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Abstract

Background: In many forensic cases, the medical records of the deceased are not available at the time of the autopsy; therefore, no
information about the deceased’s state of health, including any infectious diseases contracted during life, is accessible. The detection of
some of the principal viral infections, such as hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus type
1 (HIV-1), could contribute to determining causes of death and interesting applications could be found in medico-legal practice, such as
occupational risk assessment. To date, accurate and sensitive serological and molecular assays capable of detecting these viruses have
been validated on biological samples taken from living beings, while their efficiency on forensic post-mortem biological samples has yet
to be thoroughly assessed. To further this aim, this study evaluated whether the nucleic acid amplification techniques (NAATs) for the
detection of viral genomes that are applied in clinical settings can be used, with the same success rate, for these latter samples. Methods:
Manual viral nucleic acid extraction processes and fully-automated amplification-based detection techniques developed in-house were
evaluated on blood samples taken during the routine autopsies of 21 cadavers performed 2 to 9 days after death. Information on HBV,
HCV, and HIV-1 seropositive status was previously known for only four of these cadavers. Results: Using automated quantitative
real-time PCR (qPCR) and qualitative PCR (end-point) analyses, it was possible to confirm the presence of viral genomes in the four
post-mortem whole blood samples with previously reported specific serological positivity. In addition, the genomes of HCV and/or HIV-
1 genomes were detected in three other blood samples with unknown serological status at the time of autopsy. Conclusions: Therefore,
our findings suggest that molecular assays may detect the presence of viral genomes in forensic post-mortem blood samples up to five
days after death. This provides an additional means of investigation that can contribute to the determination of the deceased’s cause of
death.
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1. Introduction
In forensic medicine, one of the main goals of post-

mortem examination is to establish, to the greatest extent
possible, the causes of death. Usually, to contribute to this
objective, organs, tissues, and body fluids samples are col-
lected during the autopsy to be submitted subsequently for
in-depth toxicological, histopathological, microbiological,
and genetic analyses.

In most cases, however, information on the deceased’s
health status, including any infectious diseases contracted
during life, is not available at the time of the autopsy.

Consequently, analytical methods capable of directly
detecting viral genomes in forensic biological samples
would support the establishment of the cause of death. At
the same time, they could be used as a tool to monitor
the potential risk of unreported viral infections to which
both forensic autopsy staff and those carrying out subse-
quent laboratory investigations may be exposed through di-
rect contact with infected blood samples or indirect contact

with infected autopsy equipment and devices (e.g., needles,
scalpels, or saws) [1–9].

This study focuses on several clinically relevant
blood-borne viral agents, including hepatitis B virus
(HBV), hepatitis C virus (HCV), and human immunodefi-
ciency virus type 1 (HIV-1), that may be present in forensic
biological samples collected from cadavers (e.g., of those
whose deaths were due to intravenous drug use).

Detection of HBV, HCV, and HIV-1 genomes or spe-
cific immune responses in biological samples collected
from living subjects is typically performed using well-
validated molecular methodologies and serological assays.
Since forensic biological samples are collected after death,
they exhibit different features from those obtained ante-
mortem, which could potentially result in the failure of
serological andmolecular procedures developed for clinical
purposes [10]. The progressive processes of post-mortem
putrefactive alteration are responsible for more or less ex-
tensive damage to tissues and cellular structures; for ex-
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ample, the processes of autolysis, haemolysis, and bacte-
rial contamination of blood samples occur in the early post-
mortem phases [11] with significant alterations of biolog-
ical specimens. These post-mortem phenomena may ad-
versely affect the analytical sensitivity, specificity, and re-
peatability of diagnostic methodologies used in clinical set-
tings to detect the presence of viral agents, giving rise to
misleading results and representing a limitation to their ap-
plication in the forensic medicine field [12,13].

Serological testing is currently the most extensively
used screening approach for diagnosing viral infections,
but it displays some analytical drawbacks when applied to
forensic post-mortem biological materials [12]. Autolysis,
hemolysis, and blood clotting occur in blood samples ac-
quired post-mortem and may negatively affect serum and
plasma samples and alter detectable cell structures, thus af-
fecting the analytical sensitivity and detection of antibodies
to viruses by conventional serological tests [14].

Furthermore, the data provided by serology may rep-
resent either the immune signature of a past viral infec-
tion or the consequence of a vaccination procedure, and not
necessarily an ongoing viral infection at the time of death
[15–19]. Hence, the availability of alternative screening
methodologies which are able to detect viral genomes in
post-mortem forensic biological samples could provide a
useful tool, especially if these methodologies can provide
substantially more informative results [20,21].

