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Hosts and Viruses

Abstract | Hepatitis D virus (HDV) and Hepatitis B virus (HBV) infections pose a significant global 
health challenge with predominant prevalence in Nigeria. It is a major health concern in pregnant women 
and HBV-coinfected individuals. Studies have shown that pregnant women serve as a reservoir for the persis-
tence and transmission of both viruses worldwide. Both viruses are transmitted through contact with infected 
blood/ bodily fluids but majorly from Mother-To-Child-Transmission (MTCT). This study aimed at investi-
gating prevalence of HDV in Hepatitis B positive pregnant women attending LAUTECH teaching hospital 
antenatal clinic in Ogbomosho, Oyo State, Nigeria. A total of 180 serum samples were collected from preg-
nant women. A five-panel rapid diagnostic kit were used to assay for Hepatitis B surface antigen (HBsAg), 
Hepatitis B surface antibody (HBsAb), Hepatitis B e antigen (HBeAg), Hepatitis B e antibody (HBeAb) 
and Hepatitis B core antibody (HBcAb) markers, Enzyme-Linked Immunosorbent Assays (ELISA) kit 
were used for the detection of HDV IgG antibodies. Polymerase chain reaction (PCR) was carried out in 
the HBsAg positive and HDV seropositive samples. Statistical analysis was done using the SPSS software, 
descriptive analysis was done for categorical data to obtain prevalence. Statistical significance was determined 
with the Chi-square test with the level of significance set at P ≤ 0.05. HBsAg, HBeAb and HBcAb markers 
of HBV infection were detected in 13.9% (n= 25/180), 2.8% (5/180) and 5% (9/180) respectively. The prev-
alence of HDV-IgG in HBV-positive pregnant women was 36% (n= 9/25). Molecular detection of HBV 
DNA was 12% (3/25) while all HBV positive samples were HDV RNA negative. This study shows a high 
prevalence of HDV-IgG implying that a significant proportion of HBV-infected pregnant women had been 
exposed to HDV at some point. It underlines the need of an extensive surveillance system and further studies.
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Introduction

Hepatitis D virus (HDV) has eight reported 
genotypes with unexplained variations in their 

pathogenicity and geographical distribution (Caviglia 
et al., 2022). Rates of HDV infection is high in 
regions where HBV is endemic, prevalence of HDV 
among HBV carriers in West-Africa is reported to be 
between 3-30% (Sagnelli et al., 2021).

HDV is a defective RNA and considered to be a 
satellite (sub viral agent) because it solely depends 
on expression of Hepatitis B virus surface antigen 
(HBsAg) in the same cell to propagate and complete 
its lifecycle (Mentha et al., 2019). 

The Hepatitis D virion is composed of a coat of HBV 
envelope proteins surrounding the nucleocapsid, 
which consists of a single-stranded, circular RNA 
genome with delta antigen (Sausen et al., 2022).

Hepatitis B virus (HBV); small enveloped, 
pleomorphic virus. It is a major global health 
problem responsible for liver morbidity and mortality 
worldwide (Kyaw et al., 2020). About 300 million are 
estimated to be living with HBV globally with 6.1% 
prevalence in sub regions of Africa (Amponsah, 2021; 
WHO, 2024).

HDV can occur either via simultaneous infection 
with HBV (co-infection) or superimposed on chronic 
hepatitis B or hepatitis B carrier state (super-infection) 
(Mentha et al., 2019). Both virus main route of 
transmission is from Mother-To-Child-Transmission 
(MTCT) with HDV increasing the risk of MTCT 
and severe hepatitis. The risk increases with elevated 
HBV DNA levels especially in the third trimester of 
pregnancy (Sirilert and Tongsong, 2021).

Several studies suggest that HBV can increase 
adverse outcomes in pregnancy, such as intrahepatic 
cholestasis of pregnancy, gestational diabetes and 
preterm birth. Such associations seem to be related to 
the activity of the HBV. Pregnancy is said to modify 
the natural course of HBV infection; especially flare 
up of hepatitis (Sirilert and Tongsong, 2021).

The risk of MTCT of chronic carriers of HBV 
(the HBsAg-positive mothers) to their babies has 
been estimated to be as high as 90% in cases of no 
immunoprophylaxis in the newborns. The transmission 

can occur in utero, during labor and delivery and after 
birth ( Jourdain et al., 2019).

