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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
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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).
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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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Sero-prevalence and Genotype Distribution of HDV Among HBsAg-Positive Pregnant Women in

Siem Reap, Cambodia: Development and Evaluation of an In-house Direct ELISA method.

H e T

Golda A. Akuffo, Ko Ko, #2111 32, ?AH & 2, =& 187
LERE KERERBIZMER EE - ERHEE

XARTIE. BEHBRPMRERDE (FAFERRBERMAER)
DNTERBUILV A IV AFRORZPMFTZSEER S UTEHT %,

MRES

BRIFFXATUAIRA (HBV) FitRREEDSEH 5%N D BFAVAILZ (HDV) ICRERELTWR EEN
Bh. ZDEEMERIETDBES HMICH > TULWERL, WHO guidelines for the prevention, diagnosis, care and
treatment for people with chronic Hepatitis infection, (WHO 20241) states that [C & L) /X T D HBV ek
HICHDV RV V-V TBREZTS L ZHRELTE D, HBV BREMR THZ 7 I T - 77U Atk
TOREBEERICIF. KDZETEBEDREEDHEILIN KD SN B,

ARAETIE. HDV JiiEkZE &R E I 2 26D In-House Direct ELISA ;EDHFZ H A oo

Y N7y 7D HBsAg G 67 ADRFMFZAWT HDV filAZAIE L. mIROBAEHREICEL D
AIERRELRT D & TEMEZIMU 2o

ZFOHER, MIROAEAEZREL UIEE D In-House Direct ELISA SZFDRE R L OFEEIX. Fh2
11.50.0% % £ 1 95.4% T3 > fco In-House Direct ELISA J&IC &K > T 4 #&1{K (4/67. 5.97%. 95%CI : 1.65-
14.59) THDV HifEM R ENrce 2D 55 2 RIETIE HDVRNA BIETH O, WInd HDV ExFE 1
THDIENAESI NI

KIAEICE WTHF U fc In-House Direct ELISA J&I&. TAR®D ELISA F v b & B U TRANDAFLP
TWREZRAWTED., FRITZBREEHARBRFEDIENS. HBV @REMX TH27IF - 7T7UN
HIRICE T 5 HDV FIIARBEDE RICEE TE S AREENH %,

B, KX TIETAWZRIERD HDV DA )L AENN Db > 2 E D HDV AR BRE ICRE L - Al B
HENHD, EVAIAEDREICLZERBEZTFEL TWD,

A. FFEEW Hepatitis D Virus (HDV) infection among individuals

Hepatitis Delta infecti ouslv k th already infected with Hepatitis B Virus surface antigen
cpatitis Uelta 1hiection previously Known as the (HBsAg) has significant clinical implications,

Orphan Disease because it was widely neglected due to . . T
. . . ; " particularly during pregnancy3. Cambodia, like many
its rarity and little awareness is caused by the Hepatitis : . .
; . C o ) low resourced settings lacks information on the
delta virus (HDV); a 1.7kb virus which is a defective . . . . .
. fthe Hepatitis B virus (HBV)2 Th ist f prevalence of anti-HDV in spite of its high HBV
virus otthe Hepatitis B virus - Lhecoexistence o prevalence. This is due to the inaccessibility of cheap

581



accurate testing*. This study presents a unique context
where 67 Cambodian pregnant women positive for
HBsAg were assessed for the prevalence of anti-HDV.
The research not only outlines the epidemiological
landscape but also introduces a novel method for anti-
HDV detection. In recognition of resource limitations
often encountered in settings like Siem Reap. , An In-
house Enzyme-Linked Immunosorbent Assay (ELISA)
was developed and meticulously evaluated for its
efficacy. This paper explores the intersection of these
critical elements—high  Anti-HDV  prevalence,
pregnancy, and the introduction of a tailored diagnostic
tool—offering insights that hold relevance for both
local healthcare contexts and broader discussions on
infectious diseases in resource-limited settings.

B. HARAE

This study is a continuum of a previous study on
mother-to-child transmission of HBV among 1565
pregnant women in Siem Reap, Cambodia in 2020.
Among the 1565 women, 67 (4.28%) tested positive for
HBsAg. This study involved the development of an In-
house direct Elisa method.

