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A. BN across all 1565 participants. Next, we conducted the
detecting [gM among those who tested positive for total
anti-HEV immunoglobulins, using an anti-HEV IgM
RecomLine LIA, Mikrogen GmbH, Germany. For the final
phase, the positive anti-HEV IgM cases were tested by
RT-PCR to confirm HEV RNA presence.

Additionally, in the study, we estimated an
epidemiological trend of HEV transmission and
association between HEV infection prevalence and
various socio-demographic factors based on previously
developed questionnaire (Figure 1).

According to recently accepted meta-analysis from our
department (Mirzaev U, Tanaka | et al, BMC Inf.Dis.,
accepted, 2024) the seroprevalence of Hepatitis E in
Cambodia is 19.6%, which means that Cambodia is
endemic for HEV. However, there is no information
about the HEV seroprevalence among pregnant women,
which are at risk of development of severe clinical
course with serious outcome [1].

The principal goal of this study was to develop a new
in-house ELISA method that is user-friendly, cost-
effective, and less prone to errors by laboratory

personnel. Because pregnant women are at an  C. FFZE#ER

increased risk of experiencing severe HEV infections, The newly developed In-house ELISA showed a
especially in highly endemic areas including Cambodia, sensitivity of 76% and specificity of 94.1% against the
we then estimated the prevalence of HEV among this Institute of Immunology kit, with a Cohen’s kappa of
specific population 0.61. Against the RecomLine LIA by Mikrogen, it

demonstrated a sensitivity of 71.4% and specificity of
98.6%, with a Cohen’s kappa of 0.76 (Table 1). Both

o3
B. ﬁ_ﬁhﬁ'ﬁ . tests had an area under the curve (AUC) of 0.85,
The 11?-ho.use ELISA was demgned for large-scale indicating good diagnostic accuracy (Figures 2 and 3).
screening in resource-limited settings. Its performance The prevalence of total anti-HEV among 1565 pregnant
was benchmarked against two commercial tests: the women was found to be 11.6% (181/1565). The

Anti-HEV IgG EIA (Institute O_f Immuno.logy, Co. Ltd) prevalence of anti-HEV IgM among 181 total anti-HEV
and the Anti-HEV IgG RecomLine LIA (Mikrogen). This was 22.7% (41 cases), indicating recent or ongoing

study builds upon a previous research project on the infection.

investigation of mother-to-child transmission of The prevalence of total anti-HEV varied significantly
hepatitis B virus infection undertaken in Cambodia in across age groups, with higher rates observed in older
2020, which involved 1565 pregnant women from women. Multivariate analysis revealed no significant
three hospitals in the Siem Reap region using a association between total anti-HEV immunoglobulins
convenient sampling strategy [2]. The blood samples positivity and socio-demographic factors such as
were collected from all participants and stored at —-25°C education level, occupation, family size, or history of
for later analysis, and a well-structured questionnaire blood transfusion and surgical operations, except age
in the local Khmer language was used to gather and occupation of head of household as public officer.
sociodemographic information. The anti-HEV IgM presence was not associated with
After accuracy assessment, we estimated the any of those factors.

prevalence of total anti-HEV using the in-house ELISA
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HEV RNA was not detected in any of the 41 anti-HEV
IgM positive samples, suggesting the absence of active
viral replication among the participants.

D. #¥
The new in-house ELISA assay showed strong
agreement with established commercial tests,

achieving agreement scores of 0.76 and 0.61 with
RecomLine, Mikrogen, Germany, and the Institute of
Immunology, respectively. Despite variations in
sensitivity and specificity among commercial systems
and the absence of a universally accepted standard for
HEV antibody detection, this assay is a promising tool
for widespread screening in HEV-endemic, resource-
limited settings [3, 4].

Research on stored sera from pregnant women
indicated an 11.6% positivity for anti-HEV antibodies,
with seroprevalence increasing with age, suggesting
lifelong HEV exposure. Additionally, 22.7% of these
positive cases had IgM antibodies, predominantly in
younger women, indicating recent or ongoing
infections.

Given the severe risks HEV poses during pregnancy,
especially in the third trimester, our study underscores
the urgency of HEV screening and preventive measures,
such as maintaining hygiene and avoiding undercooked
meat. The strengths of this study include its large
sample size, the use of a novel ELISA method, and
comprehensive analysis of HEV immunoglobulin
prevalence.

