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Hepatitis E virus (HEV) infection is recognized as an emerging and often undiagnosed disease in industrialized countries, with
asymptomatic infections actually occurring in blood donors. Sensitive detection of HEV-RNA is crucial for diagnosis and moni-
toring of disease progression. We evaluated the analytical sensitivity and performance of three HEV RT-PCR assays (RealStar
HEV reverse transcription-PCR [RT-PCR], hepatitis@ceeramTools, and ampliCube HEV RT-PCR) for screening of individuals
for HEV infections (ID-nucleic acid amplification technology [ID-NAT]) and for blood donor pool screening (minipool-NAT
[MP-NAT]). RNA was extracted using NucliSens easyMAG (ID-NAT) and a high-volume extraction protocol (4.8 ml, chemagic
Viral 5K, MP-NAT). Three NAT assays were evaluated for ID-NAT but only two assays for MP-NAT due to inhibition of the am-
pliCube HEV RT-PCR kit using the corresponding RNA extract. Assays provided good analytical sensitivity, ranging from 37.8
to 180.1 IU/ml (ID-NAT) and from 4.7 to 91.2 IU/ml (MP-NAT). The applicability of HEV antigen (HEV-Ag) screening was com-
pared to that of RT-PCR screening and detection of HEV-IgM antibodies using seroconversion panels of 10 HEV genotype 3-in-
fected individuals. Four individuals revealed a positive HEV-Ag detection result, with corresponding viremias ranging from
1.92E � 03 to 2.19E � 05 IU/ml, while the progression of HEV-Ag followed that of HEV viremia. The other six individuals
showed no presence of HEV-Ag although the corresponding viremias were also in the range of >1.0E � 03. Anti-HEV-IgM anti-
bodies were detectable in seven donors; one donor presented parallel positivities of HEV-Ag and anti-HEV IgM. The evaluated
NAT methods present powerful tools providing sensitive HEV detection. Application of HEV-Ag or anti-HEV IgM screening is
currently inferior for the early detection of HEV infection due to the decreased sensitivity compared to NAT methods.

Non-travel-associated hepatitis E virus (HEV) infections are
increasingly recognized as an emerging disease in industrial-

ized countries (1, 2). HEV is a single-stranded RNA virus belong-
ing to the family of Hepeviridae, with differences regarding the
geographical distribution of the four currently described major
genotypes (genotypes 1 to 4) (3). In developing countries, HEV
genotype 1 and 2 infections are hyperendemic, with transmission
by the fecal-oral route, and are restricted to humans (4–6),
whereas genotype 3 (Europe, United States, Japan, New Zealand,
and Argentina) and 4 (Japan and China [7]) infections are ob-
served in industrialized countries. Genotypes 3 and 4 have been
isolated from humans and other mammalian species (e.g., domes-
tic pigs, wild boars, deers, and rabbits [8–11]), and the occurrence
of genetically similar HEV isolates suggests a zoonotic or food-
borne route of transmission of HEV (12, 13). However, HEV
transmission by solid-organ transplantation has also been de-
scribed (14), and chronic HEV infections were found in transplant
patients (15, 16). The transmission of hepatitis E infections by
contaminated blood products has already been reported in Eu-
rope, Japan, and the United Kingdom (2, 17–21). The occurrence
of autochthonous and asymptomatic infections in blood donors,
as well as the detection of widespread distribution of HEV in
plasma fractionation pools from North America, Europe, and
southeast Asia, makes HEV a potential new hazardous blood-
borne pathogen with respect to blood safety (2, 22–25).

Anti-HEV-IgM is currently the most prominent and sensitive
serological marker for the diagnosis of acute, recent, or ongoing
HEV infection, but the somewhat lower specificity of different
IgM assays has often been discussed in the past (26, 27). Addition-
ally, the diagnostic window period of HEV viremia prior to the
occurrence of HEV-specific antibodies limits the applicability of

serological tests (25). To date, detection of HEV-RNA by molec-
ular genetic methods has been considered the “gold standard”
(28). Recently, detection of hepatitis E virus antigen (HEV-Ag)
was introduced as an additional early diagnostic marker (28, 29).
The HEV-Ag is a viral capsid protein detectable within the win-
dow period or acute phase of infection with a persistence of 3 to 4
weeks after infection (30).