This was compared with a Commercial ELISA(My
BioSource, Inc, San Diego, USA) kit to assess its accuracy.
A 96-well microtiter plate was coated overnight with
50 pL of 500ng Recombinant HDVAg in 0.02M Tris-HCL
at 4°C. The next day, the coating antigen was removed,
and the wells blocked with 200 pL of 2% Human Serum
Albumin (HSA) in 0.02M Tris-HCL. After 1 hour of
incubation at room temperature, the plate was washed

three times with a washing buffer (8.9g NaCl, 0.05%
polysorbate 20 in 0.02M Tris-HCL) using an automatic
microplate washer.

Next, 50uL of patient samples and positive/negative
controls, diluted ten times with 5% HSA in 0.1% Tween
20 in 0.02M Tris-HCL, were added to the wells and
incubated at 37°C for 1 hour. The plate was washed
again, and 50 pL of peroxidase labelled anti-HDV IgG
horseradish peroxidase (HRP), diluted 2000 times, was
added and incubated at 37°C for 1 hour.

After further washing, 50 uL of TMB substrate was
added to each well and the plate was kept in the dark at
room temperature for 30 minutes. Readings were taken
at 450 nm after adding 50 pL of stop solution. The cut-
off for the ELISA test was determined as the mean
absorbance of the negative controls multiplied by four.
To assess the new method, all 67 samples from HBsAg
pregnant women were analyzed with both the
developed direct ELISA method test and the
commercial test. Sensitivity and specificity of the new
test was calculated by ROC curve analysis the
commercial test as the gold standard. To ascertain the
prevalence of anti-HDV we detected Anti-HDV in all 67
HBsAg-positive sera using a newly developed in-house
ELISA methods.

HDV RNA was tested among all anti-HDV positive
samples using nested polymerase chain reaction
(nested PCR). Relevant information related to HDV was
extracted from questionnaires used for the HBV study.
Refer to (Figure 1)

Pregnant women screened in the 2020 Siem

Reap Cambodia Study for HBsAg

Pregnant women positi

for HBsAg(+)

N=67 (
(Subjects for

Developed In

House Direct ELISA

Commercial Test
kit

(MyBiosource)

- Sensitivity and specificity

=  ROC Analysis

HDVRNA detection using
Nested PCR

Figure 1: Flow of study.
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C. iR

In this study the sensitivity and specificity of the Direct
In-house ELISA compared with the commercial test
were 50.0% and 95.4%, respectively (figure 2). Anti-
HDV was detected in 4(4/67) samples by the in-house
Direct ELISA method, giving a prevalence of 5.97%
(95% CI:1.65-14.59). Of the anti-HDV positive samples,
2(2/4) tested HDV RNA positive, with both samples
belonging to the HDV1 genotype with close similarities
to the west African types (figure 4).

Prevalence of HDVRNA was 2.99% (95% CI: 0.36-10.4)
among the 67 HBsAg positive pregnant women while
the Anti-HDV prevalence among all pregnant women
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was 0.26% (95% CI: 0.07-0.65). The ages pregnant
women who were anti-HDV positives ranged between
21 and 49 years old, with majority of the pregnant
women in the 25 to 29 age range (Figure 3). Among the
anti HDV pregnant women none of them had been
given blood transfusion, had surgery, or been HB
vaccinated. None of them tested positive for HCV,
syphilis, or HIV. On the other hand, both pregnant
women who tested HDVRNA positive had highest HBV
viral titers of 6.67 x 107 copies/ml and 2.94 x 104
compared to the rest who were also AntiHDV positive.
Two of these anti HDV positive them were infected with
HBV genotype C whilst the rest were unknown.

1.00

AUC=0.90

Sensitivity
True Positive

0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
1-Specificity
False Positive
Cut off 0.33
Sensitivity: 50.0%
Specificity:95.4%

Figure 2: ROC curve showing results of comparison of Developed in-house direct ELISA method and
Commercial test.
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Figure 3: Age distribution of 67 HBsAg (+) pregnant women showing distribution of four Anti-HDV positive pregnant
women; Two in the 25-29-year group and one each in the 30 - 34 and over forty-year groups.
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Figure 4: Phylogenetic tree showing Genotype of HDVRNA positive pregnant women.

