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Hepatitis E virus (HEV) is a serious public health problem. The commonly used tests that are specific for current HEV infection
diagnosis include the detection of anti-HEV IgM and HEV RNA. Here, we report an improved enzyme-linked immunosorbent
assay (ELISA) method for HEV antigen detection with a linear range equivalent to 6.3 � 103 to 9.2 � 105 RNA copies per ml. The
monoclonal antibody (MAb) 12F12, a high-ability MAb that binds HEV virus, was selected as the capture antibody from a panel
of 95 MAbs. The positive period of HEV antigenemia in infected monkeys using this test was, on average, 3 weeks longer than
previously reported and covered the majority of the acute phase. The positive detection rates of IgM, RNA, and new antigen from
the first serum samples collected from 16 confirmed acute hepatitis E patients were 81% (13/16), 81% (13/16), and 100% (16/16),
respectively. In three patients, the initial serum specimens that tested negative for IgM, despite the presence of symptoms of
acute hepatitis and elevated alanine aminotransferase (ALT) levels, were positive for HEV antigen and HEV RNA. In contrast,
the serum samples of the three RNA-negative patients were antigen positive (and IgM positive), possibly due to the degradation
of HEV nucleic acids. Our results suggest that this new antigen detection method has acceptable concordance with RNA detec-
tion and could serve as an important tool for diagnosing acute hepatitis E.

Hepatitis E is an enterically transmitted viral hepatitis caused
by hepatitis E virus (HEV) infection (1). Hepatitis E is a seri-

ous public health problem in many countries (especially develop-
ing countries), with a mortality rate of approximately 20 to 25%
among pregnant women (2). HEV is a 34-nm, nonenveloped, and
icosahedral virus (3) with a 7.2-kb positive-sense single-stranded
RNA genome containing three open reading frames. Open read-
ing frame 2 (ORF2) (660 amino acids) encodes the major viral
capsid (4). Mammalian HEV is divided into four genotypes with
distinct geographic distributions and prevalences (5, 6).

Most patients with acute hepatitis E infection present with typ-
ical acute hepatitis symptoms, such as jaundice and dark urine.
Typical biochemical changes in acute HEV patients include in-
creased serum levels of alanine aminotransferase and aspartate
aminotransferase (ALT and AST, respectively) and bilirubin;
however, these factors are not specific for hepatitis E, as increases
also occur due to other viral and nonviral forms of liver injury.
The most commonly used tests specific for diagnosing HEV
infection detect anti-HEV IgM and HEV RNA. In acute hepa-
titis E patients, anti-HEV IgM can typically be detected within
3 to 4 days after the onset of jaundice and can persist for an
average of 5 months (7). The presence of anti-HEV IgM pro-
vides evidence of recent HEV infection; however, its short de-
tection period indicates that anti-HEV IgM is unsuitable as a
single marker for current infection in acute hepatitis E patients.
In contrast, the detection of HEV RNA provides a specific and
highly sensitive approach to the diagnosis of current HEV in-
fection. However, RNA detection is technically complex, cum-
bersome, costly, and prone to contamination. Moreover, as a
type of naked RNA virus, the virions of HEV are unstable (8),
and the nucleic acids are easily degraded.

The laboratory diagnosis of the pathogen relies on the direct
detection of one of its components (i.e., nucleic acids or proteins).
The detection of the HEV capsid protein has been attempted using

a sandwich enzyme immunoassay (9). An analysis of serial sam-
ples from HEV-infected rhesus monkeys showed that the HEV
capsid antigen could be detected almost simultaneously with the
RNA in stool, but the capsid antigen disappeared 2 to 3 weeks
earlier than the RNA. Furthermore, the period of antigen positiv-
ity was shorter in the serum than in the stool. Thus, the period of
antigen positivity did not match the period of ALT elevation in
most rhesus monkeys.

