infection.

2. Materials and methods
The results of postmortem test for HBV in 880 autopsy cases
determined in the Postmortem Microbiology Laboratory of the
Forensic Medicine Institute, Istanbul, Turkey, between the dates
of 23rd December 2010 and 26th May 2011, were retrospectively
studied. For serological testing, blood samples were drawn from the
big blood vessels (femoral artery, femoral vein, jugular vein, etc.)
of the autopsy cases. The samples that had been placed in ethylene
diamine tetraacetic acid-tubes were promptly transferred to the
laboratory. The blood samples were then centrifuged at 10 000 r/
min for 10 min and the the obtained plasma samples were assessed
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for the presence of HBsAg with ELISA using the mini VIDAS
analyzer (Biomerieux, France). The HBsAg-positive plasma samples
were then assessed with the RT-PCR for confirmation. HBV DNA
extraction was performed using the Mag 16 Viral Nucleic Acid
Extraction Kit (Fluorion, Iontek), and the quantitative HBV DNA was
determined using the HBV QNP 2.0 (Iontek) RT-PCR kit, which had
an analytic sensitivity of 10 IU/mL and a linear regression range
of 2×109-2×101 IU/mL, according to the recommendations of the
manufacturers. When PCR was accepted as the gold standard method
in assessing HBV infection, the sensitivity, specificity, and the
positive and negative prediction values of ELISA were calculated and
evaluated. The advantages and disadvantages of these two methods
in determining HBV infection were compared and discussed.
The SPSS Version 16 was used for the analysis of the obtained
data. The descriptive statistics were expressed as numbers and
percentages.
Normally, the postmortem interval (PMI, the time between death
and autopsy) is expressed as 12, 24, 48 h or other hours since the
PMIs of the autopsy cases in this study were unknown; 12 h means
autopsy on the day of death and 24 h means autopsy on the day after
the death.

3. Results

Number or percentage of cases

Of the 880 autopsy cases, 660 were males and 220 females, with a
mean age of 42.4±22.08. As already stated before, due to uncertainty,
the PMIs of the cases could not be given in detail. As shown in Table
1, 12 h means autopsy on the day of death and 24 h means autopsy
on day following the death, and 48, 72, 96, and 144 h stand for the
successive autopsy days. It was seen that most of the autopsies had
been performed on the day of death or on the day following death
(n=836, 95%). The other variables have been displayed in Figure 1.
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Postmortem ELISA test results
Sensitivity
Specificity
Positive predictive value
Negative predictive value
Prevalence (Pre-test probability)
Pre-test odds
Post-test odds
Post-test probability
Likelihood ratio for positive test result
Likelihood ratio for negative test result

Value
100.0%
84.1%
23.0%
100.0%
4.5%
0.04
0.30
23.1%
6.30
0.00

According to the results obtained, postmortem ELISA can
diagnose the presence of HBV in 100% of the cases with true HBV
infection and can differentiate 84.1% of the cases with false-positive
HBV infection from those with true HBV infection. Among cases
determined to have HBV infection by ELISA, only 23% had true
HBV infection. A hundred percent of cases determined as HBVnegative by ELISA had in fact no HBV infection. With ELISA, the
rate of true positivity of HBV infection is 6.3 times more than the
rate of false-positivity. This means that ELISA has more efficiency
in detecting true HBV-positivity than false HBV-positivity. With
postmortem ELISA, the probability of false-negative results in HBVinfected individuals is equal to the probability of detecting true
negative cases. This means that ELISA has equal potency in yielding
false-negative results in HBV-infected individuals and true negative
results.
If the probability of HBV infection before performing ELISA
is 4.5% and the probability of ELISA positiveness is 6.3%, and
if findings related to HBV infection are present after ELISA, the
real probability of an HBV infection is 23.1%. This shows that the
diagnostic value of ELISA is not very high in HBV infection.

4. Discussion
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Figure 1. The distribution of number of cases according to the PMI.

Of the 880 plasma samples tested with ELISA, 707 (80.3%) were
HBsAg-negative and 173 (19.7%) were HBsAg-positive. In 40
(23.1%) of the 173 HBsAg-positive samples, HBV DNA was positive
when tested with PCR (Table 1).
Table 1
The distribution of according to the HBsAg (ELISA) and HBV DNA (PCR)
results.
HBsAg (ELISA)
[n (%)]
Positive
Negative
Total

Table 2
The distribution of postmortem ELISA test results according to the gold
standard method:

Positive
40 (4.5)
0 (0.0)
40 (4.5)

HBV DNA (PCR) [n (%)]
Negative
Total
133 (15.1)
173 (19.7)
707 (80.3)
707 (80.3)
840 (95.5)
880 (100.0)

When PCR was taken as the gold standard method, the sensitivity,
specificity, and positive and negative prediction values of
postmortem ELISA were calculated (Table 2).

