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Abstract
Objectives: To systematically review literature and identify mother-to-child transmission rates of human 
immunodeficiency virus, hepatitis B virus, and hepatitis C virus among pregnant women with single, dual, or triplex 
infections of human immunodeficiency virus, hepatitis B virus, and hepatitis C virus in Nigeria. PRISMA guidelines were 
employed. Searches were on 19 February 2021 in PubMed, Google Scholar and CINAHL on studies published from 
1 February 2001 to 31 January 2021 using keywords: “MTCT,” “dual infection,” “triplex infection,” “HIV,” “HBV,” 
and “HCV.” Studies that reported mother-to-child transmission rate of at least any of human immunodeficiency 
virus, hepatitis B virus and hepatitis C virus among pregnant women and their infant pairs with single, dual, or triplex 
infections of human immunodeficiency virus, hepatitis B virus, and hepatitis C virus in Nigeria irrespective of publication 
status or language were eligible. Data were extracted independently by two authors with disagreements resolved by 
a third author. Meta-analysis was performed using the random effects model of DerSimonian and Laird, to produce 
summary mother-to-child transmission rates in terms of percentage with 95% confidence interval. Protocol was 
prospectively registered in PROSPERO: CRD42020202070. The search identified 849 reports. After screening titles 
and abstracts, 25 full-text articles were assessed for eligibility and 18 were included for meta-analysis. We identified 
one ongoing study. Pooled mother-to-child transmission rates were 2.74% (95% confidence interval: 2.48%–2.99%; 
5863 participants; 15 studies) and 55.49% (95% confidence interval: 35.93%–75.04%; 433 participants; three studies), 
among mother–infant pairs with mono-infection of human immunodeficiency virus and hepatitis B virus, respectively, 
according to meta-analysis. Overall, the studies showed a moderate risk of bias. The pooled rate of mother-to-child 
transmission of human immunodeficiency virus was 2.74% and hepatitis B virus was 55.49% among mother–infant 
pairs with mono-infection of HIV and hepatitis B virus, respectively. No data exists on rates of mother-to-child 
transmission of hepatitis C virus on mono-infection or mother-to-child transmission of human immunodeficiency 
virus, hepatitis B virus, and hepatitis C virus among mother–infant pairs with dual or triplex infection of HIV, hepatitis 
B virus and HCV in Nigeria. 
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Introduction

Every child deserves to start life free from human immuno-
deficiency virus (HIV), hepatitis B virus (HBV), hepatitis C 
virus (HCV), and other infectious diseases transmissible 
from mother-to-child during pregnancy, delivery, or breast-
feeding.1 Single, dual, or triplex infections of these viruses 
are common in pregnant woman due to shared means of 
transmission including blood transfusion, sharing of sharp 
objects, and unsafe sex, among others.2 Maternal dual or tri-
plex co-infection with these potentially deadly viruses not 
only worsens maternal outcomes but is also associated with 
increased risk of mother-to-child transmission (MTCT) of 
each infection.2–5 In a Nigerian pediatric HIV program, 7.7% 
and 5.2% of the HIV-infected children were co-infected with 
HBV and HCV, respectively.6

Fortunately, the MTCT of these infections of public health 
importance can be prevented or eliminated through simple 
interventions involved in prevention of mother-to-child 
transmission (PMTCT) programs.7 However, these programs 
are poorly coordinated. The result is that large numbers of 
children continue to be born with these life-threatening 
infections every day.7

The global target of eliminating new HIV infections 
among children by reducing the number of children newly 
infected to less than 20,000 per annum by year 2020 fell way 
below the target.1 About 150,000 children in 2019 became 
newly infected with HIV and more than two-third of these 
estimated infections occurred in 21 focus African countries, 
including Nigeria.1 Among these Focus Countries, Nigeria 
had the second highest MTCT rate (22%) and the largest 
MTCT burden. More than 90% of these new pediatric infec-
tions occur during pregnancy, childbirth, and the breastfeed-
ing. Without any intervention, about 15%–30% of infants 
born to HIV-positive mothers will become HIV-infected in 
utero or during delivery while another 5%–15% will become 
infected through breastfeeding.1

However, MTCT of HBV during pregnancy or delivery 
accounts for more than one-third of chronic HBV infections 
globally.7 According to the World Health Organization 
(WHO),8 infection in infancy and early childhood leads to 
chronic hepatitis in about 95% of cases. Without post expo-
sure immune-prophylaxis, approximately 40% of infants 
born to HBV-infected mothers in the United States will 
develop chronic HBV infection, approximately one-fourth of 
whom will eventually die from chronic liver disease.8 In 
Nigeria, MTCT rates of HBV vary from 8.3% to 12.8%.6 
There are limited reports on MTCT rates of HCV in Nigeria 
as it is often not routinely screened. However, the burden of 
HIV/HCV MTCT may also be significant given the reported 
rate of 5.2% of pediatric HIV/HCV co-infections.5