Nevertheless, a sensitive screening method for blood donors is
required to avoid transfusion of HEV-contaminated blood prod-
ucts. The sensitive detection of HEV-RNA is also crucial to assess
the progression of HEV infection, especially in transplant patients
or other recipients of blood products, in terms of clearance or
persistence of viral particles (31). The aim of the present study was
comparison of the sensitivities and performances of different
commercial HEV-RNA amplification systems for (i) HEV blood
donor pool screening and (ii) HEV-RNA detection in individuals
with acute or chronic infections. Furthermore, the applicability of
HEV-Ag in comparison to molecular genetic screening, as well as
the occurrence of HEV-IgM-specific antibodies, was evaluated in
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consecutive samples of 10 virologically confirmed HEV genotype
3-infected individuals.

MATERIALS AND METHODS
Blood donors. From July to September 2011, a total of 16,125 individual
German blood donors were routinely screened for the presence of HEV-
RNA by the Uni.Blutspendedienst OWL, revealing 13 HEV-RNA-positive
donations (25). Samples donated in continuous intervals after the initial
HEV-RNA-positive donation (day 0) were available for 10 blood donors
(sex, male; geographic origin, North Rhine-Westphalia [n � 4], Lower
Saxony [n � 1], or Hesse [n � 5]; mean age, 28 years [� 10; range, 20 to
53 years]). All donors underwent a predonation medical examination,
denied current diseases or any known risk factors for viral infections, and
presented with an asymptomatic hepatitis E virus infection. The study
protocol conformed to the ethical guidelines and was approved by the
institutional review board of the Ruhr University of Bochum. Informed
consent was obtained from each donor.

RNA extraction. For donor pool screening, high-volume extraction of
4.8 ml of plasma was performed using the chemagic viral DNA/RNA
reagent kit (Viral 5k; PerkinElmer chemagen Technologie GmbH, Baes-
weiler, Germany) combined with the automated chemagic MSMI mag-
netic separation module (PerkinElmer chemagen Technologie GmbH).
Briefly, 4.8 ml of plasma was mixed with 4.8 ml of lysis buffer, 30 �l of
protease, and 7 �l of poly(A). Samples were incubated at 55°C for 10 min.
Subsequently, lysates were mixed with 15 ml of binding buffer containing
100 �l of magnetic beads. The MSMI module automatically performed
the nucleic acid extraction process, including binding, two washes, and
elution in a final volume of 100 �l of elution buffer.

For single-sample screening, extraction of total RNA from 500 �l of
plasma was performed using the NucliSens easyMAG (bioMérieux,
Nürtingen, Germany) automated RNA/DNA extraction system. RNA was
eluted in 55 �l of elution buffer.

Real-time RT-PCR. Three different commercial assays, the RealStar
HEV reverse transcription-PCR (RT-PCR) assay (Altona Diagnostic Tech-
nologies [ADT], Hamburg, Germany), the hepatitis@ceeramTools kit
(Ceeram; S.A.S., La Chapelle sur Erdre, France), and the ampliCube HEV
RT-PCR kit (Mikrogen, Neuried, Germany), were compared. Amplification
using the Real-Star HEV RT-PCR kit was performed according to the man-
ufacturer’s instructions on a Rotor-Gene 3000 system (Corbett Life Sciences,
Sydney, Australia). Amplification using the hepatitis@ceeramTools kit and
the ampliCube HEV RT-PCR kit was carried out according to the manufac-
turer’s instructions using a LightCycler 480 system (Roche, Mannheim, Ger-
many).

Analytical sensitivity and comparison of different amplification
methods. The analytical sensitivity and the precision of the three different
assays for blood donor pool screening or individual patient/donor sample
screening were determined using a 2-fold dilution series of plasma sam-
ples inoculated with the first WHO international standard for hepatitis E
virus RNA for nucleic acid amplification technology (NAT)-based assays
(WHO-NAT standard, Paul-Ehrlich Institute, Langen, Germany [32]).
Nucleic acids were extracted using the two different extraction methods.
The 95% detection limit was calculated by probit analysis with 6 dilution
steps and 24 replicates using SPSS software (SPSS GmbH Software, ver-
sion 14.0; SPSS, Munich, Germany). The HEV concentration in positive
plasma samples of different donors was quantified using the WHO-NAT
standard.