HDV infection and co-infection is not well 
documented, especially in Nigeria where HDV is 
not routinely diagnosed. HDV global prevalence is 
reported to be 5% and a recent report shows 9% HDV 
prevalence in the general population in South-western 
Nigeria (Andernach et al., 2014; Opaleye et al., 2016).

Although coinfection mostly leads to the eradication 
of both viruses, the majority of patients with HDV 
superinfection progress to chronic HDV infection 
and hepatitis, usually worsening the pre-existing 
HBV-related liver damage. Persisting infection leads 
to the establishment of chronic hepatitis D (CHD), 
which significantly increases the risk of cirrhosis, 
hepatocellular carcinoma and acute liver failure, 
leading to a reduced life expectancy (Okonkwo et al., 
2022; Ramachandran et al., 2020).

However, several studies suggest that only a fraction 
of patients are tested for anti-HDV, such that HDV 
infection remains largely underdiagnosed. In general, 
the awareness of HDV is poor compared to other 
hepatitis viruses, such as HBV. This applies to both 
developed and developing countries (Lempp et al., 
2021).

In studies of pregnant women, the prevalence of 
HDV varies significantly by region. A study from 
Iran reported a 5.8% prevalence of HDV among 
HBV-infected pregnant women (Alavian et al., 2013). 
In contrast, a Turkish study found 3.4% prevalence 
(Stockdale et al., 2020). These variations underscore 
the importance of regional epidemiological data in 
understanding HDV’s impact on pregnancy.

This study aimed at investigating the prevalence of 
viral hepatitis D among hepatitis B positive pregnant 
women attending LAUTECH teaching hospital 
antenatal clinic.

Materials and Methods

Study area and site
The study area was LAUTECH teaching hospital 
antenatal clinic, Ogbomosho, Oyo state, Nigeria. The 
study was conducted at HRH-CERID Laboratory, 
College of Health Science LAUTECH, Ogbomosho.
Inclusion and exclusion criteria
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Inclusion of participants was based on informed 
consent given by the pregnant women prior to filling 
questionnaire and sample collection. Pregnant women 
who did not give their consents were excluded.

Sample size and collection
 Sample size of 180 with attrition accounted for was 
calculated using the formula, N=Z2P (1-P)/d2. P= 
12%= 0.12 was used (Oluremi et al., 2020; Munaro 
and William, 1997). Non-randomized sampling and 
consecutive sampling technique was employed in 
recruiting the study participants; in which every subject 
meeting inclusion criteria was selected until required 
sample size was achieved. A total of 180 serum samples 
were collected from consenting pregnant women 
in LAUTECH teaching hospital antenatal clinic. 
Participants were not receiving antiviral treatments 
during sample collection and most of them had no 
knowledge of Hepatitis B and D. Each pregnant 
women were bled via venepuncture, five (5ml) whole 
blood was collected from each participant into EDTA 
bottles; serum was subsequently harvested as early as 
possible and transferred into 2ml cryovial, labelled 
and stored at 4 oC until tested. Demographic data, 
knowledge of both HDV and HBV with risk factors 
was obtained using questionnaires. Samples were 
collected from January 2023 to August 2023.

Serology testing
To detect HBV markers, samples were analysed 
using rapid diagnostic test (RDT) kits. Markers 
tested for were hepatitis B surface antigen (HBsAg), 
hepatitis B surface antibody (HBsAb), hepatitis B e 
antigen (HBeAg), hepatitis B e antibody (HBeAb) 
and hepatitis B core antibody (HBcAb). Samples 
positive for HBsAg were further screened for HDV-
IgG using a research laboratory HDV IgG enzyme-

linked immunosorbent assay (ELISA) kit (Melson 
medical, Shangai, China). Test was done according to 
manufacturer’s instruction using an ELISA washer. 
The optical density was read at 450nm within 15 
minutes after stopping the reaction.

Polymerase chain reaction for HBV
DNA was extracted from 200µl serum using the 
QIAmp DNA mini kit (Qiagen, Hilden, Germany) 
according to the manufacturer’s instruction. The 
extracted products were stored at -80oC before use.