The similarity of the PMTCT interventions for HIV, HBV, 
and HCV makes it feasible to use an integrated approach to 
eliminate MTCT of these diseases.9 The 2016 World Health 
Assembly endorsed three interlinked global health sector 

strategies on HIV, viral hepatitis, and sexually transmitted 
infections, which set ambitious targets for elimination of 
MTCT of HIV, hepatitis B, and syphilis by 2030.9 However, 
these integrated services are not fully implemented in 
Nigeria. Moreso, coordinated HBV PMTCT services are not 
in existent in Nigeria despite the huge HBV burden in the 
country. This may be due to lack of evidence-based research 
on MTCT of these viruses. The WHO has recommended that 
there is a need to improve country level surveillance of 
MTCT of dual or triplex infections across different popula-
tion groups in all regions.3–5

There is dearth of scholarly works examining the MTCT 
rates of single, dual, or triplex infections of HIV, HBV, and 
HCV in Nigerian population despite her high burden of these 
diseases. Therefore, this systematic review and meta- analysis 
was conducted to document the MTCT rates of HIV, HBV, 
and HCV among pregnant women with single, dual, or tri-
plex infections of HIV, HBV, and HCV in Nigeria. Results 
will guide stakeholders and policy makers in adopting strate-
gies that will ensure the achievement of elimination of 
MTCT targets. The systematic review question is: what is 
the best available evidence on the MTCT rates of HIV, HBV, 
HCV, or their co-infections among pregnant women with 
single, dual, or triplex infections of HIV, HBV, and HCV in 
Nigeria?

Methods

Overview

We did a systematic review of studies on the mother-to-
child transmission (MTCT) rates of human immunodefi-
ciency virus (HIV), hepatitis B virus (HBV), and hepatitis C 
virus (HCV) among pregnant women with single, dual, or 
triplex infections of HIV, HBV, and HCV in Nigeria. The 
review was registered prospectively with PROSPERO 
(CRD42020202070) and reported according to PRISMA 
2020 guidelines.10

Search strategy

Extensive online search was conducted using PubMed, 
Google Scholar, and CINAHL. The PubMed search strategy 
is presented in Figure 1. Medical subject headings (MeSH) 
and free text words were combined using the Boolean opera-
tors “OR” and “AND.” The reference lists of included studies 
were screened to identify additional publications. The Google 
Scholar search string is shown in Figure 1.

In this systematic review, we searched for studies that 
reported the MTCT of HIV, HBV, and HCV. We limited the 
search to studies conducted within the last 20 years to obtain 
recent data on the rate of MTCT since the Nigeria Federal 
Ministry of Health commenced PMTCT of HIV program in 
2002.11 The searches were done with no language restric-
tions on 19 February 2021, in PubMed, Google Scholar, and 
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CINAHL. Search terms included were “HIV OR Human 
immunodeficiency virus,” “OR Hepatitis-C OR HCV,” “OR 
Hepatitis-B OR HBV,” AND “prevalen* OR inciden* OR 
seroprevalen* OR screening OR surveillance OR popula-
tion* OR survey* OR epidem* OR data collection OR popu-
lation sample* OR community survey* OR pregnant 
women* OR mother-to-child transmission* OR cohort OR 
cross-sectional OR longitude* OR follow-up.” Searches 
were tailored to each database. Reference lists were screened 
for additional sources. The search focused on published 
medical literature as well as gray literature.

Eligibility criteria

Studies that reported or described MTCT rate of at least 
any of HIV, HBV, and HCV among pregnant women and 
their infant pairs with single, dual, or triplex infections of 

HIV, HBV, and HCV in Nigeria irrespective of publication 
status or language were eligible. Studies were excluded if 
they were abstracts only or published prior to February 
2001. Studies published between February 2001 and 
January 2021 were considered for inclusion. The titles and 
abstracts were used to screen the articles. However, where 
the suitability was in doubt, the full texts were reviewed. 
Online search included primary studies which reported 
maternal HIV single or co-infection with HBV and or HCV, 
MTCT rates of such maternal infections and determinants 
of MTCT in Nigeria.

Study population

The study population was defined as pregnant women and 
their infant pairs with single, dual, or triplex infections of 
HIV, HBV, and HCV in Nigeria.