In this study, we improved HEV antigen detection by using a
different antibody pair in a sandwich enzyme immunoassay. Our
results show that the novel method has good concordance with
RNA detection, and the positive period for the serum viral antigen
was, on average, 3 weeks longer than was previously reported.
By using this improved high-sensitivity HEV antigen detection
method, we conducted this study to further define the role of HEV
antigen detection in acute hepatitis E infection through a compar-
ative analysis of current HEV infection-related markers, such as
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the HEV antigen, HEV RNA, anti-HEV IgM, and elevated ALT
levels.

MATERIALS AND METHODS
Monoclonal antibodies and hepatitis E virus. A panel of 95 monoclonal
antibodies (MAbs) that recognize the HEV capsid were obtained using a
standard murine MAb preparation protocol (10) from mice immunized
with recombinantly expressed HEV capsid. The recombinant protein rep-
resents a portion of the HEV capsid protein encompassed within recom-
binant particle protein p239 (amino acids 368 to 606) (11) and recombi-
nant dimer protein E2 (amino acids 394 to 606) (12). Monoclonal
antibody (MAb) no. 4 was donated by Youchun Wang (9). The viruses
were isolated from stool samples from rhesus monkeys infected with HEV
genotype 1 virus (strain Xinjiang), genotype 3 virus (strain JRC-HE3),
and genotype 4 virus (strain Ch-S-1).

Detection of HEV RNA by quantitative reverse transcriptase PCR.
HEV RNA was purified from 50 �l of each stool and serum sample from
HEV-infected rhesus monkeys and clinical serum specimens from con-
firmed hepatitis E cases. The copy number of HEV RNA was determined
using a quantitative real-time reverse transcriptase PCR (RT-PCR) assay,
as previously reported (13). A CFX96 real-time system and C1000 thermal
cycler device (Bio-Rad, Inc., Hercules, CA) were used for all real-time
RT-PCR tests. For the generation of standard quantitation curves, the
threshold cycle (CT) values were plotted as a function of the input HEV
viral copy numbers. The copy numbers were determined by calibrating
the concentration of the plasmid standard.

Antigen detection protocol for the sandwich ELISA with 12F12 as
the capture Ab. A sandwich enzyme-linked immunosorbent assay
(ELISA) was established by coating microtiter plates with MAb 12F12 and
detecting the captured antigen with horseradish peroxidase (HRP)-con-
jugated MAb no. 4. The microtiter plates were coated with 500 ng per well
of MAb 12F12 and then washed once with phosphate-buffered saline
(PBS) containing 0.5% (wt/vol) Tween 20 (PBST) and blocked with 200
�l of PBS containing 2% (wt/vol) bovine serum albumin (BSA). A total of
50 �l of serum or stool sample was added and incubated for 60 min at
37°C without washing. Next, the plates were incubated with 100 �l per
well of MAb 4-HRP solution at 37°C for 30 min and then washed five
times with PBST. Subsequently, 100 �l of tetramethylbenzidine substrate
solution was added and incubated for 15 min at 37°C. The absorbance was
measured at 450 nm, with 620 nm as a background, using a microplate
reader (Autobio, Zhengzhou, China).

Analysis of the corresponding relationship between novel antigen
detection and RNA detection. Two stool samples from rhesus monkeys
infected with each genotype and exhibiting high HEV viral loads were
evaluated in parallel. After a preliminary evaluation and adjustment,
2-fold serial dilutions were prepared for all six specimens prior to simul-
taneous testing for RNA and antigen. The results were analyzed with the
GraphPad Prism software. A curve was fitted for nonlinear regression with
log[agonist] versus response � variable slope.

Analysis of samples from rhesus monkeys infected with HEV geno-
types 1, 3, and 4. Rhesus monkeys were infected with virus, and serial
samples (including those from feces and serum) were collected as previ-
ously described (14). Briefly, the rhesus monkeys were inoculated with
1E07 copies of HEV. The serum samples were analyzed for anti-HEV
antibodies (Wantai Biopharm, Beijing, China), HEV RNA, ALT (Wantai
Biopharm), and HEV antigen. The results of the HEV antigen, anti-HEV
IgM, and anti-HEV IgG assays are shown as a positive-to-negative ratio
(P/N). The baseline serum samples from three monkeys served as negative
controls. The mean value of the baseline serum samples from the three
monkeys was �0.05; thus, 0.05 was used as the negative control. A P/N
value of �2.1 was defined as positive.

