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A B S T R A C T

Background: Tissues from cadaveric donors are used in several clinical circumstances, and the transmission of
infectious diseases has been reported. Cadaveric donor (CD) blood sample analysis is challenging due to its poor
quality. However, studies have demonstrated the usefulness of molecular based methods, and the lack of studies
using available commercial molecular tests was reported.
Objective: The aim of this study was to evaluate the performance, specificity, sensitivity, and accuracy of dif-
ferent commercial molecular tests for HIV and HCV detection and quantification in CD through spiked samples.
Study design: 20 CD and 20 blood donor samples were tested using 1,000 copies/mL and 1,000 IU/mL of lyo-
philized standards of HIV and HCV, respectively. Samples were analyzed by different molecular kits: XPERT HCV
Viral Load and HIV-1 (Cepheid), COBAS® TaqMan® HIV-1 and COBAS® TaqMan® HCV Test, v2.0 (Roche), and
artus® HI Virus-1 QS-RGQ and artus® HCV RG RT-PCR Kit (Qiagen).
Results: HIV and HCV in CD were detected by RT-PCR-based quantitative kits. The tests performed by the
Cepheid and the Roche kits showed the most accurate, sensitive and specific results, however, a wide variability
between the assays and kits was observed. The Qiagen kits did not demonstrate satisfactory results.
Conclusions: CD evaluation showed great variability. The Cepheid and Roche kits were more sensitive for de-
tecting HIV on CD and Cepheid was the most efficient kit for HCV quantification in CD. The Roche and Cepheid
kits can be used to screen tissue donors for HIV and HCV.

1. Background

Tissue banks evaluate potential donors with several serological
screening tests for infectious diseases. These tests can vary according to
the tissue and the patient’s origin, including risk for endemic infectious
diseases [1–5]. Despite the rigorous microbiological and viral screening
of tissue donors, transmission of infectious diseases has been reported
[6–10], such as cytomegalovirus, rabies, prion disease, hepatitis B
virus, hepatitis C virus (HCV), and human immunodeficiency virus
(HIV).

Several analytical methods can be performed in tissue donors
samples for HIV and HCV diagnosis, including testing for antibodies,
antigens and nucleic acids (NAT) [4,11–14]. All these tests are specific
and sensitive; however, NAT and other molecular-based methods can
detect the viruses sooner than antibody and antigen tests, increasing the
safety of the donated tissues [4,5,15–18].Cadaveric serum and plasma
specimens are usually collected after circulation and are often of poor

quality. This is due to effects of hemolysis, hemodilution, autolysis,
bacterial growth, and other factors, which can interfere in im-
munological tests (antigen and antibody) [18].

2. Objectives

Considering the shortage of available tests for cadaveric specimens
that are developed, validated for use and standardized in Brazil, the aim
of this study was to evaluate the specificity, sensitivity, and accuracy of
different commercial molecular tests for the detection and quantifica-
tion of HIV and HCV in peripheral blood samples from cadaveric donors
through spiked samples.
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3. Study design

3.1. Experimental study design

The definition of cadaveric tissue donors used the Brazilian criteria
established by regulatory agencies [19]. This study was approved by
the Ethics Committee of Pontifícia Universidade Católica do Paraná
(approval number 83,139,718.5.0000.0020). All samples were ob-
tained after donor or family authorization. A total of 20 samples from
cadaveric donors and 20 samples from blood donors were collected
from April/2018 to October/2018 and stored at −80 °C until testing
(Fig. 1).

3.2. Sample collection, storage and organization

Peripheral blood samples from 20 cadaveric tissue donors were
collected (after authorization) into serum tubes (Vacutainer®, BD
Biosciences, San Jose, CA, USA) and in EDTA K2 tubes for plasma
(Vacutainer®, BD Biosciences, San Jose, CA, USA). In this group, 20
samples were spiked with 1000 copies/mL HIV, 20 samples were spiked
with 1000 IU/mL HCV, and 10 samples were not spiked and used as
negative controls for both HIV (5 samples) and HCV (5 samples). For
HIV tests, only the plasma aliquots were used, while the HCV tests were
performed using serum aliquots (except when using Qiagen kits, which
used plasma for both tests, see below).