Nucleic acid amplification techniques (NAATs) [22–
25] represent an effective approach for this purpose. How-
ever, ad hoc analytical methods should be developed for
their forensic field applications, particularly for the phase of
pre-treatment, extraction, and purification of nucleic acids
from biological samples to obtain the removal of any PCR
inhibitors [26,27]. Although some authors have proposed
molecular methods to detect viral genomes in forensic sam-
ples, there are currently few studies documenting their use-
fulness in this field [11,28–32].

Therefore, this study, which was performed on a small
cohort of cadaveric biological samples representative of un-
selected routinely performed autopsies, aims to contribute
to the development of analytical protocols for detecting
HBV, HCV, and HIV-1 genomes through the use of spe-
cific quantitative and qualitative end-point real-time PCR
or RT-PCR.

2. Materials and Methods
2.1 Sample Collection

Post-mortem peripheral blood samples were collected
from the femoral or subclavian arteries of 21 cadavers (7
females and 14 males) who underwent autopsy examina-
tion between 2 and 9 days after death. The causes of death
ascertained through the autopsies, supplemented by avail-
able circumstantial data, were: road accidents (4 subjects);
self-induced dynamics (4 subjects); endogenous pathologi-
cal processes (4 subjects); and overdose of illicit substances

(9 subjects). At the time of autopsy, information regarding
seropositivity for HBV, HCV, and HIV-1 were only avail-
able for four of the corpses: onewas positive for HBV (even
though the documentation in possession disclosed no spe-
cific indication for the detection of HBsAg or HBsAb), one
for HCV, one for HIV-1, and one for all three viruses. No
data were available regarding any possible antiviral treat-
ment received during the patients’ lifetimes. All data re-
garding the cohort are summarized in Table 1. Blood sam-
ples collected post-mortem were identified by progressive
numbering from 1 to 21 to ensure complete anonymity. The
samples were stored at –20 °C until analysis.

2.2 Nucleic Acids Extraction Procedures
Viral genomes of HBV, HCV, and HIV-1 were ex-

tracted from post-mortem whole blood samples by manual
protocols and fully automated procedures.

Manual DNA and RNA extraction from whole blood
samples were carried out using a solid-phase extraction ap-
proach, without any sample dilution. Generally, viral nu-
cleic acid extraction protocols are validated on patients’
serum or plasma samples [33–40].

For DNA extraction, we used the NucleoSpin® Blood
kit (Macherey-Nagel) and slightly adjusted the manufac-
turer’s instructions to increase DNA purity and recovery
[41].

More specifically, the incubation time with Proteinase
K was prolonged to 1 hour, vortexing several times to im-
prove cell lysis and DNA recovery from the post-mortem
blood samples. Additionally, to enhance the final DNA
concentration, this was recovered in a final volume of elu-
tion buffer which was half of that recommended. Briefly,
200 µL of buffer B3 and 25 µL of proteinase K were added
to 200 µL of each post-mortem whole blood sample. Af-
ter incubation at 70 °C for 1 hour, 210 µL of ethanol (96–
100%) was added to each sample and vortexed for a few
seconds. The lysate was then loaded into the NucleoSpin
Blood Column placed in a collection tube to allow DNA
absorption to the spin silica membrane column during the
centrifugation at 11000 × g for 1 minute. The spin column
was washed twice, first with 500 µL of buffer BW and sub-
sequently with 600 µL of buffer B5. The flow-through col-
lected into the collection tube was discarded at each step.
After 1 minute of room temperature incubation of 50 µL
of preheated (70 °C) elution buffer BE, the purified DNA
was eluted from the spin column by centrifuging at room
temperature for 1 minute at 11000 × g.

For RNA extraction, we used the NucleoSpin® RNA
Blood kit (Macherey-Nagel) with minor modifications to
the procedure specified in the manufacturer’s instruction to
increase the RNA yield [42].