Collection and analysis of a series of serum samples from acute hep-
atitis E patients. Samples were collected from acute hepatitis E patients in
Dongtai, Jiangsu Province (China) from June 2011 to May 2012. The
probable cases of acute hepatitis were defined as patients who suffered

from fatigue and/or loss of appetite for �3 days and who had an elevated
ALT level of �2.5-fold above the upper limit of normal (ULN). Serum
samples from the acute hepatitis patients were collected between 2 and 12
days after the onset of symptoms and at �1 follow-up time point. The
serum samples were tested for ALT, anti-HEV antibodies, and HEV RNA
(using the methods described above). The anti-HEV IgG level of each
sample was determined using a WHO reference serum (15). The con-
firmed cases of acute hepatitis E were defined as those meeting at least two
of the following criteria: (i) the presentation of HEV RNA within 35 days
after onset, (ii) IgM seroconversion within 70 days after onset, or (iii)
a �4-fold increase in IgG levels in paired sera. Among 41 possible hepa-
titis E patients, 32 patients were subjected to follow-up, and a total of 16
cases were confirmed acute hepatitis E cases. The confirmed cases were
included in this study. The serum specimens from the confirmed acute
HEV patients were further analyzed for HEV antigen using the improved
sandwich ELISA. The cutoff value of the antigen sandwich ELISA was
determined using 1,424 non-HEV (normal ALT levels, HEV RNA nega-
tive, and anti-HEV antibody negative) volunteer blood donor serum sam-
ples from the Xiamen blood station. Twenty-six RNA-positive serum
specimens from acute hepatitis E patients were also collected to analyze
the specificity of the sandwich ELISA. Sixteen serum samples from hepa-
titis A patients, 65 serum samples from hepatitis B patients, and 46 serum
samples from hepatitis C patients were also included to analyze the spec-
ificity of the sandwich ELISA. Hepatitis A patients were defined as hepa-
titis patients who were hepatitis A virus (HAV) IgM positive and negative
for hepatitis B virus (HBV), hepatitis C virus (HCV), and HEV markers.
Hepatitis B patients were defined as hepatitis patients who were HBsAg
positive and negative for HAV, HCV, and HEV markers. Hepatitis C
patients were defined as hepatitis patients who were HCV IgG positive and
negative for other viral hepatitis markers.

RESULTS
Calibration curve of the sandwich ELISA. A sandwich ELISA was
established by coating microtiter plates with MAb 12F12 and us-
ing HRP- conjugated MAb no. 4 for detection. The paired MAbs
were screened from a panel containing 96 anti-HEV MAbs. The
selection process for this pair of MAbs in establishing the sand-
wich ELISA is shown in Fig. S1 in the supplemental material.

Most human hepatitis E virus strains belong to genotypes 1, 3,
and 4; human genotype 2 has been detected less frequently and is
responsible for a single epidemic in Mexico. Thus, we tested the
improved ELISA method on viruses from genotypes 1, 3, and 4. To
investigate the relationship between antigen detection and RNA
viral load, we conducted simultaneous tests on serially diluted
specimens. The calibration curves of the concentration of antigen
versus viral load for the sandwich ELISA were established using
the serially diluted genotype 1, 3, and 4 virions. The results showed
a direct correlation between the antigen test and RNA viral load in
the range of 6.3 � 103 to 9.2 � 105 copies/ml of viral particles (Fig.
1). The strong correlation between the optical density of the anti-
gen and RNA viral load for all three genotypes of hepatitis E sup-
ported the finding that the primary MAb recognized an epitope
common to all three HEV genotypes.

Diagnostic performance of the novel antigen detection
method on serial samples from rhesus monkeys inoculated with
HEV. To identify the period of HEV antigen detection in the sera,
the series serum samples from three monkeys inoculated with
HEV genotypes 1, 3, and 4 were tested for HEV antigen using a
novel detection method; simultaneously, we determined the levels
of HEV RNA, anti-HEV antibodies, and ALT in these samples.