Postmortem serological tests are conducted to determine whether
the cause of death is a viral infection or not, as well as to screen
organ transplants for the presence of viral infections before
performing transplantation surgery[7,8-11]. Studies have shown that
there is a significant difference in postmortem samples obtained at
the 6th hour and those obtained at the 16th hour following death. It
has been reported that the postmortem samples for serological tests
should be obtained within 24 h of death[5,12]. In our study, most of
the cases had undergone autopsy on the day of death or on the day
following death, and therefore, most of the blood samples used for
serological tests were obtained between 12 and 24 h after death
(n=836, 95%).
The limitations in postmortem screening for infectious diseases
include insufficient quantity or bad quality of blood samples, or
samples obtained at inappropriate time intervals. The most important
problem of postmortem serological samples is their controversial
specificity. Some studies on the subject have shown higher positive
results than expected[7,9,10]. Heim et al. compared the premortem
and postmortem sera of 33 cornea donors by ELISA in terms of
HBsAg and determined false-positive results in 16 out of 33 serum
samples[7]. This study has shown that ELISA is not a reliable method
for screening postmortem sera, and that another screening method
such as determining the viral nucleic acids with PCR is required.
Another study has also suggested that serological kits used for
postmortem screening should be highly sensitive [6]. Most of the
serological kits used for postmortem studies have not been validated.
Due to loss of specific reactions, the postmortem samples show
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decreased sensitivity and increased false-negative results. Hence,
the use of appropriate screening algorithms is important in reducing
nonspecific positivity[6]. The negative result by a test used in a
standard algorithm is the evidence of the absence of infection in
postmortem cases. If the result is positive, it is suggested that the
test be repeated twice. At least, screening should be repeated with a
different antigen or antibody test of equal sensitivity or with a test of
different principle. A negative result shows that there is no evidence
of infection. However, if repeated tests are positive once or twice,
this positivity should then be confirmed with a reference sample[6].
Kitchen et al. reported that this serological screening program was
effectively used in their center[6]. Furthermore, the authors in their
study on 1 659 postmortem samples found 1 566 (94.4%) samples
negative by assessing 6 different markers and determined 12 samples
out of 93 positive samples to be true positive by utilizing more than
one screening test[6]. The performance of a screening test depends
mainly on its sensitivity and specificity. It has been reported that
the tests used for assessing postmortem samples show a decreased
sensitivity, but the important factor in screening programs is the
specificity of the test used, and that specificity of the test depends
on the quality of the experiment and the samples used. The test
specificity in postmortem screening programs is even expected to
be lower than that in blood donor screening programs[6]. Among
6 different serologic tests used, a postmortem study has found the
specificity of human T-lymphotropic virus antibody test to be 87.8%,
and with repeated tests, 44 negative samples out of the formerlydetermined 55 positive samples. Likewise, out of 19 HBsAg-positive
samples, 13 have been found to be negative when confirmed[6].
Moreover, in our study, we found that, out of 173 HBsAg-positive
samples, 133 (76%) proved to be HBsAg-negative with advanced
analysis, and when compared with the gold standard method PCR,
the specificity of postmortem ELISA was found to be 84.1%.
In some countries, the serological tests used for screening the
postmortem blood samples from organ transplant donors have
been validated by their manufacturers, but currently, these tests are
not used worldwide. Former studies have obtained higher rates of
positivity than expected in screening postmortem samples of organ
transplant donors, and this situation has been attributed to the low
specificity of the tests used[7,9-11,13,14]. On one hand, the specificity
of postmortem screening tests has been claimed to be the existing
problem, and on the other hand, the sensitivity of these tests has
been claimed to be a more important problem than their specificity.
Another study by Kitchen and Newham has screened the postmortem
blood samples of organ transplant donors in a broader spectrum[5].
They have confirmed the results by titrating the serologically positive
samples (to detect inhibition in postmortem samples) with the
postmortem blood samples of organ transplant donors or with pooled
negative serum samples of normal individuals. They have found no
statistically significant difference between the dilution curves of
the normal pooled sera and the diluted positive postmortem serum
samples[5]. No marked difference has been determined between the
sensitivities of screening tests used in live and dead organ transplant
donors. Since the serological tests used for screening autopsy cases
have not been validated, postmortem samples still cause an inhibition
in reactions due to their nature (false positivity) and decrease the
sensitivity of the tests in limited degrees.
Recent studies have concluded that the specificity of serological
screening tests is markedly lower than that of molecular tests. Many
investigators have accepted molecular screening tests as valid tests
especially for HBV, hepatitis C virus, and HIV infections[6,12,15].
We are of the opinion that molecular tests such as PCR should be
used when serological tests remain insufficient. As far as we know,
this study is the first study in Turkey which compares the results
of ELISA and PCR assessment of postmortem blood samples.
Prospective and more comprehensive studies on the subject are

213

required.