In particular, since the proteinase K-mediated lysis
was carried out at room temperature, it was extended to 30
minutes to improve blood cell lysis and, therefore, to en-
hance RNA recovery from the post-mortem blood samples.
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Table 1. Demographic and clinical characteristics of cohort.
Subject
ID

Sex Age Nationality
Time elapsed between
death and autopsy

Causes of death
Medical record;
serological tests

1 F 48 Italian 2 Overdose of illicit substances HCV RNA positive serology
2 M 32 Italian 5 Overdose of illicit substances HBV DNA, HCV RNA, and HIV-1

proviral DNA positive serology
3 M 58 Italian 2 Overdose of illicit substances HIV-1 proviral DNA positive serology
4 M 19 American 3 Overdose of illicit substances HBV DNA positive serology
5 M 82 Italian 5 Self-induced dynamics *
6 M 78 Italian 2 Road accident *
7 M 56 Italian 4 Overdose of illicit substances *
8 M 60 Italian 4 Self-induced dynamics *
9 F 59 Italian 5 Self-induced dynamics *
10 M 70 Italian 5 Endogenous pathological processes *
11 M 60 Nigerian 9 Endogenous pathological processes *
12 F 83 Italian 5 Endogenous pathological processes *
13 F 80 Italian 9 Road accident *
14 F 67 Moroccan 2 Endogenous pathological processes *
15 F 45 Italian 2 Overdose of illicit substances *
16 M 28 Italian 2 Overdose of illicit substances *
17 M 30 Italian 2 Overdose of illicit substances *
18 M 44 Italian 2 Road accident *
19 M 52 Italian 3 Self-induced dynamics *
20 M 24 Moldavian 3 Endogenous pathological processes *
21 F 43 Italian 4 Overdose of illicit substances *
*Incomplete clinical and/or laboratory history.

In addition, the elution time of the RNA from the column
was prolonged and the final volume of RNA recovery was
adjusted to achieve a higher concentration of RNA.

In brief, 200 µL of lysis buffer DL and 5 µL of Pro-
teinase K were added to 200 µL of each post-mortem whole
blood sample. The samples were placed on a shaker (TS-
100 Thermo-Shaker Biosan (LV)) at 1400 rpm for 30 min-
utes at room temperature. Then, 200µL of 70% ethanol was
added to the lysate of each sample and, after accurate mix-
ing, was transferred to the NucleoSpin RNA blood column
placed in a collection tube, and centrifuged at 11000 × g
for 30 seconds. Membrane desalting buffer MDB (350 µL)
was added to each spin column and centrifuged at 11000
× g for 30 seconds. After this step, 95 µL of DNase was
added to each spin column and kept at room temperature
for 30 minutes to achieve complete DNA digestion. The
spin column was washed three times: once with 200 µL of
buffer RB2 to inactivate the DNase, and twice with 600 µL
and 250 µL of RB3 buffer, respectively. At each phase, the
flow-through gathered in the collecting tube was discarded.
The three washes were repeated twice to ensure the elimi-
nation of any hemolysis products. To eluate the RNA, 30
µL of RNase-free water was added to the spin column and
centrifuged at room temperature for 30 seconds at 11000×
g.

After manual extraction of viral nucleic acids, the
DNA or RNA extracted from each sample was assessed

by spectrophotometric measurements using the NanoDrop
OneMicrovolumeUV-Vis spectrophotometer (Thermo Fis-
cher, Waltham, USA). The total DNA and RNA amounts
in the samples were determined as between 78.4 and 621.4
ng/µL and 24.9 and 648.7 ng/µL, respectively.

Automated viral nucleic acids extraction was per-
formed using the COBAS system. This system is a fully
automated platform that simultaneously performs the ex-
traction and purification of total nucleic acids from the spec-
imens within the sample processing module, amplification,
and the detection of extracted nucleic acids and their quan-
tification by real-time polymerase chain reaction (PCR) as-
say. By using two different fluorescent dyes, one labeled
to the specific viral genome probe and the other to the in-
ternal control (IC) probe, the COBAS system allows the si-
multaneous detection of the viral genomes and verification
that the entire process has been well performed. Because
the COBAS method had not yet been used on whole blood
samples collected from cadavers, before sample processing,
dilutions varying from 1:5 to 1:10 with phosphate-buffered
saline (PBS), optimized for each post-mortem blood sample
(Table 2) according to their degree of hemolysis [13], were
performed to reduce possible interference with inhibitors of
the PCR process due to post-mortem modification sample
phenomena [13,26,27]. All the samples were tested once (n
= 1). In case of inconclusive results, the test was repeated
(n = 2).
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Table 2. COBAS samples: PBS dilution.
Subject ID HBV DNA HCV RNA HIV-1 RNA