As shown in Fig. 2, the HEV antigen had good concordance
with RNA viral load. Both antigen and nucleic acids were detect-
able at 7 to 10 days postinoculation (p.i.) and remained positive
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for 5 to 7 weeks in the serum samples from all three monkeys.
These results are in contrast with those of an earlier study in which
antigen positivity was observed for 2 to 4 weeks in serum, while
RNA in the stool was detectable for 5 to 8 weeks. Anti-HEV IgM
seroconversion and ALT elevation were detected 1 to 2 weeks
later, with the samples becoming positive for anti-HEV IgG at 21
to 28 days p.i. Both antigen and RNA became undetectable ap-
proximately 3 weeks after IgG-positive seroconversion.

The HEV antigen and RNA viral load were also measured in
fecal samples; the fecal HEV antigen and RNA levels were sim-
ilar to those detected in the serum (see Fig. S2 in the supple-
mental material). HEV antigen and HEV RNA became positive
and then undetectable almost simultaneously. HEV antigen
positivity and RNA positivity were observed from 7 to 56
days p.i.

Determination of the cutoff value and specificity of the sand-
wich ELISA. The cutoff value was determined before the sandwich
ELISA was performed in clinical serum samples. Using 1,424 non-
HEV (normal ALT levels, HEV RNA negative, and anti-HEV an-
tibody negative) volunteer blood donor serum samples from the
Xiamen blood station (see Fig. S3 in the supplemental material),
the cutoff value of the antigen sandwich ELISA was determined to
be a mean optical density plus 8 standard deviations (SDs) of 0.12.
The calculated specificity was 100%, and when the cutoff value
was set at 0.12, none of the serum samples from the healthy pop-
ulation were HEV antigen positive (Fig. 3). Twenty-six RNA-pos-
itive serum specimens from acute hepatitis E patients were posi-
tive for HEV antigen. Sixteen serum samples from hepatitis A
patients, 65 serum samples from hepatitis B patients, and 46 se-
rum samples from hepatitis C patients were collected and used as
disease controls; all hepatitis A, B, and C serum samples were
negative for HEV antigen detection (Fig. 3).

Relationship between HEV antigen, HEV RNA, anti-HEV
IgM, and ALT in serial clinical serum specimens collected from
confirmed hepatitis E cases. To compare the capsid antigen with
other acute hepatitis E-related markers, we used a series of serum
specimens from 16 acute hepatitis E patients for further analysis.
These 16 acute hepatitis E patients were identified during June
2011 to May 2012 in Dongtai, Jiangsu Province, China. Potential
acute hepatitis patients meeting at least two of three acute hepatitis
E-related criteria (i.e., HEV RNA positivity, anti-HEV IgM posi-
tivity, and a 4-fold increase in anti-HEV IgG) were considered to
be confirmed acute hepatitis E patients. The presence of HEV
antigen in 47 serum specimens from these 16 acute hepatitis E
patients was tested for and then compared with HEV RNA, anti-
HEV antibody, and ALT data.

As shown in Fig. 4, the first serum samples collected from all 16
patients were identified as HEV antigen positive by the novel de-
tection method, while only 13 of these samples were anti-HEV
IgM positive. In the three IgM-negative serum samples, HEV RNA
and HEV antigen were positively identified, indicating the pres-
ence of the pathogen in the first serum samples collected from
these three acute hepatitis E patients, despite an undetectable an-
tibody response. The follow-up serum samples from these three
patients showed both an anti-HEV IgM seroconversion and a
4-fold elevation in anti-HEV IgG, which confirmed that these
three patients were infected with HEV. To our surprise, three of
the 16 serum samples collected in the initial round were HEV RNA
negative but HEV antigen and anti-HEV IgM positive. These three
serum samples also tested RNA negative when using a reverse
transcriptase PCR (RT-PCR) assay with different primers (16).

