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a  b  s  t  r  a  c  t

Background:  Hepatitis  E virus  diagnosis  still  presents  difficulties  due  to discordant  results  among  diag-
nostic  tests.
Objectives:  The  aim  of  this  study  was  to  evaluate  the performance  of  two rapid  tests  for  detection  of
anti-HEV  IgM  antibodies.
Study design:  The  rapid  tests  were  compared  with  three  commercial  anti-HEV  ELISA assays  and  one
Real-Time  PCR  assay  on 59 sera  from  patients  with  acute  viral  non-AC  hepatitis.
Results: The  presence  of  anti-HEV  IgM  antibodies  was  evaluated  by two rapid  tests  (Wantai  and  Assure)
on  25  HEV  RNA  positive  samples.  Anti-HEV  IgM  antibodies  were  detected  in  24/25  and  23/25  samples
respectively.  The  sensitivity  and  specificity  of  Wantai  and  Assure  Rapid  tests  were  evaluated  using the
25  HEV  RNA  positive  samples  and  50 HEV  RNA  negative  samples  (including  sera  from  acute-phase  HAV
and  HBV  infections  and  blood  donors).  Overall,  the  sensitivity  of  Wantai  Rapid  and  Assure  Rapid  tests
was  96.1%  and  92.6%  respectively;  the specificity  of the  2 tests  was  100%.
Conclusion:  Our  data  suggest  the  potential  use  of  anti-HEV  IgM rapid  assays  as  a first  line  test  in primary
health  care  settings,  particularly  useful  for patients  with  chronic  liver  disease  or  pregnant  women  who
urgently  need  an  antiviral  treatment.

©  2016  Elsevier  B.V.  All  rights  reserved.

1. Background

Hepatitis E virus (HEV) is a major cause of water-borne hepatitis
outbreaks in countries with poor sanitation and of sporadic acute
viral hepatitis cases in endemic and industrialized countries [1].
Over the last one decade, an increasing number of autochthonous
cases has been reported in Western Europe suggesting that hepati-
tis E is an emerging disease in developed countries [2–7]. In Italy,
most cases of acute infections were imported from endemic areas
and caused by genotype 1 while some autochthonous cases, caused
by genotype 3, were also reported [8,9].

In Western countries HEV diagnosis still presents difficulties.
Usually, serum samples are sent to Reference Centers for anti-HEV
IgM detection and HEV RNA test. The entire process, delaying the
diagnostic response, is of limited use particularly to those patients
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with chronic liver disease who might benefit from early treatment
with ribavirin [10]. Moreover, in some cases proper diagnosis may
be difficult to obtain as positivity for anti-HEV IgM may  be not con-
firmed by different commercial assays and sensitivity of HEV RNA
test showed variability among different laboratories [9,11].

In the last years, several point-of-care (POC) tests for rapid diag-
nosis of Influenza, HIV and HCV infections have been implemented
[12]. More recently, rapid assays for detection of anti-HEV IgM have
been also developed. The HEV rapid assays seem to be useful as a
first-line test particularly in primary healthcare settings, that usu-
ally do not perform HEV diagnosis. Rapid assays provide a result in
less than 1 h, accelerating the entire procedure for diagnostic con-
firmation. In this way, patient could rapidly benefit from treatment.
However, rapid tests still require analytical validation against most
commercial kits currently available for diagnosis of hepatitis E.
Moreover, HEV rapid assays are based on genotype 1 and 2 antigens
and should be evaluated for universal use on all HEV genotypes.
Thus, information on the performance of these tests in different
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geographical areas is needed, particularly in non-endemic regions
where a mixed circulation of genotypes 1 and 3 occurs [13–15].

2. Objectives

The aim of this study was to evaluate the performance of two
rapid tests for detection of anti-HEV IgM antibodies on 59 sera from
patients with acute viral non-A–C hepatitis hospitalized in Italy and
to compare the results with those from three commercial anti-HEV
IgM assays and one Real-Time PCR assay.

3. Study design

3.1. Patient samples

From 2004 to 2013, serum samples were collected from 59
patients with clinically suspected acute viral non-A–C hepatitis
hospitalized in 24 Italian infectious disease units from 12 of the 20
regions of Italy. Serum samples were sent to the Viral Hepatitis Unit
of the Italian National Institute of Health for diagnosis of HEV infec-
tion. The diagnosis of acute viral non-A–C hepatitis was  based on
serological and virological tests as described [9]. Sera from patients
with confirmed acute hepatitis A (n = 20), acute hepatitis B (n = 20)
and blood donors (n = 10), selected from available collections, were
used to test the specificity of anti-HEV IgM rapid tests. According
to the Italian Decree n.70, Art.2, 2001, all biological material and
clinical data were obtained for standard viral diagnosis. Data were
analyzed using an anonymized database.

3.2. Anti-HEV ELISA assays and Real-time PCR assays

All sera were tested by Bioelisa HEV IgM and Bioelisa HEV IgG
(Biokit), HEV IgM Elisa 3.0 (MP  diagnostics), HEV IgM Elisa (Wantai
Biopharm), and in-house Real-Time PCR assay for detection of HEV
genomic RNA (sensitivity range 100–250 copies/mL) as described
[9,11]. Where indicated, selected sera (n = 34) were also tested with
anti-EBV VCA IgM ELISA (Bio-Rad Medical Diagnostics) and Bioelisa
CMV  IgM (Biokit).