In order to compare the applicabilities of the different PCR methods
for HEV blood donor pool screening, subsequent plasma samples of
HEV-RNA-positive donors spanning the originally positive donation de-
tected (25) were diluted with negative human plasma to simulate master
pools of 48 or 96 donations mimicking a routine pool screening procedure
with different pool sizes. Simulation of master pools was set up by com-
bining 200 �l of EDTA-plasma of the initial HEV-positive donation with
negative human plasma to achieve a level of 9.4 ml (pool of 48 samples) or

19 ml (pool of 96 samples); samples were analyzed with the RealStar HEV
RT-PCR kit and the hepatitis@ceeramTools kit.

Serological testing. Screening for HEV-Ag in HEV-RNA-positive do-
nors was performed using the Wantai HEV-Ag enzyme-linked immu-
nosorbent assay (ELISA) (distributed by Axiom Diagnostics, Worms,
Germany) according to the manufacturer’s instructions. In order to elu-
cidate a potential donor-dependent influence on the detection of HEV-
Ag, 2-fold serial dilutions of antigen-positive plasma samples to levels of
approximately 1 � 10E � 03 IU/ml were prepared with human plasma
negative for anti-HEV immunoglobulins, HEV-RNA, and HEV-Ag; sam-
ples were analyzed in duplicate.

Plasma samples of HEV-RNA-positive donors were further screened
for the presence of HEV-specific IgM antibodies using a recomWell HEV-
IgM immunoassay (version autumn 2012; Mikrogen GmbH, Neuried,
Germany). Samples were analyzed according to the manufacturer’s in-
structions.

RESULTS
Analytical sensitivity and specificity and comparison of NAT
assays. For blood donor pool screening, the RealStar HEV RT-
PCR assay showed the highest sensitivity, with a 95% detection
limit of 4.7 IU/ml (95% confidence interval [CI], 3.6 to 7.6), fol-
lowed by the hepatitis@ceeramTools kit with 91.2 IU/ml (95% CI,
64.9 to 205.9) (Table 1). The ampliCube HEV RT-PCR kit is not
applicable for nucleic acids extracted with the Viral 5k kit; the
internal assay control showed complete inhibition. For indi-
vidual sample screening, the RealStar HEV RT-PCR assay con-
sistently had the highest sensitivity of 37.8 IU/ml (95% CI, 22.2
to 671.2), followed by the hepatitis@ceeramTools kit with 86.8
IU/ml (95% CI, 68.9 to 124.7) and the ampliCube HEV RT-
PCR kit with 180.4 IU/ml (95% CI, 128.5 to 355.2). The repro-
ducibility of the assays was demonstrated by analyzing the in-
tra-assay and interassay variations for the CT (crossing
threshold) values. The intra-assay variability was calculated
from eight replicates; the interassay variability was determined
from three independent PCR runs with eight replicates per run.
Values are given as means � standard deviations (SD) and were
calculated using GraphPad Prism 5.0 software (GraphPad Soft-
ware, San Diego, CA). Intra-assay and interassay variations
were in acceptable ranges for all evaluated assays and revealed
variation coefficients � 5% (Table 2).

Pool simulation. The detection frequencies of the RealStar HEV
RT-PCR kit and the hepatitis@ceeramTools kit were different due to
the determined 95% detection limits (see Table S1 in the supplemen-
tal material). The HEV-RNA concentrations of individual samples
were converted to the respective pool sizes of 48 and 96 samples. Both
assays detected all samples, with calculated pool concentrations
above the stated detection limits of 4.7 IU/ml (RealStar HEV RT-PCR
assay) and 91.2 IU/ml (hepatitis@ceeramTools kit) (see the gray-
shaded data in Table S1 in the supplemental material). Due to the
higher sensitivity of the Real-Star HEV RT-PCR kit, 21 samples were
detected in a pool size of 48 and 17 samples in a pool size of 96
compared to 13 samples (48-sample pool) or 6 samples (96-sample
pool) detected by hepatitis@ceeramTools. Furthermore, the RealStar
HEV RT-PCR assay detected 12 additional samples below the deter-
mined detection limit compared to the 11 samples additionally de-
tected by the hepatitis@ceeramTools kit.