PUBMED SEARCH STRATEGY

 1. Hepatitis B [mh] OR Hepatitis B virus [mh] OR Hepatitis B Surface Antigens [mh] OR Hepatitis B Antigens [mh] OR 
Hepatitis B Antibodies [mh] OR Hepatitis B [tiab] OR HBsAg [tiab] OR “Hepatitis Be” [tiab] OR “Be Antigens” [tiab] OR “e 
Antigens” [tiab] OR “Antigens, e” [tiab] OR HBeAg [tiab] OR HBe Ag-1 [tiab] OR HBe Ag-2 [tiab] OR HBV [tiab] OR “Hep 
B” [tiab] OR “hbs ag” [tiab] OR “Australia Antigen” [tiab] OR “Antigen, Australia” [tiab]

 2. Hepatitis C [mh] OR Hepacivirus [mh: noexp] OR Hepatitis C Antibodies [mh] OR Hepatitis C Antigens [mh] OR Hepatitis 
C [tiab] OR HCV [ tiab] OR hepaciviru* [tiab] OR “Hep c” [tiab] OR Parenterally Transmitted Non A, Non B Hepatitis 
[tiab] OR PT-NANBH [tiab] OR Hepatitis Non A, Non B Antigen [tiab]

 3. HIV [mh] OR HIV infections [mh] OR HIV [tiab] OR AIDS [tiab] OR “Acquired Immune Deficiency Syndrome” [tiab] OR 
“Acquired Immunodeficiency Syndrome” [tiab] OR Human Immunodeficiency Virus* [tiab] OR Human T Cell Lymphotropic 
Virus Type III [tiab] OR Human T Cell Leukemia Virus Type III [tiab] OR Lymphadenopathy Associated Virus* [tiab] OR 
HTLV-III [tiab] OR T Lymphotropic Virus Type III Infections, Human [tiab] OR Human T Lymphotropic Virus Type III [tiab]

 4. Pregnancy [mh] OR Pregnant women [mh] OR Pregnancy Complications [mh] OR Pregnancy Complications, Infectious [mh] 
OR Pregnan* [tiab] OR Gestation* [tiab] 

 5. (“Mother-to-Child” [tiab] OR “mother-to-infant” [tiab]) AND transmission* [tiab]
 6. (Maternal-fetal [tiab] OR Fetomaternal [tiab] OR Vertical [tiab]) AND (transmission* [tiab] OR infection* [tiab])
 7. “Perinatal transmission” [tiab] OR “Maternal-child transmission” [tiab] OR MTCT [tiab] OR “vertical infectious disease 

transmission” [tiab] OR “Intrauterine transmission” [tiab] OR “utero transmission” [tiab] OR vertical pathogen transmission 
[tiab]

 8. Infectious Disease Transmission, Vertical [mh]
 9. #4 OR #5 OR #6 OR #7
10. Nigeria [mh] OR Nigeria* [tiab]
11. #1 AND #2 AND #9 AND #10
12. #1 AND #3 AND #9 AND #10
13. #2 AND #3 AND #9 AND #10
14. #1 AND #2 AND #3 AND #9 AND #10
15. #11 OR #12 OR #13 OR #14
16. Animals [mh] NOT Humans [mesh: noexp]
17. #15 NOT #16
18. “2001/02/01”[PDAT]: “2021/01/31”[PDAT]
19. #17 AND #18

GOOGLE SCHOLAR SEARCH STRATEGY

“hepatitis B”|HBV|HBsAg|“hbs ag”|“Hep B” “hepatitis C”|Hepacivirus|“Hep c”|HCV|hepaciviru* HIV|AIDS|“Human 
Immunodeficiency Virus”|“Acquired Immune Deficiency Syndrome”|“Acquired Immunodeficiency Syndrome” Pregnancy Nigeria.

Figure 1. PubMed and Google Scholar search strategies.
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Study area

Only studies conducted in Nigeria were eligible for 
inclusion.

Study design

Studies selected were prospective, retrospective, cross-sec-
tional, or case control in nature. Relevant clinical trials were 
also eligible for inclusion.

Language

Studies reported were not restricted in English language.

Publication condition

Studies which meet the eligibility criteria were included 
regardless of their publication status (published, unpub-
lished, or gray literature).

Exclusion criteria

We excluded editorials or reviews containing no primary 
data, no samples of HIV, HBV, HCV or HIV-HBV or HBV-
HCV or HIV–HCV-infected individuals, or samples relying 
on self-reported infection status. Conference presentations, 
case reports, and review articles were also excluded from the 
study. Where the full text was not available, the articles were 
excluded from the study.

Data extraction

Data extraction was done by two independent reviewers 
(C.O. and R.E., with discrepancies resolved by a third 
reviewer (I.M.)) using a pretested data extraction form which 
was prepared in Microsoft Excel. The reviewers indepen-
dently extracted relevant information, including first author, 
year of publication and period of participants’ recruitment, 
study location, study design, eligibility criteria, sample size, 
type of infection, and number of participants with HIV I and 
II, HBsAg, HBeAg, HCVAb, and HCV detectable viral load, 
and MTCT rate. Infection was defined as the presence of 
HIV I and II, HBsAg or HCVAb for HIV, HBV, and HCV, 
respectively.

Main outcomes

The main outcome measure was MTCT rates of single, dual, 
and triplex infections of HIV, HBV, and HCV measured 
using antibody test and/or polymerase chain reaction (PCR) 
at birth and/or at 6 weeks to 18 months using antibody test 
and PCR. We defined MTCT rate as the proportion of tested 
HIV or HBV or HCV-exposed infants who tested HIV or 
HBV or HCV positive, respectively.