3.3. Anti-HEV rapid assays

All samples were tested using 2 commercial kits: Assure HEV
IgM Rapid test (MP  diagnostics) and HEV IgM Rapid test (Wantai
Biopharm). All assays were performed according to the manufac-
turer’s instructions. The result was considered positive if both the
internal control and the test band were stained; negative if only the
internal control was visible; invalid if the internal control line was
not visible.

3.4. Statistical analysis

Exact confidence intervals (CIs) were calculated by the method
of Clopper and Pearson [16].

4. Results

4.1. Sensitivity and specificity of anti-HEV IgM rapid tests

Fifty-nine serum samples from non-A–C hepatitis cases were
analyzed by a Real-Time PCR test for detection of HEV RNA. Twenty-
five samples had shown positive results for HEV RNA and were
used to assess the presence of anti-HEV IgM antibodies by Wantai
and Assure Rapid tests. The 25HEV RNA positive samples were also
analyzed by three anti-HEV IgM Elisa tests and one anti-HEV IgG
assay.

Anti-HEV IgM antibodies were detected in 24/25 samples by
Wantai Rapid test and in 23/25 samples by Assure Rapid test
(Table 1). Two samples showed a distinct serological pattern. In
one case, IgM antibodies were detected by Wantai Rapid test and
confirmed by other 2 IgM commercial assays. This sample was
also positive for IgG antibodies (Table 1, see patient 33). In the
other case, IgM and IgG antibodies were not detected by all assays
(Table 1, see patient 63).

The sensitivity and specificity of Wantai and Assure rapid tests
were evaluated using 25HEV RNA positive samples and 50HEV RNA
negative samples. These panel included 20 sera from patients with
Hepatitis A Virus (HAV) acute infections, 20 sera from patients with
Hepatitis B Virus (HBV) acute infections and 10 sera from blood
donors.

Overall, the sensitivity of Wantai Rapid and Assure Rapid
tests was  96.1% (95% CI = 79.6–99.9%) and 92.6% (95% CI = 74–99%)
respectively. The sensitivities of the two  rapid tests were not sig-
nificantly different (p > 0.05). The specificity of Wantai and Assure
Rapid tests was  100% (95% CI = 92.9–100%).

The Positive Predictive Value (PPV) for Wantai and Assure
rapid tests were 100% (95% CI = 85.8–100% and 85.2–100% respec-
tively). The Negative Predictive Value (NPV) was 98.04% (95%
CI = 89.6–100%) and 96.1% (95% CI = 86.8–99.5%) respectively.

Genotyping of 13HEV RNA positive samples revealed that 11
patients were infected with genotype 1a and 2 patients with geno-
type 3 [9,17]. Anti-HEV antibodies were detected in all 13 samples
by both rapid tests (Table 1).

Overall, the sensitivity of Bioelisa HEV IgM (Biokit), HEV IgM
Elisa 3.0 (MP  diagnostics) and HEV IgM Elisa (Wantai Biopharm)
tests was 92.0% (95% CI = 74–99%), 96.0% (95% CI = 79.6–99.9%) and
96.0% (95% CI = 79.6–99.9%) respectively. The sensitivities of the
3 tests were not significantly different (p > 0.05). Anti-HEV IgG
antibodies were found in 96.0% (95% CI = 79.6–99.9%) of HEV  RNA
positive acute cases by Bioelisa HEV IgG (Biokit).

4.2. Performance of rapid tests on samples showing inter-assay
discordance

Among the 59 serum samples from non-A–C hepatitis cases, 34
were negative for HEV RNA. The presence of anti-HEV antibodies
in these samples was  analysed by Wantai and Assure Rapid tests
and by three anti-HEV IgM Elisa tests and one anti-HEV IgG assay.
The results indicated that 25 samples were negative for IgM and
IgG antibodies by all assays, while 9 showed discordant results
(Table 2). In particular, 3 samples showed IgM antibodies by HEV
IgM Elisa 3.0 (MP  diagnostics) and 4 samples by Bioelisa HEV IgM
(Biokit). These data were not confirmed by the other anti-HEV IgM
assays suggesting they were probably false positive results (Table 2,
patients 76, 77, 41, 20, 30, 50 and 67). This hypothesis was  con-
firmed in two  cases, one positive for anti-EBV IgM and the other
for anti-CMV IgM (Table 2, patients 76 and 30). Finally, one sam-
ple showed only IgG antibodies, suggesting past infection (Table 2,
patient 32). Analysis by rapid tests revealed negative results in 8
cases, further supporting the hypothesis of false positive IgM results
for the first 7 samples, and past infection for 1 sample (Table 2).
Both rapid assays detected anti-HEV IgM antibodies in 1 sample.
Analysis of this serum by three anti-HEV IgM ELISA assays, as well
as by anti-EBV IgM and anti-CMV IgM tests, gave negative results
(Table 2, patient 74).

4.3. Concordance rates of rapid tests with anti-HEV IgM Elisa
assays and Real-Time PCR test

Concordance rates of rapid tests with other IgM assays and Real-
Time assay were also evaluated. The Wantai Rapid test showed a
concordance rate with Bioelisa HEV IgM (Biokit), HEV IgM ELISA
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