Comparison of HEV antigen detection and RNA concentra-
tion data. The progression of RNA concentrations and HEV-Ag
detection results is shown in Fig. 1. The day of the first detection of
hepatitis E virus RNA by PCR screening was defined as day 0 (25).

Detection of Hepatitis E Virus

June 2014 Volume 52 Number 6 jcm.asm.org 2151

http://jcm.asm.org


HEV-Ag was detectable only in samples from donors 2, 8 (only
borderline results), 9, and 10. In samples from donor 2, HEV-Ag
was first detectable at a corresponding HEV concentration of
2.21E � 04 IU/ml on day 20. The antigen detection period con-
tinued to day 35 (HEV concentration, 1.83E � 04 IU/ml), culmi-
nating in a maximum viremia value of 1.02E � 05 IU/ml on day
25. HEV-Ag was detectable in only one sample from donors 8 (day
21, borderline result) and 9 (day 33) during the progression of
HEV viremia, with corresponding HEV concentrations of 1.64 �
04 IU/ml and 2.13E � 04 IU/ml, respectively. For these three
donors, HEV-Ag was detectable only at HEV-RNA concentra-
tions of �1.0 � 10E � 04 IU/ml. HEV-Ag was detectable with
corresponding HEV concentrations ranging between 7.31E � 03
and 1.92E � 03 IU/m only in samples from donor 10. Antigens
were detected in parallel to HEV viremia from day 20 to day 40,
with a maximum viremia value of 2.19E � 05 IU/ml. The occur-
rence of HEV-Ag followed the progression of HEV viremia for
these four donors. In samples from all other donors, HEV-Ag
was not detectable at any time, although the maximum RNA
concentration exceeded the previously determined detection
limit of approximately 1 � 10E � 04 IU/ml (e.g., for donor 1,
2.63E � 04 IU/ml, and for donor 5, 4.74E � 04 IU/ml). Anal-
ysis of a 2-fold dilution series of positive samples from donors
2, 9, and 10 showed that the detection of HEV-Ag and the

lowest corresponding HEV-RNA concentration differed for
each donor (Fig. 2), suggesting a potential donor-dependent
sensitivity. In samples from donor 9, HEV-Ag was detectable at
corresponding RNA concentrations of 5 � 10E � 03 and 1 �
10E � 04 IU/ml, whereas donor 2 still showed clear HEV-Ag
positivity at a corresponding RNA concentration of approxi-
mately 3 � 10E � 03 IU/ml. Samples from donor 10 demon-
strated further differences within the same donor. For example,
samples taken on day 28 showed the detection of HEV-Ag at
corresponding RNA concentrations � 1 � 10E � 05 IU/ml,
whereas samples recovered on day 39 demonstrated HEV-Ag
detection at considerably lower RNA concentrations of ap-
proximately 1 � 10E � 03 IU/ml. We also tested a 2-fold-
dilution series of the WHO-NAT standard due to the absence
of a HEV-Ag standard to analyze a potential correlation, but
although the WHO-NAT standard contained intact virus par-
ticles, HEV-Ag was not detectable in this reference material.

HEV-specific IgM antibodies were detectable in samples
from seven donors. However, only donor 2 presented a parallel
positivity of HEV-Ag and anti-HEV IgM antibodies. In the
other three donors, IgM antibodies were not detectable. Nev-
ertheless, samples were not available within the time frame
where IgM seroconversion most likely occurred for donors 11
and 12.