In addition, peripheral blood samples from 20 blood donors were
collected after informed consent. The peripheral blood samples were
collected into serum and plasma tubes. In this group, 10 samples were
spiked with HIV, 10 samples were spiked with HCV, and, as above, 10
samples were not spiked and used as negative controls for both HIV (5
samples) and HCV (5 samples). For HIV tests, only plasma aliquots were
used, while HCV tests were performed with serum aliquots (except for
Qiagen kits, which used plasma for both tests, see below).

For both groups (cadaveric and blood donors), the tubes were
homogenized according to the manufacturer's recommendation and
centrifuged at 3500 × g for 15min at room temperature, according to
Gubbe et al. [14]. One mL aliquots were stored at −80 °C. Fresh sam-
ples (immediately processed and analyzed after collection) from both
groups were previously tested for HIV and HCV by two distinct stan-
dardized routine serological methodologies (immunoenzymatic assays,
4th generation) and NAT, with the aim of excluding contaminated
samples (Fig. 1).

3.3. Characteristics of molecular detection kits

Tests were performed according to the manufacturer’s instructions
for use (IFU), using six different kits commercialized in Brazil. XPERT
HCV Viral Load (Cepheid, Sunnyvale, CA, USA), XPERT HIV-1
(Cepheid, Sunnyvale, CA, USA), COBAS® TaqMan® HIV-1 Test, v2.0

(Roche, Meylan, France), COBAS® TaqMan® HCV Test, v2.0 (Roche,
Meylan, France), artus® HI Virus-1 QS-RGQ (Qiagen, Hamburg,
Germany) and artus® HCV RG RT-PCR Kit (Qiagen, Hamburg,
Germany). The IFU do not include instructions for specimen collection,
storage and handling of cadaveric specimens.

3.4. Spiking technique using viral standards from National Institute and
biological standards and control (NIBSC)

Viral lyophilized standards of HIV-1 RNA 16/194 (NIBSC/WHO/
2017) and HCV NAT 14/150 (NIBSC/WHO/2016) were diluted with
molecular grade water (Invitrogen, Carlsbad, CA, USA), according to
their respective IFU. Each standard was then aliquoted and stored at
−80 °C until use (Fig. 1).

The samples of plasma or sera for each group were contaminated
with 1000 copies/mL of HIV-1 and 1000 IU/mL of HCV, separately.
They were then immediately tested using the detection protocol de-
scribed below (Fig. 1).

3.5. Detection protocol using molecular detection

All tests were performed strictly according to the IFU. All kits used
the methodology based on PCR tests. Interpretation of the results was
done using the software for each kit. In addition to the spiked and
negative samples, internal, positive and negative controls were eval-
uated in each reaction to validate the reaction, according to IFU.

Sample characteristics and clinical data from each donor were col-
lected and evaluated. These included: hemolysis none, + (mild), ++
(moderate) and +++ (severe), hemodilution, fibrin clot, gender, age,
hospital of origin, city, state, use of antibiotics, cause of death, co-
morbidities, presence of infection, day and time of death, and time of
sample collection.

3.6. Statistical analyses

Results were compiled and analyzed using mean, standard deviation
(SD) and Cohen’s kappa coefficient (κ), which was calculated to mea-
sure inter-rater agreement for qualitative (categorical) items. Fisher’s
exact test was performed to correlate the sample quality and assay re-
sults. The evaluation of operational characteristics of the PCR-based
tests was made through a comparison of the results obtained using the
different kits. Sensitivity, specificity and accuracy were calculated.
Moreover, the Student’s t-test and p value concordance were also cal-
culated with GraphPad Prism 7 (GraphPad Prism Software Inc., San
Diego, USA).
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Fig. 1. Processing scheme of samples (of both groups – blood and cadaveric donors).
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4. Results