Analysis of subgroups or subsets

We performed subgroup analysis involving studies that pub-
lished the population of northern region versus southern 
region of Nigeria as well as publication from 2001 to 2015 
versus publication from 2016 to 2021. However, we planned 
to perform the subgroup analyses in the following areas: 
asymptomatic versus symptomatic individuals; and mothers 
with dual infection versus mothers with triplex infection 
mothers.

Selection of studies

We downloaded all titles and abstracts retrieved by elec-
tronic searching to the reference management software 
Endnote 6.0. We removed duplicates and two review authors 
(C.O., I.O.) independently examined the remaining refer-
ences. We excluded studies that clearly did not meet the 
inclusion criteria and obtained copies of the full text of 
potentially relevant studies. Two review authors (C.O., I.O.) 
independently assessed the eligibility of the retrieved papers 
and resolved any disagreements by discussion or recourse to 
third review author (G.E. or I.M.). We documented reasons 
for exclusions.

Methodological quality and risk of bias 
assessment

The quality of the included studies was assessed using a 
valid and reliable tool designed by Munn et al.,12 which has 
been used to measure rates in observational studies in vari-
ous systematic reviews globally. The instrument consisted of 
nine questions to assess the quality of methodology, includ-
ing sample frame, sample population representativeness, 
sample size, sampling method, reporting subjects’ character-
istics, data analysis coverage, method of measurement/diag-
nosis, appropriateness of statistical analysis, and response 
rate. For each question, an answer of “yes” was given a  
score of 1, while an answer of “no,” or “unclear” was given 
a score of 0. As a result, the score for each study ranged from 
0 to 9.12 Studies were rated as low risk, moderate risk or high 
risk if the overall score ranged from 7–9, 4–6, and 0–3, 
respectively. The details are shown in Appendices S1A, S1B, 
and S1C. Quality assessment was performed independently 
by two researchers (G.E. and I.O.). The opinion of a third 
researcher (C.O.) was used in the case of disagreement. We 
assessed the risk of bias in the studies using the Risk of Bias 
tool designed by Munn et al.12

Statistical analysis

Data were analyzed using RevMan 5.4.1 (The Nordic 
Cochrane Center, Copenhagen, Denmark). We pooled data 
about the mother–infant pairs population of MTCT rates 
of HIV and HBV infection and percentage (with 95% 
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confidence interval (CI)) was used as the effect size, and 
then the inverse variance method (Generic Inverse Variance) 
was selected to calculate the pooled effect. In this statistical 
procedure, the rates difference (RD) and its standard error 
are noted to be equivalent to the effect of a single rate and the 
standard error.13 Meta-analysis was performed using the ran-
dom effects model of DerSimonian and Laird.

Cochran’s (Q) statistic test and I2 statistic were used to 
assess for heterogeneity between studies. The p-value less 
than 0.1 was considered statistically significant for the 
Q-statistics test and an I2 value above 50% was considered to 
represent significant heterogeneity. For all other tests, except 
heterogeneity testing, p-value less than 0.05 were considered 
statistically significant.

Role of the funding source

This work was funded by TETFund National Research Fund 
2019 (Grant number TETFund/DR&D/CE/NRF/STI/33). 
The views expressed in this publication are those of the 
author(s) and not necessarily those of the TETFund. The 
funders had no role in the design of the study or writing of 
the article. The corresponding author had full access to all 
the data in the study and had final responsibility for the 
decision to submit for publication.

Results

Description of studies

Results of the search. The search strategy identified 33 refer-
ences in PubMed, 800 in Google Scholar, 10 in CINAHL, 
and 6 references following additional records identified 
through other sources (see Figure 2). When the search 
results were merged into Endnote and duplicates were 
removed, there were 486 unique records. Two review 
authors (C.O., I.O.) independently read the titles and 
abstracts and excluded 567 studies because they did not 
meet the inclusion criteria. Two review authors (G.E. and 
I.M.) independently searched the gray literature (National 
Postgraduate Medical College of Nigeria website, Federal 
Ministry of Health of Nigeria website and The United States 
Agency for International Development website); these 
searches also did not identify any relevant study. The full 
texts of the remaining 25 articles were screened, and 18 
studies (15 studies for HIV; 3 studies for HBV) that ana-
lyzed only the MTCT on mono-infection population were 
identified. We identified one relevant ongoing study by 
Eleje et al.14 The ongoing study is a multicenter prospective 
cohort study aimed at determining the sero prevalence, sero-
conversion rate, the rate and risk factors for MTCT of the 
dual, and triplex infection in pregnancy using PCR at birth 
and 6 weeks post-delivery in Nigeria (see Table 1).

Apart from the ongoing study, we excluded six articles 
that we retrieved; as they did not meet the inclusion crite-
ria6,15–19 (see Table 2).

Table 3 presents the main characteristics of the 18 
included studies.20–37 Majority of the studies were “retro-
spective cohort studies” (retrospective chart reviews) 8/18 
(44.5%)20,21,23,25,27,32–34 or prospective cohort studies 6/18 
(33.3%),24,26,28,31,35,37 while only 4/18 (22.2%) were cross-
sectional studies.22,29,30,36 Majority of the studies included in 
our meta-analysis (17/18; 94.4%) were published from 2011 
to 202120–34,36,37 and one study (1/18; 5.6%) was conducted 
between 2001 and 2010.35

Included studies. Eighteen studies were included in a meta-
analysis on rates of MTCT of HIV or HBV mono-infec-
tions,20–37 as this forms the only evidence base in these viral 
infections of pregnancy in Nigeria (see Table 3).

Excluded studies. We excluded seven references after 
obtaining the full-text paper for the following reasons: One 
reference was an ongoing study14 and the other six refer-
ences reported on studies whose study population did not 
include mother–infant pairs with single, dual or triplex 
infections of HIV, HBV, and HCV6,15–19 and one Offor 
et al.16 was published prior to February 2001, a time prior 
to the routine use of antiretroviral therapy in Nigerian hos-
pitals12 (see Table 2).

Risk of bias in included studies. Only studies that reported on 
mono-infections of HIV and HBV were included and were 
subjected to risk of bias assessment.

Data collection and analysis

MTCT rates of HIV-HBV co-infections. No data were available 
for analysis.

MTCT rates of HIV-HCV co-infections. No data were available 
for analysis.

MTCT rates of HBV-HCV co-infections. No data were available 
for analysis.

MTCT rates of HIV-HBV-HCV triplex infections. No data were 
available for analysis.

Rates of MTCT of HIV mono-infection. We combined data in 
meta-analysis for rates of MTCT of HIV. Figure 3 shows 
the meta-analysis revealing the pooled MTCT rate of HIV 
mono-infection in the included studies.

Fifteen studies involving 5863 participants reported on 
the MTCT rate of HIV in mother–infant pair with HIV 
mono-infection when all the pregnant women living with 
HIV received triple antiretroviral therapy, as treatment or 
prophylaxis, regardless of breastfeeding habit.20–34 The 
MTCT rates for HIV were reported to be 0.0% by Eleje 
et al.,20 Okafor et al.,21 and Ben and Yusuf,22 0.4% by Sagay 
et al.,23 1.0% by Onubogu et al.,24 1.3% by Chukwuemeka 
et al.,25 1.7% by Kalu et al.,26 2.18% by Isah et al.,27 2.8% by 
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Ikechebelu et al.,28 3.4% by Oluwayemi,29 4.0% by Markson 
and Umoh,30 4.5% by Afolabi et al.,31 4.8% by Anoje et al.,32 
5.4% by Itiola et al.,33 and 9.6% by Afe et al.34 at 6 weeks to 
18 months following PCR analysis. The results of our meta-
analysis revealed that the pooled MTCT rates for HIV mono-
infections as seen in the 15 included studies that reported on 
HIV mono-infections was 2.74% (95% CI: 2.48%–2.99%; 
5863 participants; 15 studies; I2 = 100%; p-value < 0.001) 
(Figure 3).

Rates of MTCT of HBV mono-infection. We combined data in 
meta-analysis for rates of MTCT of HBV because the studies 
included were on mono-infection population. Figure 4 shows 
the meta-analysis showing the pooled MTCT rate of HBV 
mono-infection in the included studies.

Three studies involving 433 participants reported on the 
MTCT rate of HBV in mother–infant pair with HBV 
mono-infection confirmed using PCR technique.35–37 The 
MTCT rate for HBV were reported to be 42.86% by 

Table 1. Characteristics of ongoing study.

Variable Explanation

Title Prevalence, seroconversion, and mother-to-child transmission of dual and triplex infections of HIV, HBV, and 
HCV among pregnant women in Nigeria: study protocol.

Methods A multicenter prospective cohort study will be conducted in six tertiary health facilities randomly selected from 
the six geopolitical zones of Nigeria.

Participants All eligible pregnant women are to be tested at enrollment after informed consent for HIV, Hepatitis B and C 
virus infections. While those positive for at least two of the infections in any combination will be enrolled into 
the study and followed up to 6 weeks post-delivery, those negative for the three infections or positive for only 
one of the infections at enrolment will be retested at delivery using a rapid diagnostic test. All exposed newborns 
will be tested for HIV, HBV, or HCV infection at birth and 6 weeks using PCR technique.

Outcomes 1. Seroprevalence of the dual and triplex infection among pregnant women.
2. Hepatic enzyme status and patterns among pregnant women with dual/triplex infections.
3. New infection rate (seroconversion) and risk factors for seroconversion of dual and triplex infections.
4.  Rate of mother-to-child transmission of dual/triplex infections using polymerase Chain Reaction (PCR) at 

6 weeks post-delivery.
Starting date 1 July 2020
Contact information Dr George Eleje, Department of Obstetrics and Gynecology, Nnamdi Azikiwe University, Awka, Nigeria.