Figure 5 presents the ALT, anti-HEV IgM, and pathogen dy-
namics observed during the progression of the illness. The nor-
malization of ALT levels and virus clearance were achieved in
most patients within 28 days after the onset of symptoms. All HEV
RNA-positive serum specimens but one were collected during the
14 days after the onset of symptoms.

HEV antigen positivity was observed mainly during the 28 days
after the onset of symptoms. Periods of HEV antigen positivity
and HEV RNA positivity were present in the early phase and were
similar to the period of ALT elevation. This finding confirms that
the pathogen indicators are related to the acute phase of hepatitis
E infection and are accompanied by elevated ALT levels and clin-
ical symptoms. Most patients were positive for anti-HEV IgM at
the time of first serum collection, with anti-HEV IgM levels reach-
ing a peak at 29 to 56 days after the onset of symptoms. HEV IgM
was negative in all samples collected 225 days after the onset of
symptoms.

DISCUSSION

HEV is one of the major causes of acute hepatitis worldwide (17).
Several diagnostic assays for anti-HEV antibodies are available,
but they often provide discordant results. The presence of anti-
HEV IgG represents either recent or remote exposure and is a
marker of anamnesis exposure. The detection of anti-HEV-IgM is
currently regarded as the routine method for diagnosing acute
HEV infection, despite the fact that IgM can persist for an average
of 5 months in HEV-infected patients, while the acute phase of
hepatitis E lasts for several weeks (18). Therefore, anti-HEV IgM
indicates recent but not current infection. To the best of our
knowledge, HEV RNA is considered the gold standard for the
detection of both acute and chronic current infection. However,

FIG 1 The standard curves of the sandwich ELISA were established using
serially diluted stool samples from HEV-infected rhesus macaques (genotype
1, pink [sample 1, closed circle; sample 2, open circle]; genotype 3, blue [sam-
ple 1, closed square; sample 2, open square]; genotype 4, purple [sample 1,
closed triangle; sample 2, open triangle]) as antigen targets. Serially diluted
HEV viral loads were quantified by real-time RT-PCR. The results were ana-
lyzed with the GraphPad Prism software. A curve was fitted for nonlinear
regression. The sandwich ELISA had similar detection abilities for viruses with
different genotypes. The range of correlation between the viruses was 6.3 � 103

to 9.2 � 105 copies/ml.
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FIG 2 The relationship between HEV antigen, antibodies, RNA, and ALT on serial serum samples collected from rhesus monkeys infected with genotype 1 (A),
genotype 3 (B), and genotype 4 (C) HEV. The results of anti-HEV antibody and antigen detection were recorded as positive-to-negative ratio (P/N). A P/N value
of �2.1 was defined as positive. An abnormal ALT level was defined as �40 U/liter. The results of ALT and anti-HEV IgG are shown as closed and open bars
(above each panel), respectively. The closed bars indicate anti-HEV IgG positivity/abnormal ALT levels, and the open bars indicate anti-HEV IgG negativity/
normal ALT levels.
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RNA detection is difficult to control and is available only in spe-
cialized laboratories. HEV antigen, another indicator of current
pathogen presence, is better correlated with current HEV infec-
tion (19) and markers of liver function (20) than with anti-HEV
IgM. Hence, a good antigen reagent will play a key role in the
diagnosis of acute hepatitis E infection.

In this study, we established an improved sandwich ELISA for
detecting HEV antigen. In an analysis of serial stool and serum
samples from HEV-infected rhesus monkeys using this new
method, we found that the presence of HEV antigen was in con-
cordance with the presence of RNA. In all three monkeys, both
HEV antigen and RNA were detectable in the serum samples for 5

to 7 weeks, which represents an average of 3 weeks longer than
what was previously reported (9). The detectable periods for HEV
antigen and RNA in the serum samples were similar to those in
feces, which also differed from the results based on the previously
reported method (9). In summary, our novel method showed
good sensitivity for detection in serum samples that may be attrib-
uted to the high affinity of MAbs for the HEV antigen used in the
new method. The MAbs have the ability to compete for the viral
antigen with host-specific antibodies, which form a complex with
the antigen and affect antigen detection in serum samples. With
this improvement, viral antigens were still detectable, even when
an anti-HEV antibody response was present. Moreover, the anti-
gen-positive phases in the serum samples almost completely over-
lapped with the ALT elevation periods. This differed from previ-
ously reported results in which the antigen-positive periods in sera
showed poor agreement with elevated ALT levels in most HEV-
infected rhesus monkeys. Because ALT elevation is a representa-
tive indicator for acute hepatitis and is highly correlated with
related symptoms, the novel antigen detection method truly
indicates current infection with HEV and the acute phase of
hepatitis E.