Samples positive for both HBV markers and HDV-
IgG and positive only for HBV markers were assayed 
for HBV DNA using Nested PCR assay with primers 
in the region of overlap between the S-gene and 
P-gene designed to amplify 89bp product (Table 1). 

The first-reaction PCR was performed in a total volume 
of 20µl with a cycling condition of 95 oC for 3 mins, 
94oC for 30 sec, 56oC for 30 sec, 72oC for 30secs, 72oC 
for 5 mins for 30 cycles, 10oC for hold. Same cycling 
condition for first reaction was used for second reaction. 
The detection of HBV DNA was successfully validated 
by Quality Control for Molecular Diagnostics round 
robin tests, an independent international External 
Quality Assessment (EQA)/ Proficiency Testing (PT) 
organisation. Gel electrophoresis was used to visualize 
amplified band in the result templates using 100bp 
ladder of known lengths.

RT-PCR and nested PCR for HDV
RNA was extracted from 140µl serum using the 
QIAmp viral RNA kit (Qiagen, Hilden, Germany) 
according to the manufacturer’s instruction. The 
extracted products were stored at -80oC before use.

Table 1: Primer sequences.
Primer name Sequence (5’-3’) Polarity Location
HBV primers
HBV-18 CTG TAT CTT CCT GCT GGT GGC T Sense 9935-9957
HBV-16 GCA GTA TGG ATC GGC AGA GGA Anti-sense 1824-1844
HBV-1 CTG CTG GTG GCT CCA GTT CAG GA Sense 256-278
HBV-17 GGG GTT GCG TCA GCA AAC ACT Anti-sense 1601-1621
HDV primers
HDV-04 GGATGCCCAGGTCGGACCG Anti-sense 856-874
HDV-05 AAGAAGAGRAGCCGGCCCGY Sense 1159-1179
HDV-06 ATGCCATGCCGACCCGAAGA Sense 888-907
HDV-07 GGGGAGCGCCCGGDGGCGG Anti-sense 1104-1122

Source: NCBI GenBank.
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HDV RNA detection of samples positive for both 
HBV markers and HDV-IgG was performed using 
two different PCR assay: A one-step RT-PCR 
and nested	 PCR with primers designed for the 
amplification of a highly conserved region of the 
HDV genome (Table 1). PCR products was analysed 
on 1.5% agarose gel.

Data analysis
All data generated from this study were analyzed using 
packages within statistical package for social sciences 
(SPSS) version 22.0 statistical software (SPSS, Inc, 
Chicago, IL, USA). Descriptive analysis and chi-
square was used for test of association. Significance 
was accepted at the level of P ≤ 0.05 and X2 is the 
Pearson chi square value. Descriptive analysis was 
presented as simple percentages. Graph pad prism 
(Prism5 software version 5.01, graphpad software, 
San Diego California, USA) was used to construct a 
contingency table to analyse the validity (accuracy) of 
ELISA and RDT as initial screening tool (Table 4).

Results and Discussion

Characteristics of the study participant
The total study participants had a median age of 
30.5 years (16-45). Of the 180 pregnant women, 7% 
(13/180) were in the first trimester, 31% (56/180) 
were in the second trimester and 62% (111/180) were 
in the third trimester. Most of the participants 58% 
(104/180) were in the age group 26-35 years.
 
Seroprevalence of HBV and HDV
The Seroprevalence of HBsAg marker was highest in 
participant 13.9% (n= 25/180), with HBcAb having 
a prevalence of 5% (9/180) and HBeAb having a 
prevalence of 2.8% (5/180) (Table 2). Participant within 
the age group 26-35 years had a highest prevalence 
(6.1%) of HBsAg (11/180). Four participants 16% 
(4/25) were positive for HBsAg, HBeAb, HBcAb 
and HDV-IgG. Based on the gestation duration, the 
highest seroprevalence of HBsAg was detected in 
women in their third trimester with 14.4% (16/111) 

followed by second trimester 16.1% (9/56) (Table 
3). Seroprevalence was not detected in women in 
their first trimester. There was significant association 
between the gestational age and HBsAg, HBeAb and 
HDV-IgG seropositivity (P= 0.000).