Email: georgel21@yahoo.com
Notes The protocol was published by Eleje et al. It is also available at this link: https://rdcu.be/b7Js0

HIV: human immunodeficiency virus; HBV: hepatitis B virus; HCV: hepatitis C virus; PCR: polymerase chain reaction.

Table 2. Characteristics of excluded studies.

Study ID Reasons for exclusion

Sadoh et al.5 The study population was not pregnant women and their infant pairs with dual and triplex infections of HIV, HBV, 
and HCV in Nigeria but consisted of consecutive children aged 2 months to 17 years who were confirmed to be 
HIV infected by enzyme-linked immunosorbent assay in those older than 18 months or by DNA polymerase chain 
reaction if younger than 18 months.

Nwolisa et al.15 The study population was not pregnant women and their infant pairs with dual and triplex infections of HIV, HBV, 
and HCV in Nigeria but consisted of HIV infected children ⩾18 months of age attending the Pediatric HIV Care 
and treatment unit of the clinic.

Offor et al.16 The study population was not pregnant women and their infant pairs with dual and triplex infections of HIV, 
Hepatitis B and C viruses in Nigeria but consisted of 492 systematic blood samples (made up of 246 maternal 
and cord blood pairs) collected during delivery at the labor ward and theater of the University of Benin Teaching 
Hospital, Nigeria and was published prior to 2001.

Lawal et al.17 The study population was not pregnant women and their infant pairs with dual and triplex infections of HIV, Hepatitis 
B and C viruses in Nigeria but consisted of HIV infected children aged 2 months to 13 years in Lagos, Nigeria.

Okechukwu et al.18 The study population was not pregnant women and their infant pairs with dual and triplex infections of HIV, 
HBV, and HCV in Nigeria but consisted of HIV infected children and adolescents aged 2 months to 18 years on 
antiretroviral therapy at the University of Abuja Teaching Hospital, Nigeria.

Audu et al.19 The study population was not pregnant women and their infant pairs with dual and triplex infections of HIV, 
Hepatitis B and C viruses in Nigeria but consisted of infants aged less than 18 months and were either (1) known 
HIV-exposed infants referred from the PMTCT program or other settings in the facility or (2) sick infants whose 
HIV status was not necessarily known but who presented with signs and/or symptoms suggestive of HIV.

HIV: human immunodeficiency virus; DNA: deoxyribonucleic acid; PMTCT: prevention of mother-to-child transmission.

mailto:georgel21@yahoo.com
https://rdcu.be/b7Js0
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Onakewhor et al.,35 51.6% by Eke et al.,36 and 72.0% by 
Olaleye et al.37 among newborns at birth. The results of our 
meta-analysis revealed that the overall MTCT rates for 
HBV mono-infections as seen in the three included studies 
that reported on HBV mono-infections was 55.49% (95% 
CI: 35.93%–75.04%; 433 participants; three studies, 
I2 = 100%; p-value < 0.001) (Figure 4).

Rates of MTCT of HCV mono-infection. No data were available 
for analysis.

Subgroup analyses. We performed subgroup analyses of 
MTCT rates for HIV in the southern region versus northern 
regions of Nigeria. The subgroup analyses revealed that the 
MTCT rate of HIV in the southern region of Nigeria (3.09%; 
95% CI: 2.74%–3.43%, p < 0.001; I2 = 100.0%; 11 studies) 
was higher than in Northern Nigeria (1.78%; 95% CI: 
−0.95% to 4.50%, p < 0.001; I2 = 100.0%; four studies) 
(Figure 5). However, tests for subgroup differences showed 
no significant difference (p = 0.35, I2 = 0%).

In addition, a subgroup analysis of studies published 
between 2001 and 2015 and those published between 2016 
and 2021 revealed that the MTCT rate of HIV among studies 
published between 2001 and 2015 (2.64%; 95% CI: 2.29%–
2.98%, p < 0.001; I2 = 100.0%; 11 studies) was lower than 
those published between 2016 and 2021 (3.02%; 95% CI: 
−0.12% to 6.16%, p < 0.001; I2 = 100.0%; four studies) 
(Figure 6). Tests for subgroup differences showed no signifi-
cant difference (p = 0.81, I2 = 0%). The subgroup analysis did 

not reduce the heterogeneity, indicating that the year of pub-
lication is not the source of heterogeneity (I2 = 100.0% vs 
100.0%).

Meanwhile, we could not perform the subgroup analyses 
in the other areas: asymptomatic versus symptomatic indi-
viduals; and mothers with dual infection versus mothers with 
triplex infection, because the needed data were not reported 
by any of the included studies.

Risk of bias and study quality. Most studies (14/18) were 
assessed to be at moderate risk of bias. There were four stud-
ies at low risk of bias. The domain on which studies most 
often scored poorly were on adequacy of sample size and 
adequacy of response rate. The details of the quality and risk 
of bias of each included study was described in Appendices 
S1A, S1B, and S1C. Overall, the studies showed a moderate 
risk of bias.

Publication bias. Funnel chart and Egger test were done to 
evaluate for possible publication bias. Figure 7 shows the 
Funnel plot of the included studies on HIV mono-infections. 
The funnel chart revealed symmetrical funnel plot and the 
test level was α = 0.50.

Discussion

The motivation for this systematic review was that despite 
the World Health Organization (WHO) global ambition of 
eliminating HIV and viral hepatitis infection by 2030, there 

Table 3. Characteristics of included mono-infection population studies.

Study ID Study location (Region) Study design Sample 
size

Type of 
infection

MTCT 
rate at 
birth

MTCT rate 
at 6 weeks 
to 18 months

Quality 
assessment 
score

Eleje et al.20 Nnewi (South) Retrospective cohort 22 HIV – 0.0% 5
Okafor et al.21 Enugu (South) Retrospective cohort 182 HIV 0.0% 6
Ben and Yusuf22 Sokoto (North) Cross-sectional 88 HIV – 0.0% 5
Sagay et al.23 Jos (North) Retrospective cohort 856 HIV – 0.4% 7
Onubogu et al.24 Nnewi (South) Prospective cohort 142 HIV – 1.0% 5
Chukwuemeka et al.25 Abuja (North) Retrospective cohort 397 HIV – 1.3% 6
Kalu et al.26 Nnewi (South) Prospective cohort 58 HIV – 1.7% 5
Isah et al.27 Enugu (South) Retrospective cohort 367 HIV – 2.18% 6
Ikechebelu et al.28 Nnewi (South) Prospective cohort 726 HIV – 2.8% 7
Oluwayemi et al.29 Ekiti (South) Cross-sectional 88 HIV – 3.4% 5
Markson and Umoh30 Oron, Akwa Ibom (South) Cross-sectional 398 HIV – 4.0% 6
Afolabi et al.31 Ibadan (South) Prospective cohort 44 HIV – 4.5% 5
Anoje et al.32 Cross River and Akwa 

Ibom (South)
Retrospective cohort 434 HIV – 4.8% 6

Itiola et al.33 Adamawa (North) Retrospective cohort 1651 HIV – 5.4% 7
Afe et al.34 Lagos (South) Retrospective case-control 410 HIV – 9.6% 6
Onakewhor et al.35 Benin City (South) Prospective cohort 320 HBV 42.86% – 5
Eke et al.36 Nnewi (South) Cross-sectional 40 HBV 51.6% – 5
Olaleye et al.37 Ife (South) Prospective cohort 73 HBV 72.0% – 7

MTCT: mother-to-child transmission; HIV: human immunodeficiency virus; HBV: hepatitis B virus.
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has been major gaps in this global hepatitis elimination effort 
that continuously threaten achievement of the WHO targets. 
Experts in HIV and viral hepatitis have identified these gaps 
and challenges and have pointed that there should be priori-
ties on epidemiological and MTCT rate studies. The princi-
pal findings in this systematic review were that the rate of 
MTCT of HIV was 2.74% and HBV was 55.49% among 
mother–infant pairs with mono-infection of HIV and HBV 
respectively. We identified no completed studies examining 

MTCT rates and factors associated with MTCT of HIV, 
HBV, and HCV among mother–infant pairs with dual or tri-
plex infections of HIV, HBV, and HCV in Nigeria. However, 
limited data are available on the rates of MTCT of HIV and 
HBV among mother–infant pairs with mono-infections of 
HIV or HBV in Nigeria, indicating the need for further 
investigation of the rate of MTCT of HIV, HBV, and HCV 
among pregnant women with dual or triplex infections of 
HIV, HBV, and HCV in Nigeria.

Figure 3. Meta-analysis showing the pooled MTCT rate of HIV mono-infection in the included studies.

Figure 4. Meta-analysis showing the pooled MTCT rate of HBV mono-infection in the included studies.
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The pooled MTCT rate of 2.74% for HIV was lower than 
3.6% reported in Swaziland,38 3.5% in Romania,39 3·1% in 
Israel,40 but higher than 1% reported in Oman41 and 0% 
reported in Brazil.42 Although the pooled MTCT rate of 
2.74% is reported in this study, this is not a reflection of good 
PMTCT program in Nigeria because Nigeria still accounts 
for the highest number of new pediatric HIV infections in the 
world.43 However, current WHO Option B+ for HAART-
based PMTCT interventions require that breastfeeding is 
allowed for up to 12 months with the mother on the lifetime 
use of antiretroviral (ARV) therapy and the commencement 
of ARV regardless of the CD4 count, and the infant on daily 
nevirapine in the first 6 weeks. This is anticipated to have a 
positive impact on MTCT reduction especially in breastfeed-
ing population like Nigeria.23–25