The novel ELISA method showed positive results using the first
serum sample collected from 16 confirmed acute hepatitis E pa-
tients. This indicates that the HEV antigen is a valuable indicator
of acute hepatitis E and that this novel antigen detection method
has a high sensitivity for diagnosing hepatitis E virus infection.
Notably, three of these 16 first serum samples were HEV RNA
negative but HEV antigen and anti-HEV IgM positive. Moreover,
a 4-fold increase in anti-HEV IgG was observed in serial serum
samples collected from these three patients. This phenomenon
may be attributable to the degradation of HEV RNA during the
storage and transportation steps, which is an additional limitation
of the extensive use of RNA for detection.

From the results of the samples from the acute hepatitis E pa-
tients, we also found that the first serum samples collected from
three patients were anti-HEV IgM negative but pathogen positive
(both RNA and antigen positive). This finding indicated that these
three patients were in the early stages of infection and that anti-
body responses to the current infection were undetectable. The
typical HEV infection model shows that acute hepatitis E is ac-
companied by an increase in anti-HEV IgM concentrations (18).
However, in these three patients, ALT elevation and acute hepati-
tis symptoms were present without significant IgM seroconver-
sion, suggesting that HEV infection also resulted in liver injury

FIG 3 The cutoff value and the specificity of the antigen sandwich ELISA were
determined using 1,424 non-HEV specimens and 26 RNA-positive serum
specimens collected from acute hepatitis E patients. The 1,424 non-HEV se-
rum specimens were defined as those with normal ALT levels and were nega-
tive for HEV RNA and anti-HEV antibodies. The cutoff value was set as the
mean optical density plus 8 SDs (0.12). The dotted line represents the cutoff
value of the antigen. Sixteen serum specimens from hepatitis A patients, 65
serum specimens from hepatitis B patients, and 46 serum specimens from
hepatitis C patients were included in this analysis to evaluate the specificity of
the method. The detection results for each group are shown as the range (whis-
kers), interquartile range (boxes), and median (line within boxes).

FIG 4 A schematic of the diagnostic tests conducted on the first serum samples collected from confirmed acute hepatitis E cases, with the results obtained for
anti-HEV IgM, HEV RNA, and HEV antigen (Ag) testing. Sixteen patients were included. The first serum samples collected from 13 patients were positive for
RNA detection. The first sera collected from three patients were negative for anti-HEV IgM detection. All samples were HEV antigen positive.
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and other related diseases before the appearance of anti-HEV IgM.
Due to the lack of genotype 2 clinical samples and isolated
viruses, this study showed that this improved method has good
sensitivity for viral and clinical serum samples with genotypes
1, 3, and 4. However, the use of genotype 2 recombinant capsid
E2 as an alternative for detection suggested that this sandwich
ELISA possesses the same detection ability for recombinant
capsids from all 4 genotypes (see Fig. S4 in the supplemental
material).

In conclusion, this study developed a novel antigen detection
method with good sensitivity for both pathogen detection and
indication of the acute phase of hepatitis E. An analysis based on
this novel method further confirmed that the HEV antigen, as an
indicator of the pathogen, is highly consistent with the presence of
viral RNA and coincides with acute hepatitis E infection. Consid-
ering the instability of HEV RNA, this novel antigen detection
method should be valuable for widespread use as a hepatitis E
diagnostic tool. HEV antigen detection based on this novel
method will play an important role in the diagnosis of acute
hepatitis E and screening for HEV-positive blood donors, both
in the acute phase and during the period after seroconversion
to anti-HEV.
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