Conflict of interest statement
We declare that we have no conflict of interest.

References
[1] U
 ral O, Sayan M, Akhan S, Sumer S, Simsek F. [First case of hepatitis B
virus genotype H infection in Turkey]. Mikrobiyol Bul 2013; 47(3): 550555. Turkish.
[2] K
 ocoglu E, Tas T, Mengeloglu FZ, Karabork S, Ceylan K. Investigating
the relationship between HBV DNA levels and HBV serological
markers. Viral Hepatitis J 2013; 19(2): 54-57.
[3] O zturk TC, Guneysel O, Tali A, Yildirim SE, Onur OE, Yaylaci
S. Hepatitis B, hepatitis C and HIV seroprevalence in critically ill
emergency medicine department patients in a tertiary inner city hospital
in Istanbul, Turkey. Pak J Med Sci 2014; 30(4): 703-707.
[4] H
 abersetzer F, Moenne-Loccoz R, Meyer N, Schvoerer E, SimoNoumbissie P, Dritsas S, et al. Loss of hepatitis B surface antigen in
a real-life clinical cohort of patients with chronic hepatitis B virus
infection. Liver Int 2015; doi: 10.1111/liv.12661.
[5] K
 itchen AD, Newham JA. Qualification of serological infectious disease
assays for the screening of samples from deceased tissue donors. Cell
Tissue Bank 2011; 12(2): 117-124 .
[6] Kitchen AD, Gillan HL. The serological screening of deceased tissue
donors within the English Blood Service for infectious agents–a review
of current outcomes and a more effective strategy fort he future. Vox
Sang 2010; 9: e193-e200.
[7] Heim A, Wagner D, Rothamel T, Hartmann U, Flik J, Verhagen W.
Evaluation of serological screening of cadaveric sera for donor selection
for cornea transplantation. J Med Virol 1999; 58: 291–295.
[8] Fernandez-Rodriguez A, Ballesteros S, de Ory F, Echevarria JE, AlvarezLafuente R, Vallejo G, et al. Virological analysis in the diagnosis of
sudden children death: a medico-legal approach. Forensic Sci Int 2006;
161(1): 8-14.
[9] Wilkemeyer I, Pruss A, Kalus U, Schroeter J. Comparative infectious
serology testing of pre- and post-mortem blood samples from cornea
donors. Cell Tissue Bank 2012; 13(3): 447-452.
[10] Kucirka LM, Singer AL, Segev DL. High infectious risk donors: what
are the risks and when are they too high? Curr Opin Organ Transplant
2011; 16: 256–261.
[11] Kalus U, Wilkemeyer I, Caspari G, Schroeter J, Pruss A. Validation of
the serological testing for anti-HIV-1/2, anti-HCV, HBsAg, and anti-HBc
from post-mortem blood on the Siemens-BEP-III Automatic System.
Transfus Med Hemother 2011; 38: 365-372.
[12] Guidelines for the Blood Transfusion Services in the United Kingdom.
7th ed. Norwich: The Stationery Office; 2005. [Online] Available from:
https://www.gov.uk/government/uploads/system/uploads/attachment_
data/file/228828/0117033715.pdf [Accessed on 17th August, 2014]
[13] Ellingson K, Seem D, Nowicki M, Strong DM, Kuehnert MJ, Organ
Procurement Organization Nucleic Acid Testing Yield Project Team.
Estimated risk of human immunodeficiency virus and hepatitis C virus
infection among potential organ donors from 17 organ procurement
organizations in the United States. Am J Transplant 2011; 11: 1201–
1208.
[14] E
 dler C, Wulff B, Schröder AS, Wilkemeyer I, Polywka S, Meyer T, et
al. A prospective time-course study on serological testing for human
immunodeficiency virus, hepatitis B virus and hepatitis C virus with
blood samples taken up to 48 h after death. J Med Microbiol 2011; 60:
920-926.
[15] M
 eyer T, Polywka S, Wulff B, Edler C, Schröder AS, Wilkemeyer I, et
al. Virus NAT for HIV, HBV, and HCV in post-mortal blood specimens
over 48 h after death of infected patients-first results. Transfus Med
Hemother 2012; 39: 376-380.