PCR detection of HBV and HDV
All samples, which tested positive for HBsAg marker 
only (n=25) were subjected to PCR analysis for the 
detection of HBV DNA because HDV depends 
solely on expression of HBV surface antigen (HBsAg) 
to complete its life cycle (Mentha et al., 2019). Also, 
those positive for both HBsAg and HDV-IgG (n=9) 
were subjected to PCR analysis for the detection of 
HDV RNA. For HBV DNA, a seroprevalence of 
12% (3/25) was detected. The highest seroprevalence 
was detected in third trimester (12%; n= 3/25) and 
age group 16-25 (8%; n= 2/25). However, all samples 
positive for both HBsAg and HDV-IgG tested 
negative for HDV RNA.

Table 2: Prevalence in relation to age group among 
pregnant women attending antenatal clinic in 
LAUTECH.
Age 
group

Freq (%) HBsAg 
(%)

HBeAb 
(%)

HBcAb 
(%)

HDV-IgG 
(%)

16-25 58 (32.2) 10 (5.6) 2 (1.1) 4 (2.2) 4 (2.2)
26-35 104 (57.8) 11 (6.1) 2 (1.1) 3 (1.7) 3 (1.7)
36-45 18 (10.0) 4 (2.2) 1 (0.6) 2 (1.1) 2 (1.1)
X2* 2.544 0.892 2.834 2.948
P-value 0.280 0.640 0.242 0.567

*Pearson chi-square.

Table 3: Distribution of HBV markers and HDV-IgG 
according to gestational age.

Seroprevalence n (%)
HBsAg HBeAb HBcAb HDV-IgG

1st trimester (n= 13) 0 0 0 0
2nd trimester (n= 56) 9 (16.1) 3 (5.4) 4 (7.1) 3 (5.4)
3rd trimester (n= 111) 16(14.4) 2 (1.8) 5 (4.5) 6 (5.4)
X2 1.210 1.108 1.283 2.865
P-value 0.000 0.000 0.527 0.000

Table 4: Validity of initial screening tool using contingency table.
Method P-value Relative 

risk
OR1(CI)* Sensitivity Specificity Positive 

predictive value
Negative 
predictive value

Likelihood 
ratio

RDT 0.0024 - 48.38 (2.42-968.5) 1.00 0.88 0.12 1.00 8.05
ELISA 0.0004 4.33 57.00 (2.59-125.0) 0.75 1.00 1.00 0.77 -

1Odd ratio *Confidence interval.
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In this study, HBV markers and HDV-IgG 
seroprevalence was analysed in pregnant women. The 
overall prevalence of HBV among pregnant women 
attending LAUTECH teaching hospital antenatal 
clinic was found to be 13.9% (25/180), of which 1.7% 
(3/25) corresponding to 1.6% overall (3/180) were 
also positive for HBV DNA while that of HDV was 
found to be 5% (9/180). The prevalence of HBsAg 
observed in this study is high compared to a report by 
Sharma et al. who reported 10% HBsAg prevalence 
and in comparison, to previous reports from Africa, 
like 1.1% in Mali and 6.5% in south eastern Nigeria; 
but contrarily to Rohtagi et al. who have found a higher 
prevalence (25%) in pregnant women and Stevens et 
al. (1975) who have reported a prevalence of 17% 
(Munaro and William, 1997; Tounkara et al., 2009; 
Okeke et al., 2012; Okonkwo et al., 2022). HBsAg 
prevalence observed in this study indicates endemicity 
in pregnant women attending LAUTECH antenatal 
clinic and may possibly be consequence of sexual 
contact with an infected partner.

Sharma et al. (2023) reported that onset of hepatitis in 
mothers in third trimester of pregnancy show a higher 
incidence (76%) of transmission to foetal as compared 
to only 10% in the first and second trimester. This 
study shows HBsAg incidence of 14.4% and HDV-
IgG incidence of 5.4% in third trimester. It also shows 
a seroprevalence of HBeAb (2.8%) and HBcAb 
(5%) which indicate that few of the participants are 
HBV chronic carrier. It has also been reported that a 
positive HBsAg mother has a 20% risk of transmitting 
infection to foetus at birth while positive HBeAg 
mother has a 90% risk of transmitting the infection. 
Also, transmission of HDV from Mother-To-Child 
increases with HBV DNA especially in the third 
trimester of pregnancy (Sharma et al., 2023).