TABLE 1 Analytical sensitivity of different HEV RT-PCR assaysa

Sample concn (IU/ml)

MP-NAT screening: chemagen viral 5K ID-NAT screening: Nuclisens EasyMAG

Real-Star HEV RT-
PCR kit Ceeram

Real-Star HEV RT-
PCR kit Ceeram

ampliCube HEV RT-
PCR kit

No. of
positive
results/total
no. of
results

% of
positive
results

No. of
positive
results/total
no. of
results

% of
positive
results

No. of
positive
results/total
no. of
results

% of
positive
results

No. of
positive
results/total
no. of
results

% of
positive
results

No. of
positive
results/total
no. of
results

% of
positive
results

400 24/24* 100.0
200 24/24* 100.0 24/24* 100.0 24/24* 100.0 22/24 91.7
100 24/24 100.0 24/24 100.0 24/24 100.0 19/24 79.2
50 8/8 100.0 10/24 41.7 22/24 91.7 15/24 62.5 10/24 41.7
25 24/24* 100.0 10/24 41.7 23/24 95.8 11/24 45.8 7/24 29.2
12.5 24/24 100.0 3/24 12.5 18/24 75.0 6/24 25.0 4/24 16.7
6.25 24/24 100.0 1/24 4.2 13/24 54.2 6/24 25.0 0/24 0
3.13 19/24 79.2 5/24 20.8
1.56 11/24 45.8 3/24 12.5
0.75 10/24 41.7

95% detection limit, IU/ml
(95% CI)

4.7 (3.6–7.6) 91.2 (64.9–205.9) 37.8 (22.2–671.2) 86.8 (68.9–124.7) 180.4 (128.5–355.2)

a *, the corresponding concentration was used to calculate the CT values for intra- and interassay variations for HEV and the internal control for the same assay in Table 2.

TABLE 2 Precision testing of different HEV RT-PCR assays

Parametera

MP-NAT screening: chemagen viral 5K ID-NAT screening: Nuclisens EasyMAG

Real-Star HEV
RT-PCR kit Ceeram

Real-Star HEV
RT-PCR kit Ceeram

ampliCube HEV
RT-PCR kit

Intra-assay HEV* [mean CT (� SD)/VC] 34.26 (� 0.43)/1.26 31.48 (� 0.17)/0.54 30.8 (� 0.57)/1.84 35.15 (� 0.60)/1.71 35.79 (� 0.67)/1.86
Intra-assay IC* [mean CT (� SD)/VC] 26.27 (� 0.24)/0.89 28.85 (� 0.16)/0.54 30.89 (� 0.76)/2.45 30.67 (� 0.39)/1.26 29.81 (� 0.32)/1.07
Interassay HEV* [mean CT (� SD)/VC] 32.85 (� 1.19)/3.62 31.55 (� 0.37)/1.18 31.74 (� 1.36)/4.29 35.15 (� 1.02)/2.90 36.39 (� 0.83)/2.29
Interassay IC* [mean CT (� SD)/VC] 27.89 (� 2.56)/3.19 28.56 (� 0.26)/0.92 32.47 (� 1.58)/4.87 29.80 (� 1.00)/3.34 30.16 (� 0.66)/2.20
a IC, internal control; VC, variation coefficient; *, calculated using the concentration corresponding to the entry shown with an asterisk for the same assay in Table 1.
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DISCUSSION

The published reports of HEV infections by contaminated blood
products (2, 17–20) and the detection of HEV in plasma fraction-
ation pools (23, 24) and samples from blood donors (22, 25, 33,
34) suggest that transfusion transmission of HEV is probably not
uncommon. Many of the infections are subclinical (22, 34), with
infections being incorrectly diagnosed or undiagnosed due to the
applied test regimen. The rates of individual HEV-RNA-positive
donors range (21) from 0.012% in Sweden (22) and 0.014% in the
United Kingdom (34) to 0.022% to 0.08% in Germany (22, 25)

and 0.07% in China (33). The possible clinical courses (asymp-
tomatic, mild hepatitis, acute liver failure) and severities of HEV
infections in transfusion recipients are variable, depending on
predisposition or immune status. Most likely, the vast majority of
HEV infections result in an asymptomatic course (35), but the
observed severe courses of HEV infections in major groups of
transfusion recipients— e.g., patients with preexisting liver dis-
ease (36, 37), pregnant women (38, 39), transplant patients (15,
16), and immunocompromised patients (40)— unalterably raise
the issue of blood safety for those patients (2). Currently, the con-