E. i&iR

Our study on the prevalence of Hepatitis E Virus (HEV)
among pregnant women in Siem Reap, Cambodia,
found that tested positive for total anti-HEV antibodies
11.6%, and 22.7% among last were IgM positives ,
highlighting the significant risk of severe outcomes
such as acute liver failure during pregnancy. The newly
developed in-house double antigen sandwich ELISA
method proved to be an effective diagnostic tool,
particularly suitable for use in areas with limited
resources, and it aids in better understanding the
epidemiological trends of HEV.

The absence of HEV RNA in samples positive for anti-
HEV IgM could indicate either false positive results or
transient viremia. The study also identified factors such
as older age and occupation as a public officer as being
linked to higher rates of HEV seropositivity, suggesting
increased risk due to prolonged exposure.

These findings underscore the importance of
implementing stronger preventive strategies, including
enhanced hygiene practices and food safety measures.
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Antenatal care centers at three hospitals,
Siem Reap, Cambodia (2020)
1565 pregnant women’s stocked sera

Random selection of 262 serum samples from 1565 Cambodian
pregnant women'’s serum for assessment of accuracy of the test

¢ In-house Double antigen Sandwich ELISA
(Newly developed)

Phase 1

< Anti-HEV IgG EIA
(Institute of Immunology, Co.Ltd, Japan)

«» Anti-HEV IgG Line Immunoassay (LIA)
(Mikrogen RecomLine)

Assessment of accuracy (sensitivity, specificity, ROC-curves, area
under curve) and agreement (agreement %, Cohen’s kappa) of test

Phase 2

Overall total anti-HEV screening by newly developed In-house
Double antigen Sandwich ELISA

All 1565 samples

Phase 3

Phase 4

Anti-HEV IgM screening of positive samples of phase 2

Mikrogen RecomLine anti-HEV IgM

HEV RNA screening of positive samples of phase 3

Nested RT-PCR

(Using Universal primer)

Figure 1. The outline and the phases of the study


https://www.who.int/news-room/fact-sheets/detail/hepatitis-e
https://www.who.int/news-room/fact-sheets/detail/hepatitis-e
https://doi.org/10.1128/jcm.02343%E2%80%9015
https://doi.org/10.1371/journal.pone.0272809

ROC-curve In-house vs Mikrogen
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Figure 2. Comparison of commercial test system “RecomLine anti-HEV IgG”, Mikrogen, Germany, and newly
developed In-house Sandwich ELISA method

(Horizontal interrupted line - 0.24, OD cut-off value of In-house double antigen Sandwich ELISA; RecomLine anti-
HEV IgM/IgG is line immunoassay (strips) is qualitative method, the positivity of the assay is measured by the
number of lines appearance on the strip following the manufacturer’s instructions).

ROC-curve In-house ELISA vs Institute of Immunology
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Figure 3. Comparison of commercial test system “anti-HEV IgG EIA”, Institute of Immunology, Co. Ltd, Japan, and our
newly developed In-house Sandwich ELISA method.

(Vertical red interrupted line - 0.198, OD cut-off value of Anti-HEV IgG EIA, Institute of Immunology, Co. Ltd, Japan;
Horizontal interrupted line - 0.24, OD cut-off value of In-house double antigen Sandwich ELISA).
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Table 1. Accuracy assessment of newly developed in-house double antigen sandwich enzyme-linked
immunosorbent assay (ELISA) against two commercial test systems.

Anti-HEV lgG EIA Anti-HEV 1gG LIA
(Institute of (RecomLine;
Immunology)® Mikrogen)®

Test system Positive Negative Positive Megative

In-house double-antigen sandwich ELISA

Paositive 19 14 30 3
Megative & 223 12 217
Total 25 237 42 220

Accuracy and agreement levels of the newly developed in-house double
sandwich ELISA with each commercial test system as a reference method

Sensitivity (%) 76.00 71.40
Specificity (%) 94.10 98.60
Agreement (%) 92.40 24.30
Cohen's kappa 0.61 0.76

Abbreviations: EIA, enzyme immunoassay; HEV, hepatitis E virus; 1gG,
immunoglobulin G; LIA, line immunoassay.

*The method was set as a reference (“gold standard”) for the
assessment of sensitivity and specificity.
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