In addition, the pooled low HIV MTCT rate could prob-
ably be due to the fact that high number of women attending 
antenatal care usually receive ARV therapy. These combined 
interventions when followed effectively can reduce the risk 
of MTCT to low as 2%. Without intervention, 30%–45% of 

all infants born to HIV-positive mothers may be infected and 
10%–20% will be infected through breastfeeding.26,27 This 
finding has become necessary so as to ensure that Nigeria 
meets its target since their commencement of PMTCT of 
HIV program in 2002 in tertiary health institutions spread 
across the country.12

The pooled MTCT rate for HBV of 55.49% is higher than 
a recent study in Ethiopia by Kiros et al.44 and in Ghana by 
Dun-Dery et al.45 which reported an MTCT rate of 30.9% and 
34.7% respectively for HBV. This might be due to inadequate 
treatment for HBsAg carrier mothers and inadequate vaccina-
tion coverage for pregnant mothers.46 Therefore, preventing 
MTCT is essential to achieving the WHO goal of HBV elimi-
nation by 2030.8,9 This can be achieved through the birth dose 
vaccination for newborns from HBsAg carrier mothers and 
antiviral prophylaxis of HBeAg-positive pregnant women 
and those with high viral load as well as antenatal hepatitis B 
immunoglobulins.47,48 However, the pooled MTCT rate of 
HBV of 55.49% (95% CI: 35.93%–75.04%) at birth is high 
and may not reflect the actual vertical transmission rate. 

Figure 5. Subgroup analysis according to regions in Nigeria.
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This is because passively acquired maternal antibody may 
persist in the neonate for up to 6 months.48 However, the 
occurrence of neonatal HBV-antibody in the presence of high 

maternal plasma viral DNA may suggest a higher risk of peri-
natal infection.48

There was no recorded MTCT rate for HCV even for 
mono-infections in Nigeria. Previous Cameroonian study 
documented an MTCT rate of HCV to be 0.0% at 6 weeks 
and 6 months of age,49 while another study that reported ver-
tical transmission rate that was restricted to infants born to 
viremic mothers revealed an MTCT rate of HCV to be 3.6% 
(95% CI: 0.004–0.123) using HCV-RNA PCR analysis in 
Greece.50 The failure to detect any publication for HCV ver-
tical transmission in Nigeria suggests that there are still 
research gaps on the area.51

To the best of our knowledge, this is the first systematic 
review of the literature to identify MTCT rates of HIV and 
HBV among pregnant women and their infant pairs with sin-
gle, dual, and triplex infections of HIV, HBV, and HCV in 
Nigeria. We could not identify any previous systematic 
review on the topic except the one on preventive cascade 
theory on HIV-AIDS.52 Elimination of MTCT of HIV and 
hepatitis in Nigeria will require the implementation of feasi-
ble, culturally acceptable, and sustainable interventions to 

Figure 6. Subgroup analysis according to year of publications.

Figure 7. Funnel plot showing the symmetry of the studies 
included for HIV mono-infection population.
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address the health system-related challenges.8,9 In this study, 
risk factors were not evaluated. Therefore, further studies 
assessing risk factors are needed.

This study has a sort of strength in that it used multiple 
databases with no language restriction in order not to miss 
any eligible study. We performed a comprehensive search, 
including a thorough search of the gray literature, and two 
review authors independently sifted all references (double 
review process). We were restrictive in our inclusion criteria 
with regards to population of studies and country of studies, 
as we planned to include only studies whose mother–infant 
pairs had single, dual, and triplex infections of HIV, HBV, 
and HCV in Nigeria. Given the high burden of HIV, HBV, 
and HCV in Nigeria, the study is relevant as the findings can 
inform interventions for the control and prevention of these 
diseases.

However, the study is not free from potential limitations 
as it may have been affected by the lack of published com-
pleted studies. However, we identified one ongoing study on 
dual and triplex infections examining the seroprevalence, 
seroconversion rate, the rate and risk factors for MTCT of 
the dual or triplex infection in pregnancy using PCR at birth 
and 6 weeks post-delivery in Nigeria.14

Conclusion

The pooled rate of MTCT of HIV was 2.74% and HBV was 
55.49% among mother–infant pairs with mono-infection of 
HIV and HBV, respectively. No data exists on rates of MTCT 
of HCV on mono-infection or MTCT of HIV, HBV, and 
HCV among mother–infant pairs with dual or triplex infec-
tion of HIV, HBV, and HCV in Nigeria. Researchers need to 
be pro-active in this area as there is currently a substantial 
research gap in the evidence on MTCT rates of HIV, HBV, 
and HCV among mother–infants pairs with dual or triplex 
infection of HIV, HBV, and HCV in Nigeria.
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