FIG 1 Comparison of HEV antigen and RNA levels. The course of HEV-RNA concentrations (*) and occurrences of HEV-Ag (�) are displayed. The day of
detection of HEV-RNA by PCR screening was defined as day 0. The dotted horizontal line represents the borderline cutoff ratio of the HEV-Ag assay (0.9 to 1.0
AU [arbitrary units]). The time period of HEV-IgM antibody occurrence is indicated with gray shading. y, years of age.
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sensus of several authors implies that only NAT testing of blood
donors has the potential to effectively prevent viral transmission
(22, 25, 41). In this context, the performances of different HEV
RT-PCR assays have to be evaluated for the development of
screening strategies to estimate the risk of transfusion-transmitted
HEV infections. The molecular detection of HEV-RNA is also
essential for the diagnosis of acute hepatitis E and the assessment
of disease progression (virus clearance versus persistence) (31,
42), at least to detect or monitor HEV infection in major groups of

transfusion recipients. Furthermore, the detection of HEV-RNA
facilitates the diagnosis of HEV infection in immunocompro-
mised patients without an adequate antibody response (15). The
prior assessment of different RT-PCR assays, mainly including
in-house tests, revealed a 100- to 1,000-fold difference in their
sensitivities (43). It has been further shown that genotype 3 diver-
sity influences RNA quantification (44). Therefore, the first WHO
international standard for hepatitis E virus RNA for NAT-based
assays was recently developed to allow harmonization of molecu-
lar-genetic assays for the detection of HEV-RNA (32).

So far, only one commercially available RT-PCR assay and one
in-house RT-PCR assay have been evaluated for HEV blood donor
screening, demonstrating a high sensitivity of 4.6 IU/ml (22, 25).
Recently, Abravanel et al. compared the RealStar HEV RT-PCR kit
and the hepatitis@ceeramTools kit for individual sample screen-
ing using the RNAeasy extraction kit, with their results also indi-
cating that the RealStar HEV RT-PCR kit has a higher sensitivity
than the hepatitis@ceeramTools kit (42). That study further dem-
onstrated that the usage of an RT protocol based on the ORF3
region is essential to accurately quantify all HEV genotype 3 sub-
types because this region is better conserved than most (44). The
single-stranded HEV genome has a size of approximately 7.2 kb
and contains a short 5= untranslated region (UTR), three open
reading frames (ORF1 to -3), and a short 3=UTR terminated by a
poly(A) tail (45). Abravanel et al. observed that the Ceeram assay
is potentially less sensitive for genotype 3e due to a high difference
in CT values. Although ORF3 is highly conserved among the four
different HEV genotypes, there is still a lack of performance stud-
ies referring to commercially available assays, including HEV
genotypes 1, 2, and 4 (44), most likely due to the absence of gen-
otype-specific panels. Therefore, the establishment of genotype-
specific panels is essential to allow further validation of different
assays.

The differences observed for the analytical sensitivities of the
evaluated assays in this study are possibly related to differences in
the recommended RNA input volumes, starting from 5 �l for the
hepatitis@ceeramTools kit, 10 �l for the ampliCube HEV RT-
PCR kit, and 25 �l for the RealStar HEV RT-PCR kit. Interest-
ingly, the hepatitis@ceeramTools kit showed similar sensitivities
for the two extraction methods, whereas the RealStar HEV RT-
PCR kit had approximately 10-fold-lower sensitivity with the Nu-
cliSens easyMAG extraction than with the viral 5K extraction.
Possible explanations for this observation were so-far-unknown
effects caused by the composition of the elution buffers. This
statement is in line with the observed inhibition of the ampliCube
HEV RT-PCR kit in combination with nucleic acids extracted
with the Viral 5k kit. Nevertheless, the manufacturer had no ex-
planation for the observed inhibition (personal communication).
The RealStar HEV RT-PCR kit seemed to be most suitable for
ID-NAT and MP-NAT, even with a minipool size of 96 samples.
The Ceeram assay is rather suitable for minipool screening in a
size of 48 samples or lower due to the reduced sensitivity. How-
ever, only a little is known about transfusion-associated HEV in-
fections. More data are required regarding the duration of
viremia, the infective dose, the role of anti-HEV in the recipient,
and the frequency of clinically apparent transfusion-transmitted
HEV infections to consider the implementation of HEV NAT
blood donor screening (41). Therefore, the required minimum
sensitivity has remained undetermined so far.