HBV result fall within 5-30 % reported in Maragua, 
Kenya (Wang et al., 2019) and above the WHO cut-
off level of endemicity of 8% (Sreedhar et al., 2015). 
High prevalence between 8-20% have been reported 
in many parts of Africa with Nigeria reporting a 
significant prevalence. For instance, Ndams et al. 
(2008) reported a prevalence of 12.3% in pregnant 
women in Minna, with the highest rate observed in 
the middle age group who are more likely sexually 
active that the younger or older group (Hou et al., 
2005; Ndams et al., 2008). Also 8.2% prevalence 
was reported in pregnant women attending Federal 
Medical Centre, Yola with the highest rate found 

in women in the middle age group (Olokoba et al., 
2011). This study also found the highest rate (11.7%) 
in women in the middle age group (18-35) which 
implies higher chance of MTCT.

Of the 25 HBsAg positive pregnant women, 36% 
(9/25) were positive for HDV-IgG corresponding to 
5% overall (9/180), of which none were positive for 
HDV RNA; this indicates possibility of past HDV 
infections which led to antibody presence without 
active viral replication or potential role of viral latency. 
Non-detection of HDV RNA may also be due to 
sensitivity of the PCR assay for certain genotypes. 
Studies have reported 4.5% anti-HDV prevalence 
among HBsAg-positive individuals, 16.4% among 
those attending hepatology clinics. A meta-analysis 
reported that prevalence of anti-HDV among 
HBsAg-positive individual are higher in western and 
middle Africa (Stockdale et al., 2020). The reported 
global HDV prevalence is 5%. HDV prevalence data 
are not much in Nigeria but a 2016 article reported 
9% prevalence in South-western Nigeria. 

A study in Cross-river Nigeria found that the prevalence 
of HDV among asymptomatic HBV carriers was 
7.3% (n=4/55), with the highest prevalence observed 
in age group 20-39 (Olokoba et al., 2011). A study 
in Maiduguri Nigeria found HDV seroprevalence 
of 3.3% (6/180) among HBsAg-positive individuals 
which is higher than the global prevalence cut-off 
(0.82%) (Okonkwo et al., 2022). Very few studies 
focus on pregnant women who are major route for 
both horizontal and vertical transmission of HDV 
and HBV (Ndzie et al., 2024). 

HDV infection in pregnancy lead to higher risk 
of preterm birth, perinatal transmission and liver 
complications for both mother and baby (viral 
hepatitis). A study in Cameroon shows that HDV 
prevalence among HBsAg-positive pregnant women 
was 32.3% (n= 42/130) which implies an increased 
risk of liver disease progression leading to more severe 
outcomes and an increased likelihood of pregnancy-
related complications (Ndzie et al., 2024).

The non-existence of HDV (RNA) prevalence in our 
study indicates a past HDV infection that has been 
successfully responded to by the immune system or 
that the virus is not currently active or replicating in 
the body (chronic cases). It can also be due to low 
detection threshold of the PCR assay in comparison 
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to the HDV ELISA.

Detection of HDV-IgG does not correspond with 
molecular detection of HDV RNA; we therefore 
recommend retesting by molecular method.

Conclusions and Recommendations

While HDV infection is still neglected and not 
routinely diagnosed in pregnant women positive for 
Hepatitis B virus, the data from this study shows that 
HDV is of major health concern to pregnant women 
even though there was no active infection reported in 
this study, however the study shows that significant 
number of the pregnant women have being exposed 
to HDV infection previously. This data also indicates 
a possible HDV superinfection on chronic hepatitis B 
and coinfection of both viruses, which can predispose 
pregnant women to severe hepatic complications and 
lead to exacerbation of liver diseases. This also indicates 
a possible vertical transmission from mother to their 
babies and 70% chance of babies becoming chronic 
carriers. Therefore, women especially younger ones 
should be educated about the infection and awareness 
of this disease should be increased by routine screening 
of pregnant women to avoid hepatic complications 
and vertical transmission. Further research is also 
required to clearly depict the actual burden of HDV 
infection in pregnant women and in Nigeria.

Study limitations
The limitation of this study was that it was a cross 
sectional study and the women were not followed up 
until delivery to know how many actually had chronic 
HBV infection or how many only had an acute 
infection. Also, we had no access to their vaccination 
records and there were cost constraints.
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