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Abstract

Hepatitis B virus infection is endemic in sub-Saharan Africa, and accounts for a significant

proportion of morbidities and mortalities in Ghana. Infection with HBV during pregnancy can

result in life-threatening complications to both mother and child. To improve their quality of

life, the free maternal care was introduced to grant pregnant women cost-free access to

antenatal and postnatal services. The study analysed the prevalence of HBV infection

among pregnant women receiving free antenatal care in a tertiary hospital in Ghana. This

was a retrospective cross-sectional study, where secondary data of pregnant women who

accessed free antenatal services at the Trafalga hospital, Ho, from 2016 to 2017 were

retrieved from the hospital’s database. Data on hepatitis B surface antigen reactivity test,

age and period of turnout were analysed with Microsoft Excel and Graph pad prism version

6. A total of 2,634 pregnant women assessed free antenatal care from January 2016 –

December 2017, with 10% rise in turnout in 2017. The age of the study population was fairly

young, ranging from 13–52 years and mean of 29.87±5.83. The prevalence of HBV infection

among pregnant women in the entire study was estimated to be 6.0%, while that of 2016

and 2017 were 5.3% and 6.7% respectively. Turnout for antenatal services peaked in July,

which also recorded the highest prevalence of HBV infection among the pregnant women.

Our study, first of its kind show an HBV prevalence of 6.0% among a large population of

pregnant women who accessed free antenatal services at a tertiary hospital in Ghana. The

study evaluates the influence of the free maternal care policy on antenatal attendance and

HBV infection rates among pregnant women.

Background

The free maternal healthcare policy adopted by Ghana in 2008 is an absolute requisite inter-

vention that provides to pregnant mothers free and easy access to healthcare delivery in all

public and selected private healthcare facilities across the country [1]. This has enhanced the
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routine turnouts of pregnant mothers requiring antenatal assessment, especially in rural com-

munities where antenatal visits aren’t encouraging [2, 3].

The major goal for rolling out such policy was towards reducing maternal and infant mor-

tality by providing to all, convenient, reliable and unlimited access to antenatal and postnatal

care services [4, 5]. Under these services, pregnant mothers undergo several compulsory clini-

cal assessments that promote the wellbeing of the mother and the unborn baby. Among these

clinical assessments also includes laboratory testing for infectious pathogens, of which screen-

ing for hepatitis B virus (HBV) is of high relevance [6, 7].

HBV infection is a global public health issue, affecting more people than HIV [8] and

ranked the 7th leading cause of mortality worldwide in 2013 [9]. Despite the availability of safe

and effective vaccines since the 1980s [10], the availability of successful treatment since 1991

[11], and the implementation of universal vaccination programs [11], HBV is still endemic in

sub-Saharan Africa, with an estimated seroprevalence of 6.1% [12]. As of 2015, 257 million

people were living with chronic HBV infection [13].

In Ghana, this situation is not any different, where HBV remains a huge public health issue

[14]. Although there is currently the availability of a safe and effective vaccine, Ghana is con-

sidered an endemic zone [15] with a prevalence of 8.36% among adults, 14.30% in the adoles-

cent population and 0.55% in children less than 5 years old [14]. The prevalence varies

regionally from 4.8% to 12.3% in the general population, 10.8% to 12.7% in blood donors and

about 10.6% in pregnant women [16]. Ghana is therefore among the areas within sub-Saharan

Africa considered to be highly endemic for HBV infection [17].

Calls for interventions on reducing the risk of HBV transmission saw the birth of a number

of policies, including the national policy on viral hepatitis [6], national health policy [18], tech-

nical guidelines for integrated disease surveillance and response in Ghana [19] the expanded

programme on immunization (EPI) [20] and the national health insurance scheme (NHIS)

[21] among others. Undoubtedly, the strategies have contributed to reduction in the incidence

of new infections nationwide, even though a lot more can be achieved.

For example, the NHIS introduced in 2003, which also included the reputable free maternal

care for pregnant women in 2008, improved overall access to health services by eliminating

financial barriers to healthcare delivery. Under this scheme, only pregnant women and infants

receive free screening for HBV, with infants further vaccinated against the infection under the

EPI. On the other hand, screening for others are only covered under the scheme when they are

prescribed at hospitals for patients “suspected” to be reactive to HBV. Additionally, hepatitis B

immunoglobulin G and hepatitis B monovalent vaccine for babies born to hepatitis B reactive

mothers are also not covered by the NHIS [15].

Viral hepatitis during pregnancy is associated with a high risk of maternal complications.

The infection adversely affect pregnancy outcome, leading to spontaneous abortion, prema-

ture delivery, intrauterine growth restrictions, and low birth weight of infants [22]. In addition,

the high rate of vertical transmission of the virus to the unborn child during delivery, referred

to as mother to child transmission (MTCT) could impact the child’s quality of life. Fetal and

neonatal hepatitis impairs the physical and mental development of infants [23].

In endemic areas, such as Ghana, HBV infection among children occur mainly during

infancy and early childhood, with MTCT accounting for approximately half of the transmis-

sion routes of chronic HBV infections [16, 24]. Prevention of MTCT therefore remains an

essential step in reducing the global burden of chronic HBV in children. Largely, cases of

MTCT of HBV occur at birth, and therefore providing immunoprophylaxis to newborns is an

excellent way to block natal transmission. The WHO 2030 goal of HBV elimination could only

come to realization when full coverage of the universal HBV vaccination and HBV-birth dose

prophylaxis is prioritized in sub-Saharan Africa [12]. Without prophylaxis, a mother who is
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positive for hepatitis B surface antigen (HBsAg) confers up to 90% risk of passing the infection

to her offspring [25]. Consequently, it is imperative to screen and identify infected mothers

whose babies will benefit from HBV immunoprophylaxis while vaccination against the virus

in neonates born to HBV negative mothers will be a cost-effective measure towards eradication

of the infection.

Ghana introduced vaccination against hepatitis B in infants as part of the EPI in 2002 [26].

After 6 weeks of life, infants are administered with the pentavalent vaccine to build immunity

against the infections; hepatitis B, diphtheria, polio, tetanus, and influenza type B [15]. How-

ever, this vaccine provides immunity against HBV infection in infants born to HBsAg negative

mothers but does not prevent perinatal hepatitis B infection. To effectively prevent MTCT of

hepatitis B, the single-dose hepatitis B vaccine or immunoprophylaxis must be administered

within 12 to 24 hours of birth [27].

Undoubtedly, the several strategies adopted to slow down the transmission of HBV among

groups of individuals across the country look promising. Yet, data on the positivity rate, espe-

cially among pregnant mothers within the Volta region of Ghana are limiting. Our study, first

of its kind evaluates the turnout and HBV infection rate among pregnant mothers accessing

free ANC at the Trafalga hospital of the Volta region. Boasting of a large sample size in our

study, we show here an increased turnout of pregnant mothers accessing ANC with consider-

ably reduced prevalence of HBV infection. The study provides ample amount of data on HBV

infection in pregnancy and will be crucial in the formulation of policies aimed at improving

maternal and child health.

Materials and methods

The study was approved by the Department of Biomedical Science, UDS and by the School of

Allied Health Sciences Ethical Review Committee. Appropriate permission was granted by the

management of the Trafalga hospital who maintained ethical standards and obtained patients’

consent in the collection, handling and storage of patients data for the purposes of research.

Data collected was kept confidential and password protected.

Study design and area

This was a retrospective study conducted at the Trafalga Hospital, located in Ho, the capital of

the Volta Region of Ghana. The hospital currently serves as the regional hospital and a referral

facility for the district hospitals in the Volta Region. It has a wide coverage that spans the

entirety of the region and even includes some communities in neighbouring Togo.

Data collection

Secondary data of pregnant women who accessed ANC services at the Trafalga hospital from

the start of 2016 and to the end of 2017 were retrieved from the Hospital Administration and

Management database. This was done in mid-year of 2018 after a data request form was com-

pleted and approved by the hospital authority. Data was anonymized before collection and

included the age, date of visit and HBsAg test results of patients. Authors had no access to

information that could identify individual patients.

Data management and statistical analysis

To eliminate bias, duplicates and incomplete data were eliminated. Data finally analysed con-

sisted of first timers at the ANC unit within the 2-year period. Analysis of data was aided by

Microsoft Excel and Graphpad Prism version 6. Data are presented as means, frequencies and
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graphs. Unpaired t-test was used for comparing continuous variables whiles the Fisher exact

test was used for comparing categorical values. A p-value of less than 0.05 was considered sta-

tistically significant.

Results

A total of 2,634 pregnant women assessed free antenatal care from January 2016 –December

2017. The age of the study population was fairly young, ranging from 13–52 years and with a

mean of 29.87±5.83. The turnout of pregnant women in 2017 at the facility was 10% higher

but slightly younger (29.87±5.83) compared to those who visited the facility in 2016 (30.12

±5.82) (p = 0.0392) as shown in Table 1.

Majority of the pregnant women fell within the age bracket 30–39 years, making up 48.7%

of the entire study population and registering the highest prevalence of hepatitis B infection,

which was closely followed by those in the age group 20–29 years. It is worth noting that teen-

age pregnancy contributed to 4.4% of the study population with a hepatitis B prevalence rate

of 0.3% (Table 1).

The prevalence rate of hepatitis B infection was observed to increase with an increasing age

group of pregnant women, peaking at the 30–39 years age group and then declining sharply in

older groups (Fig 1). Interestingly, the turnout of pregnant women within each age group at

the facility was observed to determine their respective prevalence rates, with increasing turn-

outs providing higher rates as shown in Fig 1. This trend is further observed in the entire yearly

visits, where a 6.7% hepatitis B prevalence rate was determined among 1,380 pregnant women

accessing the ANC facility in 2017 compared to the 5.3% prevalence rate determined among

the 1,254 pregnant women who visited the facility in 2016.

Considering the high turnout of pregnant women who accessed maternal healthcare at the

facility from the beginning of 2016 to the close of 2017, we evaluated whether their turnouts at

the facility could have been influenced by seasonal changes of the year. The monthly turnout

rates of pregnant women for year at the facility were hence determined. A gradual increase in

the monthly rate of turnout was observed from January, plateauing at the months of June, July,

August and then declining in the last quarter of the year as shown in Fig 2A. This trend was

unchanged between 2016 and 2017. The least numbers of pregnant women who visited the

facility were recored at the beginning (January, February) and end (November, December) of

the year. Seasonal changes could therefore be a determining factor for the numbers of preg-

nant women who turned out at the facility.

Table 1. The hepatitis B reactivity status and age distribution of pregnant women accessing free antenatal care.

2016 (N = 1254) 2017 (N = 1380) TOTAL (N = 2634)

Age Positive Negative Total Positive Negative Total Positive Negative OVERALL TOTAL

Mean 30.74±5.67 30.08±5.83 30.12±5.82� 29.58±5.63 29.65±5.84 29.65±5.83� 30.06±5.66 29.86±5.84 29.87±5.83

Range 19–43 14–50 14–50 15–40 13–52 13–52 15–43 13–52 13–52

< 20 2(0.2%) 46(3.7%) 48(3.8%) 6(0.4%) 62(4.5%) 68(4.9%) 8(0.3%) 108(4.1%) 116(4.4%)

20–29 24(1.9%) 493(39.3%) 517(41.2%) 38(2.8%) 554(40.2%) 592(42.9%) 62(2.4%) 1047(39.8%) 1109(42.1%)

30–39 35(2.8%) 577(46.0%) 612(48.8%) 46(3.3%) 625(45.3%) 671(48.6%) 81(3.1%) 1202(45.6%) 1283(48.7%)

40–45 5(0.4%) 66(5.3%) 71(5.7%) 2(0.2%) 43(3.1%) 45(3.3%) 7(0.3%) 109(4.1%) 116(4.4%)

> 45 0(0.0%) 6(0.5%) 6(0.5%) 0(0.0%) 4(0.3%) 4(0.3%) 0(0.0%) 10(0.4%) 10(0.4%)

Total 66(5.3%) 1188(94.7%) 1254(100.0%) 92(6.7%) 1288(93.3%) 1380(100.0%) 158(6.0%) 2476(94.0%) 2634(100.0%)

Continuous data are presented as mean±SD while categorical data are presented as frequencies and percentages. Comparisons between continuous data was made

employing unpaired student t-test while categorical data was compared using fisher exact test. Statistical significance was set at; �p<0.05.

https://doi.org/10.1371/journal.pone.0263651.t001
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A similar trend was also observed in the monthly prevalence of hepatitis B (Fig 2B), proba-

bly indicative of a direct proportionality between turnout and prevalence of hepatitis B infec-

tion. The highest average monthly prevalence of hepatitis B infection among pregnant women

was observed in July followed by June and then August while the least prevalence rate was

observed in January. When the yearly prevalence was estimated, it was noted that the preva-

lence of the infection among pregnant mothers in the Volta region was higher in 2017 (6.7%)

compared to 2016 (5.3%) as shown in Fig 2C. This further strengthened the notion that the

more pregnant women turnout at the facility, the more likelihood of detecting many cases of

pregnant mothers testing positive for HBsAg, as more pregnant mothers (1380) visited the

ANC in 2017 compared to that of 2016 (1254).

The overall prevalence of HBV infection among pregnant women in the study was esti-

mated to be 6.0%, shown in Fig 2D. This represented 158 pregnant mothers who tested posi-

tive for the infection at the ANC facility in the period of 2 years.

Discussion

We studied the trend of HBV infection among pregnant women accessing free maternal care

from 2016 to 2017. Our study estimated the prevalence of hepatitis B among pregnant women

accessing free ANC at the largest hospital in the Voltal region to be 6.0%. In comparison with

similar but much earlier studies across the country, where higher prevalences of 16.0%, 12.3%,

10.6% and 10.5% were reported [15, 28–30], we observe in our study a relatively lower preva-

lence of HBV infection among pregnant women. Measures such as the free maternal and child

care, EPI, increased surveillance on viral hepatitis infection and increased health education

adopted over a decade ago could potentially have contributed to significant drops in the

Fig 1. Frequency distribution and hepatitis B prevalence among pregnant accessing free antenatal care stratified by age group.

https://doi.org/10.1371/journal.pone.0263651.g001
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national prevalence of hepatitis B, and hence among pregnant women as well. A recent study

in the Northern region of Ghana also reported a HBV prevalence among pregnant women to

be 7.9% [31] compared to the much higher prevalences recorded in earlier studies. In addition,

the Volta region could potentially be the region with very few cases of hepatitis B infection,

possibly the reason why the region has limited number of studies on hepatitis B infection.

Therefore the findings of this study may be the true picture of HBV infection among pregnant

women in the region. In neighbouring Nigeria, a prevalence of 7.9% was estimated among

pregnant women [32].

The highest prevalence of hepatitis B among the pregnant women in this study was

recorded in the age bracket 30–39 (3.1%) followed by 19–29 (2.4%). It was least common

among teenage mothers and completely unassociated with pregnant mothers beyond 45 years.

The high prevalence among the 30–39 age bracket and that of the 19–29 compared to the

other age brackets could be associated with engagement in sexual activity. These age groups

fall within the sexually active age brackets, hence are at a higher risk of HBV infection com-

pared to those engaging in less sexual activity, since sex is one of the major routes of HBV

Fig 2. Hepatitis B prevalence and turnout rate of pregnant mothers accessing free maternal care stratified according to month and year. A; monthly

turnout rates in 2016 and 2017 B; monthly prevalence rates of hepatitis B in 2016 and 2017 C; prevalence rates of hepatitis B in 2016 and 2017 D; overall

prevalence of hepatitis B in the study. HBsAg+/-; positive/negative for hepatitis B surface antigen.

https://doi.org/10.1371/journal.pone.0263651.g002
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transmission. Similar findings were made by Luka and colleagues [33] in Nigeria, where they

recorded the highest prevalence of hepatitis B among the 30–34 age bracket followed by the

25–29 age bracket and the least in the 20–24 age bracket. It is worth mentioning that teenage

pregnancy is still a major challenge in Ghana [34]. It is therefore not unsual to record 4.4% of

pregnant mothers to be under 20 years of age, with as young as 13 year old pregnant mothers.

The prevalence of adolescent pregnancy in Africa was estimated to be 18.8% and within the

sub-Saharan African region, 19.3% [35].

When the data of 2016 and 2017 were compared, there was an increased turnout of preg-

nant women at the facility in 2017, who in turn were slightly younger. This may have

accounted for the higher prevalence of hepatitis B infection among pregnant women recorded

in 2017. As a sexually transmitted disease [36], HBV is likely to be common among younger

women, who are often sexually active. The prevalence of hepatitis B increased from 5.3% in

2016 to 6.7% in 2017. The sharp increase in the prevalence maybe because there was an

increase in turnout. The turnout of pregnant women increased from 47.6% in 2016 to 52.4%

in 2017. The high turnout of pregnant women is probably due to the on-going advocacy on

the several national programs on health, such as the free maternal care policy in the country

aimed at promoting maternal and child health.

Analysis of the monthly turnout of pregnant women at the facility was shown to peak in

July irrespective of the year, which also recorded the highest monthly prevalence (6.9%) of

HBV infection. The highest rainfall patterns in Ghana are recorded in the month of June–July,

which comes with increased malaria infection [37]. Therefore, the likelihood of malaria infec-

tion among pregnant mothers during this period is high, and may have compelled them to

seek medical attention at the ANC facility of the Trafalga hospital. Low cases of malaria are

usually recorded from November–February, which further supports the low turnout during

these months.

Though the prevalence of hepatitis B among the pregnant women as found out in this study

was low, we encourage the vaccination of potential mothers against HBV. Vaccination against

hepatitis B is not part of the free maternal healthcare policy. Aside from targeting the neonates

for vaccination, pregnant women who test negative should be vaccinated after delivery. This

measure can result in a further reduction of the prevalence of hepatitis B. There is, therefore

the need to campaign for HBV vaccination among mothers after delivery.

Informed by global goals and targets, there is the need for countries to develop practicable

national policies such as vaccination of pregnant women and mothers to halt the transmission

and further spread of the hepatitis viral infection. These measures should be carried out taking

into consideration the country’s viral hepatitis prevalence, populations affected, structure and

capacity of the healthcare and community systems, and resources that can be mobilized

towards achieving these global targets.

While the present study prides itself in its large sample size of expectant mothers accessing

antenatal care and outcomes of their hepatitis B screening test over 2 years, some limitations

may be apparent. Records on the localities of subjects are lacking. This does not allow for the

clustering of subjects based on their areas of residence. Hence, the possibility of timely identi-

fying zones within the study setting that may be hotspots of HBV infections or teenage preg-

nancies could almost be uncertain. Additionally, the fact that these expectant mothers could

present with comorbidities including malaria, HIV, hypertension, and diabetes among others

at the time of the visit, indicates the relevance of collecting data on these variables. This would

have strengthened the data repository of our study while encouraging a more robust interpre-

tation. Despite the study being entirely a retrospective assessment of the antenatal visits of

expectant mothers, a prospective study in parallel to investigate the likelihood of mother-to-

child transmission of HBV infection would have been complementary. The study did not also
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segregate between subjects who were vaccinated against HBV infection from those who were

not. This is significant in evaluating the rate of hepatitis B vaccination among women within

the region in order to make informed decisions and for the purposes of planning.

Conclusion

Generally, there was an increase in the turnout of pregnant women at the ANC facility of the

Trafalga hospital from 2016 to 2017. The prevalence of hepatitis B among pregnant women

was found to be 6.0%, with the highest monthly prevalence of 6.9% recorded in July. Our study

draws attention to the need to institute and strengthen policies that will encourage hepatitis B

vaccination especially among women of reproductive age. There is also the need to include

hepatitis B vaccination in the free maternal care policy to cater for mothers who are qualified

to take the vaccine.

Supporting information

S1 Checklist. PLOS one clinical studies checklist.

(PDF)

S1 Data.

(ODS)

Acknowledgments

We thank the management of the Trafalga Hospital, Ho for granting us permission to access

and evaluation of secondary data.

Author Contributions

Conceptualization: Benedict Boateng Antuamwine, Eddie Delali Herchel.

Data curation: Eddie Delali Herchel.

Formal analysis: Benedict Boateng Antuamwine, Eric Mishio Bawa.

Methodology: Eddie Delali Herchel.

Supervision: Benedict Boateng Antuamwine.

Validation: Eric Mishio Bawa.

Visualization: Benedict Boateng Antuamwine.

Writing – original draft: Benedict Boateng Antuamwine.

Writing – review & editing: Benedict Boateng Antuamwine, Eddie Delali Herchel, Eric Mis-

hio Bawa.

References
1. Hera, Health Partners G. Evaluation of the Free Maternal Health Care Initiative in Ghana. Accra; 2013.

2. Lang’at E, Mwanri L. Healthcare service providers’ and facility administrators’ perspectives of the free

maternal healthcare services policy in Malindi District, Kenya: a qualitative study. Reproductive Health.

2015; 12(1):59–. https://doi.org/10.1186/s12978-015-0048-1 PMID: 26116432

3. Dixon J, Tenkorang EY, Luginaah IN, Kuuire VZ, Boateng GO. National health insurance scheme enrol-

ment and antenatal care among women in Ghana: is there any relationship? Tropical Medicine & Inter-

national Health. 2014; 19(1):98–106. https://doi.org/10.1111/tmi.12223 PMID: 24219504

4. Health sector programme of work 2008; Independent review. Ministry of Health, Ghana, (2009).

PLOS ONE Impact of the free maternal care policy on antenatal attendance and hepatitis B prevalence

PLOS ONE | https://doi.org/10.1371/journal.pone.0263651 March 4, 2022 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263651.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263651.s002
https://doi.org/10.1186/s12978-015-0048-1
http://www.ncbi.nlm.nih.gov/pubmed/26116432
https://doi.org/10.1111/tmi.12223
http://www.ncbi.nlm.nih.gov/pubmed/24219504
https://doi.org/10.1371/journal.pone.0263651


5. Dalinjong PA, Wang AY, Homer CSE. The implementation of the free maternal health policy in rural

Northern Ghana: synthesised results and lessons learnt. BMC Research Notes. 2018; 11(1):341–.

https://doi.org/10.1186/s13104-018-3452-0 PMID: 29843780

6. Moh. National policy on viral hepatitis. Ministry of Health, Ghana. 2014.

7. Who. WHO antenatal care randomized trial: manual for the implementation of the new model. World

Health Organisation, Geneva. 2002.

8. Lemoine M, Eholié S, Lacombe K. Reducing the neglected burden of viral hepatitis in Africa: strategies

for a global approach. Journal of Hepatology. 2015; 62(2):469–76. https://doi.org/10.1016/j.jhep.2014.

10.008 PMID: 25457207

9. Stanaway JD, Flaxman AD, Naghavi M, Fitzmaurice C, Vos T, Abubakar I, et al. The global burden of

viral hepatitis from 1990 to 2013: findings from the Global Burden of Disease Study 2013. The Lancet.

2016; 388(10049):1081–8. https://doi.org/10.1016/S0140-6736(16)30579-7 PMID: 27394647

10. Mandal S. Introduction of universal infant hepatitis B immunisation in the UK- paving the way to elimina-

tion. Human vaccines & immunotherapeutics. 2019; 15(2):440–3.

11. Halegoua-De Marzio D, Hann H-W. Then and now: the progress in hepatitis B treatment over the past

20 years. World journal of gastroenterology. 2014; 20(2):401–13. https://doi.org/10.3748/wjg.v20.i2.

401 PMID: 24574709

12. Spearman CW, Afihene M, Ally R, Apica B, Awuku Y, Cunha L, et al. Hepatitis B in sub-Saharan Africa:

strategies to achieve the 2030 elimination targets. The Lancet Gastroenterology and Hepatology. 2017;

2(12):900–. https://doi.org/10.1016/S2468-1253(17)30295-9 PMID: 29132759

13. World Health O. Hepatits B Factsheet. 2015. p. 1-.

14. Abesig J, Chen Y, Wang H, Sompo FM, Wu IXY. Prevalence of viral hepatitis B in Ghana between 2015

and 2019: A systematic review and meta-analysis. PLOS ONE. 2020; 15(6):e0234348–e. https://doi.

org/10.1371/journal.pone.0234348 PMID: 32530945

15. Ofori-Asenso R, Agyeman AA. Hepatitis B in Ghana: a systematic review & meta-analysis of prevalence

studies (1995–2015). BMC infectious diseases. 2016; 16(1):130–.

16. Luuse A, Dassah S, Lokpo S, Ameke L, Noagbe M, Adatara P, et al. Sero-prevalence of hepatitis B sur-

face antigen amongst pregnant women attending an antenatal clinic, Volta region, Ghana. Journal of

public health in Africa. 2016; 7(2). https://doi.org/10.4081/jphia.2016.584 PMID: 28299162

17. Ott J, Stevens G, Groeger J, Wiersma S. Global epidemiology of hepatitis B virus infection: new esti-

mates of age-specific HBsAg seroprevalence and endemicity. Vaccine. 2012; 30(12):2212–9. https://

doi.org/10.1016/j.vaccine.2011.12.116 PMID: 22273662

18. Moh. National health policy: Creating wealth through health. Ministry of Health, Ghana. 2007.

19. Moh. Technical guidelines for integrated disease surveillance and response in Ghana. Ministry of

Health, Ghana, National Surveillance Unit2002.

20. Moh. Reproductive health strategic plan: 2007–2011. Ministry of Health, Ghana Health Service. 2007.

21. National Health Insurance Policy Framework for Ghana. Ministry of Health, Ghana, (2004).

22. Ghosh M, Nandi S, