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Abstract
Background: Transplantation of human corneal tissue is as-
sociated with the potential risk of transmittance of viral in-
fections. In accordance with European directives and federal 
laws, in Germany each tissue donor has to be tested for infec-
tious diseases such as hepatitis B and C virus (HBV and HCV) 
and human immunodeficiency virus (HIV) infection. Howev-
er, most of the currently available CE-marked serologic and 
nucleic acid screening systems are only validated for ante-
mortem blood. Methods: Twenty related and paired ante- 
and postmortem blood samples from cornea donors were 
obtained and subsequently analyzed for hepatitis B surface 
antigen (HBsAg), hepatitis B antibody (anti-HBc), anti-HCV, 
HCV RNA, anti-HIV-1/2, and HIV p24 Ag using Abbott test 
systems. The sera were also spiked with reference materials 
in concentrations giving low and high positivity for HBV, 
HCV, and HIV markers. Results: The spiked ante- and post-
mortem sera from related donors showed similar results for 

HBsAg, anti-HBc, anti-HCV, HCV RNA, anti-HIV, and HIV p24 
Ag, indicating a high stability of viral markers in cadaveric 
specimens. Three cornea donors had a medical history of 
HBV infection and revealed anti-HBc at similar levels in the 
ante- and postmortem sera. In addition, there was a single 
postmortem sample demonstrating a weak signal of anti-
HIV-1 and HIV-1 p24 Ag. False-positive or false-negative re-
sults were not detected. The results obtained with the Ab-
bott ARCHITECT analyzer and Abbott RealTime HCV PCR 
showed no significant differences. Conclusion: The analyzed 
screening assays are suitable for the detection of infectious 
markers of HBV, HCV, and HIV at similar levels in spiked ante- 
and postmortem sera from cornea donors.

© 2019 S. Karger AG, Basel

Introduction

Corneal grafting, first carried out by Eduard Zirm in 
1906, still represents the most common and successful 
transplantation of allogenic tissues in humans [1, 2]. 
Worldwide, about 100,000 corneal transplantations are 
performed annually. Over the last decade, various Euro-
pean and national directives and regulations have been 
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passed to harmonize the process of donor acquisition, as 
well as the testing, preparation, storage, and distribution 
of corneal tissue [3–7]. In particular, screening of tissue 
donors for blood-derived viral infections such as hepatitis 
B virus (HBV), hepatitis C virus (HCV), and human im-
munodeficiency virus (HIV) became mandatory in the 
context of the release of donor corneas for transplanta-
tion [8–11].

Despite continuous improvement and standardiza-
tion of serologic and nuclear amplification test (NAT) 
systems, there is still a potential risk for transmittance of 
infectious diseases during tissue transplantation. Overall, 
the incidence of transmittance of HBV, HCV, or human 
immunodeficiency virus (HIV) is statistically significant-
ly lower among tissue donors than in the untested normal 
population [12]. However, in comparison to first-time 
blood donors, the risk of infection with HBV, HCV, or 
HIV is still higher among tissue donors. This is in part 
related to the fact that blood testing of cornea donors can 
also be performed on postmortem blood samples, which 
bear the potential risk of false-negative or false-positive 
results due to postmortem changes such as hemolysis, au-
tolysis, or protein degradation [3, 4]. Currently available 
CE-marked tests are mainly validated for antemortem 
blood testing only. To minimize these limitations, analy-
sis of postmortem sera is only allowed in situations where 
antemortem samples are not available and postmortem 
blood samples are obtained within 24 h of death [3].

The German Federal Institute for Vaccines and Bio-
medicines (Paul Ehrlich Institute [PEI]) is responsible for 
tissue preparations and requires cornea banks to validate 
their test systems by spiking when using cadaveric blood. 
Currently, only postmortem samples from virus-infected 
cornea donors had been evaluated [13]. In addition, 
screening for anti-HCV antibodies and HCV RNA in po-
tential cornea donors showed a high rate of indeterminate 
results when validating postmortem serum samples [14]. 
Two studies evaluating unspiked paired ante- and post-
mortem blood samples showed that some of the analyzed 
samples were discordant due to the use of unvalidated test 
systems [15, 16]. Kalus et al. [17] obtained 10 samples of 
ante- and postmortem sera from cornea donors and test-
ed them for anti-Treponema pallidum antibodies on a 
Siemens BEP-III system.

To address this issue, ante- and postmortem blood 
samples from related cornea donors were spiked with 
infectious disease markers of HBV, HCV, and HIV in 
accordance with PEI recommendations and validated 
with Abbott test systems. In addition, PCR testing for 
HCV of HCV RNA-spiked samples was performed. The 
introduction of validated tests suitable for postmortem 
serum would significantly expand the availability of 
corneal tissue and reduce the waiting period for cornea 
recipients.

Materials and Methods

Blood Sampling
Related and paired ante- and postmortem blood samples were 

prospectively collected from 20 cornea donors by the cornea bank 
of Heidelberg University Hospital, Germany. Antemortem sera 
were provided by the Institute of Laboratory Medicine of Heidel-
berg University Hospital. Postmortem blood sampling (at least 6 
mL of whole blood) was performed within 24 h of death in a stan-
dardized fashion from the femoral or subclavian vein; all proce-
dures were performed in accordance with international guidelines 
[3]. All samples were immediately transferred to the Center for 
Infectious Diseases, Virology, at Heidelberg University Hospital 
for further analysis.

The ante- and postmortem samples were checked for hemoly-
sis, and none of the analyzed samples was hemolytic. The blood 
samples were centrifuged within 1 h after blood withdrawal and 
serum was fractionated in three portions of about 2 mL of serum 
each. The ante- and postmortem serum samples were either tested 
the same day or kept frozen at –80 ± 5  ° C for up to 2 weeks for fur-
ther analysis. Prior to testing, frozen serum samples were trans-
ferred to a refrigerator (2–8  ° C) in order to thaw them for 12–16 h.

Spiking of Ante- and Postmortem Serum Samples
The following PEI standards and World Health Organization 

(WHO) reference materials were used for the spiking experiments: 
hepatitis B surface antigen (HbsAg), subtype Ad, 100 U/mL (PEI); 
hepatitis B antibody (anti-HBc) IgG, 100 U/mL (PEI); hepatitis C 
antibody (anti-HCV) IgG reference serum (PEI); HCV RNA refer-
ence preparation, 40,000 IU/ampoule (PEI); HIV-1 antibody (an-
ti-HIV-1) IgG reference serum IV (PEI); and HIV-1 p24 antigen 
(WHO).

In order to detect potential inhibitors in the samples that might 
interfere with the assays, the ante- and postmortem samples were 
spiked with markers of HBV, HCV, and HIV infection. The first 
aliquot of each ante- and postmortem sample was tested unspiked 
and served as a negative control. The second and third aliquots 
were spiked according to PEI recommendations with viral anti-
gens, antibodies or HCV RNA, respectively. The sample/cutoff (S/
CO) ratios or viral load for HCV RNA were compared between sets 
of related and paired ante- and postmortem blood samples of the 
same donor.

Spiking itself was performed using a defined quantity of infec-
tious disease markers based on PEI recommendations. In detail, 
freeze-dried standards (anti-HCV IgG, HCV RNA, and anti-
HIV-1) were dissolved in a 0.9% isotonic sodium chloride solution 
(Braun, Melsungen, Germany). The required pre-dilutions of the 
standards were obtained using serologically negatively tested hu-
man serum of blood donors. The final concentrations/dilutions  
of the viral antigens/antibodies or RNA were as follows: 0.05 U 
HBsAg, 2 U anti-HBc, 1: 150 anti-HCV, 40 IU/mL HCV RNA, 1: 

100,000 anti-HIV, and 2.5 U/mL HIV p24 antigen.

Analysis of Ante- and Postmortem Blood Samples
The following test kits, not approved for cadaveric serum sam-

ples, were used for validation: Abbott HBsAg Qualitative II che-
moluminescence microparticle immunoassay (CMIA); Abbott 
anti-HBc II (CMIA); Abbott anti-HCV (CMIA); Abbott RealTime 
HCV (PCR); and Abbott HIV Ag/Ab Combo (CMIA). The analy-
ses of HBsAg, anti-HBc, anti-HCV, anti-HIV, and HIV p24 anti-
gen were performed on the ARCHITECT i2000 system (Abbott 
Diagnostics, Wiesbaden, Germany). All test kits for viral antibody/
antigen detection were CMIAs from Abbott Diagnostics. Detec-
tion of HBV DNA, HCV RNA, and HIV RNA was performed with 
an Abbott m2000rt cycler. In all PCR assays, an internal control 
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was used for detection of inhibition. All assays were carried out 
according to the manufacturer’s instructions. Cutoffs defined by 
the manufacturer were used to define the negativity and positivity 
of each sample. Test results from antemortem blood samples were 
defined as the reference for postmortem blood testing.

Results

Donor Characteristics
Overall, 6 female and 14 male donors were included 

(Table 1). The median age of the cornea donors was 73 
years (range 51–93). Related and paired antemortem se-
rum samples were collected up to 72 h prior to death. 
Postmortem blood samples were obtained between 1 and 
24 h after death (median 18 h).

Ante- and Postmortem Analysis of HBV
The results for the hepatitis B markers are summa-

rized in Table 2. S/CO ratios ≥1 for HBsAg and anti-HBc 
were termed positive. In all donors, the unspiked ante- 
and postmortem samples revealed similar S/CO ratios 
for HBsAg with negative test results. Thus, no false-pos-
itive results were revealed for the cadaveric samples. This 
finding was similar to that for the HBsAg-spiked sam-
ples, except for donors 7, 8, and 14, which showed S/CO 
values around the cutoff point. A chart review of these 
donors revealed a positive medical history of a previous 
HBV infection, and HBV DNA was not detectable in any 
of the 3 donors by PCR. The anti-HBs titers were very 
high at > 1,000 IU/L in each donor, whereas the results 
for HBsAg showed very low levels – presumably due to 
resulted anti-HBs binding – in the spiked samples. The 
ante- and postmortem samples not spiked with anti-HBc 
were negative, except for patients 7, 8, and 14. Anti-HBc 
was positive for these patients, and the S/CO values were 
similar for each of these patients in the ante- and post-
mortem samples, revealing the high stability of anti-HBc 
in cadaveric samples. Both serologic markers (HBsAg 
and anti-HBc) of HBV infection did not show any sig-
nificant differences between paired ante- and postmor-
tem samples.

Ante- and Postmortem Analysis of HCV
The results of anti-HCV testing and detection of HCV 

RNA are shown in Table 3. Anti-HCV was positive at an 
S/CO ratio of ≥1.0. The lower limit of quantification for 
HCV RNA was 15 IU/mL. All unspiked samples were 
negative for anti-HCV in the immunoassay, and negative 
for HCV RNA by PCR, showing similar results among all 
paired specimens of cornea donors. No false-positive re-
sults were found by evaluation of the cadaveric samples. 
The ante- and postmortem samples spiked with anti-
HCV reference serum were positive close to the cutoff 

Table 1. Donor characteristics

Subject No. Age, years Sex PM time, h

1 85 female 11
2 67 male 20
3 88 male 20
4 58 male 23
5 68 male 1
6 60 male 23
7 85 male 18
8 69 female 23
9 87 female 22

10 66 male 22
11 51 male 24
12 79 male 18
13 62 male 21
14 80 female 15
15 74 male 11
16 61 male 19
17 93 female 21
18 90 female 18
19 56 male 14
20 71 male 23

PM, time between death and corneal explantation.

Table 2. Analysis of unspiked and spiked ante- and postmortem 
specimens for HBV infection

Subject 
No.

HBsAg, S/CO Anti-HBc, S/CO

no spiking spiking no spiking spiking

ante-/
postmortem

ante-/
postmortem

ante-/
postmortem

ante-/
postmortem

1 0.2/0.2 5.4/4.2 0.1/0.1 3.8/3.7
2 0.2/0.2 4.7/4.2 0.1/0.2 3.6/3.9
3 0.1/0.1 5.5/4.1 0.1/0.1 6.1/4.5
4 0.1/0.2 4.6/4.8 0.1/0.1 4.8/3.3
5 0.2/0.2 6.0/4.2 0.2/0.1 3.1/5.9
6 0.2/0.2 3.5/3.3 0.1/0.1 5.8/3.8
7 0.1/0.4 1.0/1.0 11.1/10.5 4.7/4.5
8 0.2/0.8 0.7/1.4 10.4/10.0 3.3/3.6
9 0.2/0.2 4.0/3.7 0.1/0.1 4.4/3.9

10 0.2/0.2 3.6/3.2 0.1/0.1 2.2/3.5
11 0.2/0.1 2.3/2.2 0.1/0.1 2.6/3.6
12 0.1/0.1 2.4/2.2 0.1/0.1 2.2/1.0
13 0.1/0.1 2.2/2.7 0.1/0.1 5.2/4.1
14 0.2/0.1 0.9/1.1 9.6/9.8 3.7/4.2
15 0.1/0.3 3.8/3.3 0.8/0.7 0.9/0.7
16 0.1/0.1 1.8/1.9 0.1/0.1 2.8/3.2
17 0.2/0.4 2.9/2.3 0.1/0.2 3.3/3.1
18 0.2/0.2 4.3/4.0 0.1/0.1 4.7/4.0
19 0.1/0.2 3.9/3.2 0.1/0.1 4.1/4.3
20 0.1/0.2 2.9/2.5   0.1/0.1 5.0/4.8

HBsAg cutoff: ≥1.0. Anti-HBc cutoff: ≥1.0. HBV, hepatitis B 
virus; HBsAg, hepatitis B surface antigen; anti-HBc, hepatitis B 
core antibody; S/CO, sample/cutoff.
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ratio without any significant differences. In addition, the 
ante- and postmortem blood samples spiked with HCV 
RNA standard showed similar positive results near to the 
lower limit of quantification, indicating a high stability of 
viral RNA even in cadaveric blood. No false-negative re-
sults were detected in the cadaveric samples spiked with 
anti-HCV or HCV RNA. An internal control was always 
positive for all analyzed samples, indicating a valid assay 
and no inhibition of the PCR due to inhibitory factors in 
cadaveric blood.

Ante- and Postmortem Analysis of HIV
The anti-HIV and HIV p24 antigen assays were de-

fined as positive when the S/CO ratios were ≥1.0. All an-
ti-HIV- or HIV p24 antigen-spiked samples were positive 
with S/CO ratios close to the cutoff point; thus, no false-
negative results were detected (Table 4). Donor 3 showed 
low reactivity for anti-HIV-1 and HIV-1 p24 Ag in the 
unspiked postmortem samples. PCR targeting HIV RNA 
was performed on the ante- and postmortem samples of 
this donor; HIV RNA was not detected, thereby ruling 
out any previous HIV infection.

All unspiked negative samples were confirmed to be 
negative for HIV, with the exception of 1 donor who 

demonstrated a weak signal for anti-HIV or HIV p24 an-
tigen. The spiked samples were positive in regard to all 
paired ante- and postmortem samples. False-negative re-
sults were not observed. In the postmortem blood sam-
ples, no significant differences could be detected in regard 
to donor age, donor sex, or collection time.

Discussion

Retrieval of tissue from deceased donors is associated 
with unique challenges, particularly in situations where 
only cadaveric blood samples are available for testing of 
markers of blood-borne infectious diseases. In general, hu-
man blood is supposed to be modified after death by differ-
ent factors such as bacterial growth, hemolysis, and autoly-
sis. Finally, modification of the infectious disease markers 
such as antigens, antibodies, RNA, and DNA might cause 
false-positive or false-negative test results. Therefore, fed-
eral authorities like the PEI, responsible for the prepara-
tion, storage, and distribution of donor tissue, demand val-
idation of test systems routinely used for serologic and mo-
lecular (NAT) analysis of postmortem blood samples. 
Currently, most CE-labeled test equipment for infectious 

Table 3. Analysis of unspiked and spiked ante- and postmortem 
specimens for HCV infection

Subject 
No.

Anti-HCV, S/CO HCV RNA, IU/mL

no spiking spiking no spiking spiking

ante-/
postmortem

ante-/
postmortem

ante-/
postmortem

ante-/
postmortem

1 0.1/0.0 2.7/2.8 0/0 19/17
2 0.1/0.1 2.3/2.2 0/0 24/25
3 0.0/0.0 2.9/2.3 0/0 29/37
4 0.0/0.0 2.6/2.6 0/0 16/32
5 0.1/0.1 2.7/2.6 0/0 34/45
6 0.1/0.1 3.0/2.8 0/0 19/30
7 0.1/0.1 2.3/2.7 0/0 32/36
8 0.1/0.1 2.4/2.0 0/0 35/29
9 0.1/0.1 2.6/3.5 0/0 20/27

10 0.0/0.0 3.2/3.0 0/0 30/49
11 0.1/0.0 3.3/3.1 0/0 23/18
12 0.1/0.1 3.4/3.4 0/0 23/27
13 0.1/0.1 4.1/5.0 0/0 35/28
14 0.1/0.0 3.7/4.5 0/0 19/26
15 0.1/0.2 4.9/5.1 0/0 30/32
16 0.0/0.0 4.1/4.1 0/0 33/29
17 0.1/0.1 3.1/3.2 0/0 52/42
18 0.1/0.1 2.2/2.4 0/0 33/17
19 0.1/0.1 3.4/3.2 0/0 36/18
20 0.1/0.1 4.0/4.1   0/0 17/28

Anti-HCV cutoff: ≥1.0. HCV PCR lower limit of detection: 15 
IU/mL. HCV, hepatitis C virus; S/CO, sample/cutoff.

Table 4. Analysis of unspiked and spiked ante- and postmortem 
specimens for HIV infection

Subject 
No.

Anti-HIV/p24 Ag, S/CO HIV p24 Ag, S/CO

no spiking spiking no spiking spiking

ante-/
postmortem

ante-/
postmortem

ante-/
postmortem

ante-/
postmortem

1 0.2/0.1 2.6/2.9 0.2/0.1 2.6/2.7
2 0.1/0.1 2.7/3.2 0.1/0.1 2.4/2.8
3 0.1/1.4 2.1/6.3 0.1/1.4 2.1/1.8
4 0.0/0.0 3.2/2.8 0.1/0.1 2.3/2.5
5 0.1/0.2 2.5/3.9 0.1/0.2 2.3/2.2
6 0.1/0.3 3.8/2.8 0.1/0.1 2.0/3.8
7 0.1/0.2 2.5/2.5 0.1/0.3 1.8/1.6
8 0.1/0.1 2.7/1.5 0.1/0.2 1.5/1.6
9 0.1/0.1 2.9/2.8 0.1/0.1 1.3/1.4

10 0.1/0.3 2.3/2.6 0.1/0.1 1.6/1.7
11 0.1/0.1 2.5/3.0 0.1/0.3 1.4/1.9
12 0.2/0.2 3.2/3.5 0.1/0.1 1.6/1.3
13 0.1/0.1 3.2/3.1 0.2/0.2 1.2/1.5
14 0.1/0.1 3.4/3.6 0.1/0.1 1.5/1.9
15 0.2/0.1 2.7/3.1 0.2/0.1 1.7/1.7
16 0.1/0.1 1.7/2.0 0.1/0.1 1.5/1.6
17 0.1/0.2 2.6/2.6 0.1/0.2 1.8/1.3
18 0.1/0.2 3.0/3.4 0.1/0.1 2.0/1.4
19 0.1/0.1 3.1/4.4 0.1/0.1 2.2/2.0
20 0.1/0.3 3.0/3.5 0.1/0.1 1.9/2.6

Anti-HIV/p24 Ag cutoff: ≥1.0. HIV p24 Ag cutoff: ≥1.0. HIV, 
human immunodeficiency virus; S/CO, sample/cutoff.
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serology testing is not validated for postmortem samples. 
For this reason, there is an instant need for validation stud-
ies demonstrating the suitability and liability of commer-
cially available assays for postmortem blood analysis.

In the present study, we evaluated the performance of 
various Abbott test systems on related and paired ante- 
and postmortem sera spiked with viral infection markers 
such as HBV, HCV, and HIV as recommended by the 
PEI. The test results showed that the sensitivity of the in-
dividual Abbott test assays is comparable between spiked 
and unspiked serum samples. No lack in sensitivity or 
inhibition of the assays was observed when using spiked 
specimens. No false-negative results were detected for 
any of the HBV, HCV, and HIV infection markers used 
in the present study. However, a single postmortem blood 
sample from a cornea donor with a negative history of 
previous HIV infection showed weak reactivity for HIV. 
Kalus et al. [17] tested blood samples from cornea donors 
spiked with Treponema pallidum-positive sera. They also 
found false-positive results for Treponema pallidum in 2 
unspiked postmortem serum samples. The test results 
were interpreted as the result of extensive postmortem 
hemolysis. Although there might be additional factors in-
volved, we assume that slight hemolysis was also respon-
sible for the unspecific HIV reactivity observed in one of 
our postmortem blood samples. Therefore, in any cadav-
eric serum sample which appears to be macroscopically 
abnormal, serologic test results should be interpreted 
with care [18]. For example, Wilkemeyer et al. [16] de-
scribed false-positive results for viral markers in post-
mortem blood samples. Based on their results, delayed 
centrifugation of the previously harvested blood samples 
might have been a reason for causing the false-positive 
test results. The spiked antibodies, viral antigens, and vi-
ral RNA were stable and not degraded in the cadaveric 
blood. A high stability of HBsAg, anti-HBc, and anti-
HCV samples stored in frozen dried blood spots for up to 
200 days with minimal variation was recently reported 
[19]. In our panel, 3 donors had a medical history of a 
previous HBV infection. Anti-HBc and anti-HBs anti-
bodies were detected at the same level in the ante- and 
postmortem samples of these donors; however, HBV 
DNA could not be detected. Fornés et al. [20] reported the 
detection of HBV DNA in cornea donors with the same 
serologic pattern for hepatitis B. In a study performed by 
Edler et al. [13], serologic detection of antiviral antibodies 
and viral antigens was possible for up to 48 h after death. 
These results indicate a high stability of antibodies and 
antigens in the postmortem process. The loss of viral load 
for HBV, HCV, and HIV in clinical samples stored frozen 
for 9 years has been reported to range up to 0.35 log10 [21]. 
We report for the first time a side-by-side comparison of 
ante- and postmortem samples from the same cornea do-
nor screened for viral infectivity markers.

Between 1984 and 1985, several cases of HBV infection 
were reported after penetrating keratoplasty [22]. There-
fore, screening procedures for human eye banks were in-
troduced in the USA. Since then, no cornea donor-related 
transmission of infectious diseases has occurred in cor-
neas obtained from and provided by the Eye Bank Asso-
ciation of America over a period of more than 10 years 
[23]. In 2004, 2 patients received corneas from a rabies-
infected multiorgan donor. The cornea recipients under-
went immediate active and passive postexposure treat-
ment and removal of the corneal buttons. Fortunately, no 
rabies virus transmission was observed during follow-up 
[24].

Nonrelated ante- and postmortem clinical samples 
from cornea donors were analyzed by Baleriola et al. [25]. 
Since data on the antemortem status of the cornea do-
nors were unknown, a rate of possible false-negative re-
sults could not be determined. In a study by Heim et al. 
[15], analysis of paired blood samples from 33 cornea 
donors resulted in discrepancies in about half of the sam-
ples. Sixteen postmortem blood samples were false posi-
tive for HBsAg, and 1 case showed false-negative reactiv-
ity for anti-HCV. In a study by Kitchen and Newham 
[26], samples from confirmed positive donors were ti-
trated in screen-negative postmortem samples in parallel 
with normal pooled negative serum to determine if there 
were signs of inhibition with the postmortem samples. 
No statistically significant differences were observed be-
tween the diluted samples. According to Meyer et al. 
[27], the time point of postmortem blood sampling for 
HBV, HCV, and HIV testing may be extended to 36 h or 
even 48 h, thereby improving the availability of donor 
tissue.

The prevalence rates of HBV, HCV, and HIV infec-
tions are lower among tissue donors than in the general 
population. However, the estimated probability of unde-
tected viremia at the time of tissue donation is higher 
among tissue donors than among first-time blood do-
nors. Adding nucleic acid amplification test methods to 
screening regimes for tissue donors should reduce the 
risk of disease transmittance among tissue recipients [12, 
24, 28]. Introduction of NAT screening procedures for 
HCV RNA substantially shortens the diagnostic window 
period. HCV infections may be detected about 20–60 
days earlier [29]. In a report by Challine et al. [30], 5 out 
of 2,119 anti-HCV-seronegative organ donors and 1 out 
of 631 HCV-seronegative tissue donors were HCV RNA 
positive. Gubbe et al. [31] performed a validation of the 
detection of nucleic acids in cadaveric samples. The ana-
lytic specificity and sensitivity for HBV, HCV, and HIV 
with an automated NAT system was 100%. Miédougé et 
al. [14] analyzed postmortem samples of cornea donors 
for HCV RNA and HIV RNA. In cornea donors with a 
negative serology for HCV and HIV, RNA of HCV and 
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HIV was not found; however, indeterminate molecular 
results were found for 17.6% of the samples, and thus 
were frequently detected in cadaveric samples. In our 
study, amplification of the internal control ensured that 
the negative results were valid. Pruss et al. [32] recom-
mend that NATs for HBV, HCV, and HIV should be 
performed on all tissue donors as an additional measure 
for viral safety. Although corneal allografts carry the low-
est risk of transmitting viral factors owing to corneal 
physiology and morphology as well as the epidemiology 
of corneal diseases, NATs for HCV should still be per-
formed.

Conclusion

Our study showed no differences in the results obtained 
for HBV, HCV, and HIV markers between ante- and post-
mortem blood samples. Therefore, we suggest that an iden-
tification of antibodies, antigens, and/or RNA markers in 
samples collected postmortem is possible at levels compa-
rable to those obtained by the screening currently per-
formed on living donors. Accurate detection of these infec-
tious diseases in potential donors is maintained in samples 

collected within 24 h of death, provided that the presence 
of blood-borne agents is being adequately assessed using 
routine serum screening prior to cornea donation.
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