1 1:8 1:10 1:8
2 1:10 1:10 1:10
3 1:8 1:8 1:8
4 1:10 1:10 1:10
5 1:5 1:5 1:5
6 1:5 1:5 1:5
7 1:5 1:5 1:5
8 1:5 1:5 1:5
9 1:8 1:10 1:8
10 1:8 1:8 1:8
11 1:5 1:5 1:5
12 1:8 1:8 1:8
13 1:5 1:5 1:5
14 1:5 1:5 1:5
15 1:5 1:5 1:5
16 1:10 1:8 1:10
17 1:5 1:5 1:5
18 1:8 1:8 1:8
19 1:5 1:5 1:5
20 1:5 1:5 1:5
21 1:8 1:10 1:10

The extraction of viral nucleic acids is based on the
use of magnetic bead technology: after cell lysis has been
carried out with a lysis buffer containing Proteinase K and
chaotropic salts, the nucleic acids bind to the surface of
magnetic glass beads, and cell debris is effectively removed
from the lysate by several washing steps.

2.3 Quantitative Analysis of HBV DNA, HCV RNA, and
HIV-1 RNA in Post-Mortem Whole Blood Samples

Quantitative analysis of HBV DNA, HCV RNA, and
HIV-1 RNA was carried out using the COBAS 6800 sys-
tem (Roche, Switzerland), an accurate in vitro viral nucleic
acid quantification platform validated on plasma and serum
samples. The COBAS system provided for the fully au-
tomated extraction, amplification, and detection of the vi-
ral nucleic acid target, and was able to simultaneously de-
tect viral genomes and verify the analytical performance of
the entire process by means of probes using the TaqMan
technology and the use of an IC probe [43]. The quantita-
tive result indicated the degree of active viral load and was
expressed in standardized international units per milliliter
(IU/mL) or copies/mL.

Three specific kits were employed to amplify and
quantify these three viruses by following the manu-
facturers’ instructions: COBAS® AmpliPrep/COBAS®
TaqMan® HBV Test, v2.0 kit [44], COBAS® Am-
pliPrep/COBAS® TaqMan® HCV Quantitative Test, v2.0
kit [45] and COBAS® AmpliPrep/COBAS® TaqMan®
HIV-1 Test, v2.0 [46].

The COBAS® AmpliPrep/COBAS® TaqMan®

HBV Test, v2.0 kit can detect all eight genotypes
of HBV (A-H) with a limit of detection (LoD) of
20 international units (IU)/mL (1 IU = 5.26). The
COBAS®AmpliPrep/COBAS® TaqMan® HCV Quantita-
tive Test, v2.0 kit is characterized by a LoD of 15.3 IU/mL,
where 1 IU generally corresponds to 2.7 copies/mL and
can detect genotypes 1 to 6. The COBAS HIV-1 v2.0 assay
using two TaqMan probes simultaneously amplifies and
detects two highly conserved regions (gag gene and LTR
region) in the HIV-1 genome. The LoD was determined at
20 copies/mL.

Every kit displayed one negative sample and two spe-
cific positive samples, characterized by a high and a low
number of copies respectively. In all samples, a non-viral
Quantitation Standard (QS) was added, in known copy
numbers, in the preparation step as an internal control to
monitor the whole procedure from the extraction of the nu-
cleic acid to its quantification.

2.4 Qualitative End-Point Real-Time PCR for Detection of
HBV DNA in Post-Mortem Whole Blood Samples

Hepatitis B virus (HBV) DNA was revealed by qual-
itative endpoint real-time PCR using a fluorescent DNA-
binding dye called BRYT (Promega, Madison, WI, USA)
and a set of forward and reverse primers designed to tar-
get positions 379 to 476 in the highly conserved region
of the HBV S gene encoding the surface antigen (HB-
sAg), as previously described [47]. The primer sequences
were: HBVF 5′-GTGTCTGCGGCGTTTTATCA-3′ and
HBVR 5′-GACAAACGGCAACATACCTT-3′. After the
amplification process, an amplicon of 98 base pairs (bp)
was obtained. The amplification mix consisted of 100 ng
DNA/reaction, 12.5 µL of 2X GoTaq® qPCR Master Mix
(Promega), 0.5 µL of each primer (10 µM), and distilled
water to achieve a final volume of 25 µL. The amplifica-
tion was carried out at 95 °C for 2 minutes, followed by
40 cycles of 95 °C for 5 seconds, 60 °C for 30 seconds,
and 72 °C for 5 seconds, with a final extension at 72 °C for
7 minutes in a CFX96 Real-Time PCR Detection System
(BioRad, Hercules, CA, USA). Melting curve analysis was
performed at the end of the qPCR amplification by raising
the temperature from 60 °C to 95 °C, in increments of 0.5
°C/s. The software used for amplification acquisition was
CFX Manager (BioRad).