D. &

Our in house developed ELISA method with a
sensitivity and specificity of 50.0% and 95.4%,
respectively was effective in detecting anti-HDV among
67 pregnant women who were HBSAg positive from
among 1565 pregnant women. With our method we
estimated the prevalence of HDV in Cambodia as 5.97%
in line with the achievement of the WHO goal of
elimination of viral hepatitis, it is imperative that more
testing should be done, in order to ascertain actual
prevalence of HDV in especially resource limited
countries®. Mass testing is only possible with the
availability of testing methods which currently are in
assemble in some low-income countries®. In house
methods like ours which are affordable can be utilized
for this, as they have been proven to be efficacious.
However, it is worth noting that the sensitivity of our
test method was low because of the limited sample size
used in evaluating its performance and the lower HDV
viral titers among the pregnant women included in our
study resulting in low AntiHDV titres.

This study was able to establish anti-HDV prevalence
for Cambodia and especially for the precious group of
pregnant women. which was nonexistence in the past.
The global prevalence of HDV is currently pegged at 5%
among HBsAg positive patients’. Thus, the prevalence
for Cambodian Pregnant women recorded in our study
was high. Which is because in comparing the
prevalence of HBV in Cambodia which is 4.28% to the
global prevalence which was 3.2%, Cambodia is
deemed to have a high prevalence of HBVS. This
explains the high HDV prevalence. The Genotype
distribution of HDV found in Cambodia confirms that
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genotype 1 is the most common genotype found
worldwide even though it was expected that as a
Southeast Asian Country the genotype could be II and
IV9. Our ever precaution should

E. &

Our newly developed in-house ELISA method is
effective in accurately detecting anti-HDV Antibodies
among HBsAg positive pregnant women. The
prevalence of Anti HDV was 5.97% and the RNA
prevalence 2.99% among pregnant women.
Additionally, the genotype 1 was genotype detected in
Cambodia. As recommended by WHO, more tests like
ours should be developed to make testing assessable to
all to reduce the burden of viral hepatitis.
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67 HBsAg positive Pregnant Women in Siem
Reap, Cambodia, Japanese Society of Hepatology

conference, 7.9.2023, Tokyo Japan.
2. Akuffo Golda, Ko Ko, Bunthen E, Serge Ouoba,



Aya Sugiyama, Tomoyuki Akita, Kazuaki Takashi,
Junko Tanaka, Prevalence of Anti-HDV Among
67 HBsAg positive Pregnant Women in Siem
Reap, Cambodia, 28.3.2024, APASL Kyoto, Japan.

H. MM EEOLEE - EBRR (FEZET. )

AN

References

1.

World Health Organization, Guidelines for the
prevention, diagnosis, care and treatment for
people with chronic hepatitis B infection.
(2024).

Stockdale, A. |. et al. The Global Prevalence of
Hepatitis D Virus Infection: Systematic Review
and Meta-Analysis Prevalence of Anti-HDV
Among 67 HBsAg Positive Pregnant Women in
Siem Reap, Cambodia. Journal of hepatology
vol. 73 (2020).

Stockdale, A. ]. et al. Prevalence of hepatitis D
virus infection in sub-Saharan Africa: a
systematic review and meta-analysis. Lancet
Glob Health 5, €992-e1003 (2017).

585

Hayashi, T. et al. The global hepatitis delta
virus (HDV) epidemic: what gaps to address in
order to mount a public health response?
Archives of Public Health 79, (2021).

Razavi, H. A. et al. Hepatitis D double reflex
testing of all hepatitis B carriers in low-HBV-
and high-HBV/HDV-prevalence countries. /
Hepatol 79, 576-580 (2023).

Palom, A. et al. Implementation of anti-HDV
reflex testing among HBsAg-positive
individuals increases testing for hepatitis D.
JHEP Rep 4,100547 (2022).

Stockdale, A. ]. et al. The global prevalence of
hepatitis D virus infection: Systematic review
and meta-analysis. ] Hepatol 73, 523-532
(2020).

Bunthen, E. et al. Residual risk of mother-to-
child transmission of HBV despite timely
Hepatitis B vaccination: a major challenge to
eliminate hepatitis B infection in Cambodia.
BMC Infect Dis 23, 1-12 (2023).

Sharafi, H., Rezaee-Zavareh, M. S., Miri, S. M. &
Alavian, S. M. Global distribution of hepatitis d
virus genotypes: A systematic review. Hepat
Mon 20, e102268 (2020).



586