Studies by Gupta et al. and Majumdar et al. also using the

FIG 2 Correlation of antigen and RNA values. A 2-fold dilution series of the
WHO-NAT standard and HEV-Ag-positive samples from donor 2 (three sam-
ples, days 20, 25, and 35), donor 9 (one sample, day 33), and donor 10 (five
samples, days 19, 24, 28, 32, and 39) were analyzed using the Wantai HEV-Ag
test. The dotted horizontal line represents the borderline cutoff ratio of the
HEV-Ag assay (0.9 to 1.0 AU [arbitrary units]).
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Wantai HEV-Ag assay led to the conclusion that HEV-Ag can be
an alternative early diagnostic marker for the detection of active
viral replication in acute HEV infection (28, 29). The occurrence
of HEV-Ag showed a good concordance with HEV-RNA with
similar levels of HEV-Ag and HEV-RNA, whereas the occurrence
of anti-HEV IgM did not show any concordance with HEV-RNA
(28). In contrast, in the present study conducted with asymptom-
atic individuals, we observed a significant diagnostic gap between
the presence of high viral loads and HEV-Ag occurrence. HEV
antigens were detectable in only 4 of 10 individuals, with a diag-
nostic window ranging from 20 days (donors 2, 8, and 10) to 33
days (donor 9). HEV-Ag was not detectable in the other six do-
nors, and antigen screening alone would have inevitably missed
those HEV infections. Although HEV-specific IgM antibodies
were detectable in 7 of 10 donors, three donors showed no pres-
ence of IgM antibodies at any time. Furthermore, the observed
variations in the performances of different anti-HEV IgM assays
demand the detection of HEV-RNA for proper diagnosis of infec-
tion (42).

In developing countries, a simple and nonlaborious test such as
HEV-Ag, enabling early detection of viral infection prior to the
occurrence of IgM antibodies, would enhance the management of
HEV infection. It has been shown in previous studies that
HEV-Ag appears earlier than anti-HEV IgM (HEV-Ag in-house
assay [30]) and that the combination of anti-HEV IgM and
HEV-Ag compensates for the delay in the detection of anti-HEV
IgM (Wantai HEV-Ag assay [46]). The observed differences for
the detection of HEV-Ag depending on the corresponding HEV-
RNA concentration, including different isolates as well as different
samples from the same donor, suggest that the ratio of HEV-Ag to
HEV-RNA is most likely not 1/1. This aspect is well known for
patients with HBV infections, presenting with an excess (typically
1,000- to 100,000-fold) of empty subviral particles (SVPs) in ad-
dition to infectious particles. These SVPs are composed solely of
HBV envelope proteins in the form of relatively smaller spheres
and filaments of various lengths (47). A related mechanism is un-
known for hepatitis E so far, but it is conceivable due to the results
of our study. Nevertheless, investigations with a larger cohort are
required to establish broad cutoffs. Other explanations might be a
shift in the HEV-Ag/HEV-RNA ratio, a shift of antigen conforma-
tion, or any other so-far-unknown biological events resulting in
release of viral proteins but not nucleic acids during disease pro-
gression.

In summary, all of the RT-PCR assays evaluated in this study
provided good analytical sensitivity with high reproducibility for
both ID-NAT and MP-NAT. Comparison of the anti-HEV IgM
assay and HEV-Ag assay with NAT assays tested in this study
showed that the identification of HEV-positive blood donors was
secured only by molecular genetic screening. The sensitivities of
the methods compared in this study allowed a pool screening
strategy. However, the pool size needs to be adjusted depending
on the respective lower detection limits of the assays used.
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