In parallel, the amplification of a highly con-
served region of the C-C chemokine receptor type 5
(CCR5) gene located on chromosome 3 was performed
for each sample using the following set of primers:
CCR5F: 5′-ATGATTCCTGGGAGACGC-3′ and CCR5R:
5′-AGCCAGGACGGTCACCTT-3′ [48]. The CCR5 am-
plicon size was 81 bp. The amplification mix was the same
as reported above. The amplification was carried out at 95
°C for 2 minutes, followed by 40 cycles of 95 °C for 5 sec-
onds, 60 °C for 30 seconds, 72 °C for 5 seconds, and 76 °C
for 5 seconds, with a final extension at 72 °C for 7 minutes,
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in a CFX96 Real-Time PCR Detection System (BioRad).
Single fluorescence detection was performed at 76 °C to
reveal the samples’ positivity and rule out eventual inter-
ference (i.e., primer-dimer artifacts). Melting curve analy-
sis was performed at the end of the qPCR amplification by
raising the temperature from 60 °C to 95 °C, in increments
of 0.5 °C/s. CCR5 gene amplification was used as an inter-
nal control to exclude any interference with or inhibition of
the PCR process due to haemolysis or degradation phenom-
ena resulting from post-mortem blood samples and, at the
same time, to allow the evaluation of the number of nucleic
acids present in the sample.

HBV-negative and HBV-positive blood samples were
used as negative and positive HBV controls, respectively.

2.5 Qualitative End-Point Real-Time PCR for Detection of
HCV RNA in Post-Mortem Whole Blood Samples

The total RNA purified from post-mortem whole
blood samples was reverse-transcribed to generate comple-
mentary DNA (cDNA) by using the ImProm-II™ Reverse
Transcription System kit (Promega) [49], according to the
manufacturer’s instructions.

Briefly, reverse transcription (RT) reaction mix was
prepared for each sample by adding ImProm-II™ 5X re-
action buffer, 2.5 mM MgCl2, dNTP (0.5 mM for each
deoxynucleotide), 5U of ImProm-II™ Reverse Transcrip-
tase and nuclease-free water to a final volume of 15 µL.
An aliquot of extracted RNA (4 µL) from each sample and
random primers (0.5 µg/reaction) were mixed with the RT
mix for a final reaction volume of 20 µL per reaction. The
reverse transcription reaction was started with the anneal-
ing step at 25 °C for 5 minutes, then the cDNA synthesis
continued at an extension temperature of 55 °C for 60 min-
utes and the reaction vessel was finally incubated at 70 °C
for 15 minutes to heat inactivate the ImProm-II™ Reverse
Transcriptase.

HCV cDNA was then used for the qualita-
tive endpoint RT-PCR assay using two specific
5′-non-coding regions (5′-NCR) HCV primers: 5′-
GTCTAGCCATGGCGTTAGTATGAG-3′ (77–100;
HCVP1) and 5′-ACCCTATCAGGCAGTACCACAAG-3′
(302–280; HCVP2) [33], which allowed the amplification
of a specific fragment of 226 bp.

The amplification mixture was prepared with 12.5 µL
of 2X GoTaq® qPCR Master Mix (Promega), 0.5 µL of
each primer (10 µM), 5 µL of cDNA, and distilled water
for a 25 µL final volume. The amplification program was
set up as previously described [33,50] in a CFX96 Real-
Time PCRDetection System (BioRad). Melting curve anal-
ysis was performed at the end of the qPCR amplification.
HCV-negative and HCV-positive blood samples were used
as negative and positive HCV controls, respectively.

2.6 Qualitative End-Point Real-Time PCR for Detection of
HIV-1 Proviral DNA in Post-Mortem Whole Blood
Samples

HIV-1 belongs to the Retroviridae family and exhibits
a peculiar replication cycle in which its genomic RNA is
retro-transcribed into proviral DNA by a reverse transcrip-
tase enzyme and then integrated into the host cell genome
[51–53]. This particular feature indicates two distinct ap-
proaches to recognizing the presence of the HIV genome in
clinical samples: the first is the detection of HIV-1 virions
with RNA genome in plasma (described above) and the sec-
ond is the detection of HIV-1 proviral DNA integrated into
the genome of infected cells (usually CD4+T lymphocytes
and monocytes/macrophages) in peripheral blood [52].

To determine the presence of HIV-1 proviral DNA, we
selected forward and reverse primers that anneal to comple-
mentary sequences within the long terminal repeat (LTR)
region of HIV-1, LTR1-F: 5′-TACTGACGCTCGCACC-
3′ and LTR2-R: 5′-TCTCGACGCAGGACTCG-3′. These
oligonucleotides have been previously described [48,54]
and generate an amplicon of 127 bp in size. The ampli-
fication mix consisted of 100 ng DNA/reaction, 12.5 µL of
2X GoTaq® qPCR Master Mix (Promega), 0.5 µL of each
primer (10 µM), and distilled water to achieve a final vol-
ume of 25 µL. The amplification was carried out at 95 °C
for 2 minutes, followed by 40 cycles of 95 °C for 5 sec-
onds, 60 °C for 30 seconds, 72 °C for 5 seconds, and 80 °C
for 5 seconds with a final extension at 72 °C for 7 minutes,
in a CFX96 Real-Time PCR Detection System (BioRad).
Single fluorescence detection was performed at 80 °C to
reveal the sample positivity and rule out eventual interfer-
ence (i.e., primer-dimer artifacts). Melting curve analysis
was performed at the end of the qPCR amplification by rais-
ing the temperature from 60 °C to 95 °C in increments of
0.5 °C/s. CCR5 internal control, as described above, and
negative and positive HIV-1 controls were used.

3. Results
The main goal of this study was to detect and quantify

the HBV, HCV and HIV-1 genome sequences in forensic
post-mortem blood samples using a large array of quanti-
tative and qualitative PCR/RT-PCR assays. To further this
purpose, whole blood samples collected during autopsy ex-
aminations from the femoral or subclavian arteries of 21
cadavers, between 2 and 9 days after death, were analyzed.

3.1 Quantitative Detection of HBV, HCV, and HIV-1
Genomes in Forensic Post-Mortem Blood Samples

The quantitative evaluation of HBV DNA was car-
ried out using the COBAS®AmpliPrep/COBAS® Taq-
Man® HBV Test, v2.0, which amplifies the pre-core/core
(PreC/C) region of the HBV genome. This region is one
of the four HBV open reading frames (ORFs) encoding for
both the hepatitis B e antigen (HBeAg) and the core protein
(HBcAg). Unfortunately, no amplification of the PreC/C
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Table 3. HBV DNA, HCV RNA, and HIV-1 proviral DNA detection in post-mortem blood samples by qualitative endpoint
real-time PCR/RT-PCR and by quantitative COBAS platform.

Subject ID
HBV DNA HCV RNA HIV-1 proviral DNA HIV-1 RNA

Qualitative
endpoint real-time
PCR/RT-PCR

Quantitative
COBAS platform
(copies/mL)

Qualitative
endpoint real-time
PCR/RT-PCR

Quantitative
COBAS platform

(IU/mL)

Qualitative
endpoint real-time
PCR/RT-PCR

Quantitative
COBAS platform
(copies/mL)

1 - - + 180 - -
2 - - - - + 1290
3 - - - - + 904
4 - - - - + 3130
5 - - - - - -
6 - - - - - -
7 - - - - - -
8 - - - - - -
9 - - - - - -
10 - - - - - -
11 - - - - - -
12 - - - - - -
13 - - - - - -
14 - - - - - -
15 - - - - - -
16 - inconclusive - - - -
17 - - - - - -
18 - - - - - -
19 - - - - - -
20 - - - - + 1215
21 - - + 6780 + 780

region of HBV was observed in 20 out of 21 samples (Ta-
ble 3), including two samples with ante-mortem HBV pos-
itive serology. Even after adequate dilution of the samples,
inconclusive results were obtained for sample 16, which did
not exceed the amplification of the COBAS system’s inter-
nal control.

HCV viral RNA quantification was performed us-
ing the COBAS® AmpliPrep/COBAS® TaqMan® HCV
Quantitative Test, v2.0 kit. HCV positivity was detected
in samples 1 (with positive serology already known during
life) and 21 (180 and 6780 IU/mL respectively), as shown
in Table 3. In contrast, sample 2 (with a known positive
serology) resulted in a negative result for HCV viral RNA
quantification in the post-mortem sample.

To determine HIV-1 genomic RNA, the COBAS®
AmpliPrep/COBAS®TaqMan®HIV-1 Test, v2.0 was used
in properly diluted post-mortem blood samples. This as-
say detected genomic HIV-1 RNA in 5 out of 21 specimens
(numbers 2, 3, 4, 20, and 21) ranging from 780 to 3130
copies/mL (Table 3), for two of which (number 2 and 3) the
patients were known to be HIV-1 seropositive during life.

3.2 Qualitative Detection of HBV, HCV, and HIV-1
Genomes in Forensic Post-Mortem Blood Samples

Viral nucleic acid was extracted from post-mortem
whole blood samples after minor modifications were made

to manufacturers’ instructions and were analyzed using the
qualitative end-point real-time PCR method, based on the
BRYTmolecule that binds dsDNAwith the subsequent flu-
orescence emission.

Detection of HBV DNA in post-mortem blood sam-
ples based on qualitative PCR analysis was negative for
all 21 specimens, including the two samples with HBV-
positive ante-mortem serological status (Table 3). Ampli-
fication curve analyses were negative for all samples, in-
dicating the absence of detectable HBV DNA in the blood
samples even though the CCR5 amplification control was
positive in all specimens, excluding the presence of PCR
artifacts.

Positive amplification curves for the HCV RNA
genome were detected by qualitative assay in 2 out of 21
blood samples (numbers 1 and 21; as shown in Fig. 1 and
Table 3). These results were also confirmed by quantitative
COBAS data.

HIV-1 proviral DNA genomewas determined by qual-
itative end-point real-time PCR in post-mortem blood sam-
ples, using the same total DNA extraction protocol em-
ployed for HBV DNA detection. A positive amplification
curve was detected in 5 out of 21 samples (numbers 2, 3, 4,
20, and 21; as shown in Fig. 1 and Table 3), even though
HIV-1 ante-mortem seropositivity was only reported for 2
out of 5 samples (numbers 2 and 3).
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Fig. 1. Real-time detection of HCV RNA and HIV-1 proviral DNA positive controls and samples by RT-qPCR. (A) HCV RNA
amplification curves of the positive control, negative control, and samples 21 and 1. (B) HIV-1 proviral DNA amplification curves of
the positive control, negative control, and samples 2 and 3.

4. Discussion
HBV, HCV and HIV-1 infection diagnosis in cadavers

is currently performed through serological tests which are
able to detect the specific antibodies and/or viral antigens.
However, these procedures have some drawbacks when ap-
plied to forensic post-mortem biological materials [12]. In
particular, serological data may represent either the immune
signature of past viral infection or the consequence of a vac-
cination, and not necessarily an ongoing viral infection at
the time of death [15–19]. It is noteworthy that the blood
collected from cadavers shows putrefactive and transforma-
tive phenomena due to the cause of death, the environmen-
tal conditions, and the elapsed time. These phenomena lead
to the degradation of the proteins and macromolecules, af-
fecting the analytical sensitivity and detection of antibodies
to viruses [14].

Since the efficiency of the nucleic acid amplification
technique as applied to forensic post-mortem biological
samples had yet to be thoroughly assessed, in this study we
investigated whether the qualitative and quantitative real-
time PCR/RT-PCR approaches used routinely in clinical
settings to detect HBV, HCV, and HIV-1 genomes in blood
samples taken from patients and the blood, organ, and tis-
sue of living or deceased donors (transplantation), may be
used for the same purpose when applied to forensic blood
samples taken from a cadaver.

The quantitative determination of the HBV, HCV, and
HIV-1 genomes in the post-mortem whole blood samples
was carried out by quantitative real-time PCR using the
COBAS platform. Initially, this analytical platform showed
inhibited amplification due to the haemolysis of the tested
blood samples. All blood samples were therefore variably
diluted with buffer PBS to overcome the failure of inter-
nal control amplification. These data confirm several pre-
vious studies indicating that the dilution of post-mortem
blood samples by PBS is mandatory for successful ampli-
fication [13,26,27,30,32,55]. Unfortunately, some samples
displayed a failure of internal control amplification, and we
thus carried out qualitative PCR/RT-PCR procedures used
in research and clinical study for the detection of HIV-1

proviral DNA, HBV DNA, and HCV RNA genomes. A
substantial agreement between the qualitative and quanti-
tative data acquired with the qualitative endpoint real-time
PCR and the quantitative real-time PCR methods was ob-
served.

Interestingly, we observed a discrepancy between
ante-mortem serological analysis, as reported in medical
records, and molecular methods with regard to HBV and
HCV detection. Since the serological analysis in HBV in-
fection diagnoses is related to chronic infection only when
specific combinations of HBV serological markers are re-
vealed, the detection of HBV DNA in blood by qualita-
tive/quantitative molecular approaches expresses the def-
inite presence of the viral genome in the blood sample
and, therefore, an actual condition of active viral infec-
tion. Given that acute HBV infection resolves sponta-
neously in most adults (about 95%) [56], it is not surprising
that a difference may exist between a positive HBV ante-
mortem serological report and the failure of post-mortem
HBV genome detection. To explain the discrepancy be-
tween HCV ante-mortem serology and post-mortemmolec-
ular results, it is important to mention that positive HCV-
specific serological detection is not necessarily linked to
chronic HCV disease and the presence of the HCV genome
in blood samples [57]. In two samples we detected the HCV
genome using the quantitative and qualitative HCV-specific
real-time RT-PCR and classical RT-PCR methods, respec-
tively. Interestingly, RNA molecules undergo a consistent
and relatively rapid decay after death [13,26,27], with a
clear decrease of RNA in blood samples after only 24 hours
[23], because cellular RNAse elicits the fast degradation of
this nucleic acid. The ability of molecular procedures to
detect some positive samples may be related to viral struc-
ture; in fact, the capsid protein shell may prevent RNA
degradation for a relatively long time by isolating the nu-
cleic acid from the external environment. This possibility
has been confirmed in some studies in which several viral
RNAs were preserved in the virion protein structure and de-
tected using the RT-PCR for some days [58–63].

HIV-1 genome detection can be performed either
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through the detection of the RNA genome in plasma or
through the detection of the proviral DNA in peripheral
blood mononuclear cells (PBMC). The choice of qualita-
tive PCR to detect HIV-1 proviral DNA rather than genome
RNA in forensic blood samples collected from cadav-
ers was a result of several considerations: firstly, DNA
molecules are less susceptible than RNA to post-mortem
alterations, resulting in a better chance of detecting HIV-
1; secondly, HIV-1 infected patients are generally treated
with combined antiretroviral therapy (cART), and as a re-
sult, the blood HIV-1 RNA load may be below the detec-
tion limits of current RT-PCR techniques [49], while HIV-
1 proviral DNA is still detectable in the integrated viral
DNA of infected cells (CD4+T lymphocytes and mono-
cytes/macrophages) [58,64,65].

It is noteworthy that even the detection ofHIV-1 provi-
ral DNA and viral RNA using qualitative end-point PCR
and the COBAS technology, respectively, on the same post-
mortem blood samples resulted in complete concordance.
Interestingly, the elapsed time between death and the col-
lection of post-mortem blood samples did not affect the pos-
sibility of detecting viral genomes by different molecular
methods, for at least up to 5 days after death (Table 1). It
should be underlined that HIV-1 as RNA and proviral DNA
was detected in blood samples taken from cadavers 2 to 16.5
days after death [66,67].

A final aspect of this research is related to the preva-
lence of viral genome detection among drug users. Viral
genomes related to HCV and HIV-1 were identified in 5 of
9 blood samples taken from deceased drug users, suggest-
ing that there is a real risk of contracting a viral infection
for operators during autopsies.

In conclusion, the molecular procedures may be use-
ful for the detection of viral infection in forensic sciences
as an additional method with respect to serological analy-
sis. The automatic quantitative COBAS platform may be
considered to be a valuable technique for the determination
of the presence of viral infections such as HIV-1, HCV and
HBV. However, a second approach represented by quali-
tative PCR/RT-PCR may be useful both to analyze samples
with inconclusive COBAS results due to the failure of inter-
nal control, and as an alternative method which can be used
to reinforce and confirm COBAS results. Moreover, the un-
expected detection of viral genomes in our sample cohort,
highlighted by the use of these molecular platforms, em-
phasizes the importance of molecular analysis techniques
as support for analytical investigation in this specific con-
text.

5. Conclusions
In this preliminary study, attention was focused on

evaluating the use of molecular technologies to detect viral
genomes in forensic samples. Substantially, the manual and
fully-automated methods used in this study to reveal HBV,
HCV, and HIV-1 in forensic post-mortem blood samples

represent a valuable approach for use in forensic sciences.
Undoubtedly, our results are derived from a low num-

ber of samples and, therefore, further investigation should
be performed on a broader set of samples.

However, these findings suggest that by developing
appropriate viral nucleic acid extraction and forensic bio-
logical sample pre-treatment protocols (such as dilution for
the COBAS platform), the nucleic acid amplification tech-
niques, calibrated to specific viral genomic targets, can be
successfully used, proving to be reliable for the detection of
viral genomes in forensic post-mortem blood samples up to
5 days after death.

These molecular techniques could therefore play a
pivotal role in forensic science and contribute to the mon-
itoring of potential infection risks for forensic operators,
thus improving their safety at work.
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