4.1. Cadaveric donors’and samples’ characteristics

Among the cadaveric donor samples, some showed hemolysis +
(n=7), lipemic characteristic (n=1) and fibrin clots (n=3). Twelve
patients were under antibiotic therapy; but sepsis or active bacterial
infection was diagnosed in only 6 donors. In two donors, hemodilution
(increased plasma volume in relation to red cells) was detected, one
donor presented increased bilirubin, and one donor had a positive
HTLV serology. None of these factors were associated with tests results
(invalidity, positive or negative results, p > 0.05). The mean time
difference between death and sample collection was 03:37 h, ranging
from 01:05 h to 11:14 h. The cadaveric donors’ mean age was 51.5
years old, ranging from 8 to 77 years old. In addition, 55% of donors
were men. Twenty five percent of donations were heart (for valves),
75% the cornea, 10% bones, and 5% skin. Samples collected from blood
donors had no alterations (such as hemolysis, lipemic characteristic, or
fibrin clots). Among the samples, 60% were from women, while 40%
were from men. All donor specimens tested for HIV-1/2 and HCV using
two distinct serological methodologies (immunoenzymatic assays, 4th

generation) and routine NAT prior to using the specimen for the study,
and one blood donor had HCV reactivity with serological methodolo-
gies, being excluded from the study.

4.2. HIV molecular detection kits evaluation

When analyzing Cepheid’s XPERT HIV-1, 19 out 20 samples from
cadaveric donors had virus detected and the viral load quantified, with
a mean quantification of 2.83 log (SD 0.13) and 703.95 copies/mL (SD
216.15). Only one sample had an invalid result (unable to obtain re-
sult), indicating that some factor inhibited the reaction. For the same
kit, 10 out 10 samples from blood donors were able to have the viral
load quantified, with a mean quantification of 2.80 log (SD 0.04) and
629.60 copies/mL (SD 68.75). None of the negative controls from ca-
daveric donors had virus detected, demonstrating 100% specificity. In
addition, the accuracy of this test for cadaveric samples spiked with HIV
was 96% (Table 2).

For Roche’s COBAS® TaqMan® HIV-1 Test, v2.0, HIV was detected
and quantified in all samples from cadaveric donors, with a mean
quantification of 2.41 log (SD 0.16) and 274.60 copies/mL (SD 90.10).
For the same kit, all samples from blood donors were quantified, and
had a viral load with a mean quantification of 2.25 log (SD 0.13) and
186.50 copies/mL (SD 55.08). None of the negative controls from ca-
daveric donors showed amplification of virus, demonstrating 100%
specificity. Additionally, the accuracy of this test for cadaveric samples
spiked with HIV was 100% (Table 2).

Qiagen’s artus® HI Virus-1 QS-RGQ had a mean quantification of
2.63 log (SD 0.52) and 690 copies/mL (SD 603.49) for cadaveric donor
samples. However, 6 out the 20 samples were invalid and 4 did not
have virus detected. In the negative controls, 3 were invalid and 2 did
not have virus detected. For the blood donors, all samples had virus
detected, with a mean quantification of 2.82 (SD 0.25) and 750 copies/
mL (SD 382.88). Moreover, all the negative controls did not have virus
detected. Due to the invalid results on the negative controls from ca-
daveric samples, the test specificity was 40%. In addition, the accuracy
of this test for cadaveric samples spiked with HIV was 48% (Table 2).

Comparing the quantitative results, the tests showed distinct results
with a statistical difference between Roche vs. Qiagen (p= 0.0028)
and between Roche vs. Cepheid (p= 0.0002). When comparing Qiagen
vs. Cepheid, no significant difference was observed (p= 0.9925).
Furthermore, the same analysis for blood donor samples demonstrated
a significant difference between Roche vs. Qiagen (p≤ 0.0001) and
Roche vs. Cepheid (p= 0.0005), however, Qiagen vs. Cepheid showed
no significant difference (p= 0.4710) (Fig. 2).

Regarding the qualitative results, an almost perfect agreement was

observed between Cepheid and Roche, while a slight agreement could
be observed between Cepheid- and Roche vs. the Qiagen kits (Table 1).

4.3. HCV molecular detection kits evaluation

The Cepheid’s XPERT HCV Viral Load could quantify all 20 cada-
veric donor samples, reporting a mean quantification of 2.50 log (SD
0.17) and 343.35 IU/ml (SD 134.36), 100% accuracy and 100% sen-
sitivity. Blood donors’ samples showed 10 out 10 detection with a mean
quantification of 2.51 log (SD 0.12) and 333.60 IU/ml (SD 84.29). None
of the negative controls from cadaveric samples had virus detected,
demonstrating 100% specificity (Table 2).

The Roche’s COBAS® TaqMan® HCV Test, v2.0 showed a mean
quantification of 2.62 log (SD 0.30) and 501.11 IU/ml (SD 308.96) for
cadaveric donor samples, however, 2 out of the 20 samples showed no
detection of virus and 2 out 20 samples showed an invalid result.
Moreover, 2 out 5 negative controls showed an invalid result, demon-
strating 60% specificity, 80% sensitivity and 76% accuracy. For the
blood donor samples, all showed quantification with a mean of 2.53 log
(0.51) and 571.28 IU/ml (SD 560.03). All negative control samples did
not have virus detected (Table 2).

For the Qiagen’s artus® HCV RG RT-PCR Kit, the cadaveric spiked
donor samples showed that 8 were invalid and 12 did not have virus
detected, while the negative controls showed that 4 were invalid and 1
did not have virus detected, demonstrating that the test had 0% accu-
racy, 20% specificity and 0% sensitivity (Table 2). For spiked blood
donor samples, the mean quantification was 2.68 log (SD 0.20) and 528
IU/ml (SD 241.33), and all negative controls did not have virus de-
tected.

The tests between brands showed no significant difference when
comparing Cepheid vs. Roche (p= 0.4104). Furthermore, the same
analysis for blood donor samples demonstrated no significant difference
among the brands; Roche vs. Qiagen (p= 0.9600), Roche vs. Cepheid
(p= 0.3090) and Qiagen vs. Cepheid (p= 0.4502) (Fig. 3) (Fig. 3).

5. Discussion

HIV and HCV in cadaveric samples could be detected by PCR-based
quantitative kits, and the tests performed by Cepheid and Roche
showed the most accurate, sensitive and specific results. However, a
wide variability between the tests and kits quantification was found.
Blood donor samples showed less variability than the cadaveric ones
when HIV was tested. These samples also showed no inhibition or false-
negative results. The Qiagen kit showed wider variability than the other
kits for HIV.

Quantitative molecular-based methods showed that the turnaround
time is short, and it is possible using these methods when using ap-
proximately 1000 copies or IU/ml. Complementary to these data, our
results with the different assays performed in this study have demon-
strated good agreement between tests [20–22]. Cadaveric samples are
known to contain inhibitory factors that may lead to invalid or false-
negative results. These include: hemodilution, increased bilirubin, he-
molysis, sepsis or active bacterial infection and viral detection and may
affect the reaction [23–25]. Similar results were observed in this study
comparing kits and samples quality, where altered cadaveric samples
showed invalid results. Qualitative and quantitative tests using living
donors and clinical samples are reported using different tests and ap-
proaches. Amendola et al., 2014 have demonstrated the ability of two
commercially available assays to quantify low levels of HIV-1 RNA,
using clinical and spiked samples from living donors [26], and the re-
sults of this work showed high accuracy and sensitivity, being able to
detect as low as 3.5 copies/mL of HIV-1 RNA with 95% of probability.

Moreover, a study for HCV RNA quantification using human plasma
and serum and NIBSC standards showed robust and reliable assays,
exhibiting high sensitivity and specificity [28]. Invalid results were
more frequent in HCV kits; however, they also occur in HIV kits. The
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inability to obtain results (detectable and quantifiable) varied ac-
cording to the brand and virus, but it was observed more times in
Qiagen kits, which showed more invalid results than the other brands.
In addition, not detected results in spiked samples were observed in
Roche and Qiagen kits, but both HIV and HCV Qiagen kits showed this
inaccurate result with more frequency.

Usually, qualitative NAT tests have been recommended to be used to
analyze cadaveric samples, which have showed higher specificity, ac-
curacy and sensitivity [14], detecting lower viral loads than

quantitative NAT tests. In Brazil, only quantitative PCR tests are com-
mercially available to detect these pathogens. However, this probably
would not change the findings, as the results observed most likely are a
consequence of the DNA/RNA purification system. The utility of the
quantitative results of these assays should be interpreted, and used only
for complementary screening. In the tissue banks, any inconclusive or
controversial result is a subject to discharge the tissues.

This study has some limitations. (i) The samples were spiked with a
viral load of 1000 copies/mL, thus, this test cannot be reliable for tests
in cadaveric donor with lower viral loads. However, in the acute phase
of HCV/HIV, where antibody-based tests can be negative, viral loads
are extremely high, reducing this limitation [29,30]. (ii) Another point
to highlight is that quantitative tests might fail in situations of elite
controllers (people who have undetectable viral load even without
treatment), but these cases would be detected by serological tests [31],
which remain mandatory for tissue transplantation. (iii) Quantitative
kits cannot be as sensitive as qualitative NAT tests. The assays we va-
lidated in this study are not used or indicated for these kinds of samples,
thus, we suggest using only when specific commercial cadaveric tests
are not available.

The evaluation and comparison of the different tests and brands
showed that the assays have a wide variability in their ability to ac-
curately and reliably provide results on cadaveric specimens. The
Cepheid and Roche kits were more sensitive in detecting HIV/HCV on
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Fig. 2. Boxplot indicating HIV (copies/ml) mean de-
tection and SD among the brands for cadaveric and
blood donor samples by Student’s t-test. For CD group
(left), all spiked samples were included (n=20) for
each test. For BD group (right), all spiked samples were
included (n=10). For CD group and for each brand,
invalid results were considered as 0.

Table 1
Cohen's kappa coefficient (κ) between Cepheid, Roche and Qiagen results for HIV and HCV detection. The agreement values established are:< 0.00: Poor, 0.00-0.20:
Slight, 0.21-0.40: Fair, 0.41-0.60: Moderate, 0.61-0.80: Substantial and 0.81–1.00: Almost perfect.

HIV HCV

Cohen’s κ % of agreement Agreement Cohen’s κ % of agreement Agreement

Cepheid vs. Roche 0.89 97% Almost perfect 0.80 95% Almost perfect
Cepheid vs. Qiagen 0.13 44% Slight 0.33 67% Fair
Roche vs. Qiagen 0.12 43% Slight 0.17 53% Slight

Table 2
Results of sensitivity, specificity and accuracy of each test of each brand, re-
spectively. Sensitivity was calculated using the total of spiked samples from
cadaveric donors (n=20), specificity was calculated using the total of non-
spiked samples from cadaveric donors (n= 5) and accuaracy was calculated
using the total of quantified samples divided by the total number of both spiked
and non-spiked samples from cadaveric donors.

Brand Virus Sensitivity Specificity Accuracy

Cepheid HIV 19/20, 95% 5/5, 100% 24/25, 96%
Cepheid HCV 20/20, 100% 5/5, 100% 25/25, 100%
Roche HIV 20/20, 100% 5/5, 100% 25/25, 100%
Roche HCV 16/20, 80% 3/5, 60% 19/25, 76%
Qiagen HIV 10/20, 50% 2/5, 40% 12/25, 48%
Qiagen HCV 0/20, 0% 1/5, 20% 0/25, 0%
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Fig. 3. Boxplot indicating HCV (IU/ml) mean detec-
tion and SD among the brands for cadaveric and blood
donor samples by Student’s t-test. For the cadaveric
sample figure, the Qiagen brand was not shown due to
a lack of amplification. For CD group (left), all spiked
samples were included (n= 20) for each test. For BD
group (right), all spiked samples were included
(n=10). For CD group and for each brand, invalid
results were considered as 0.
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cadaveric samples than the Qiagen kit. The Roche and Cepheid kits can
be used for screening tissue donors for HIV and HCV with more than
1000 copies or IU/ml, respectively.
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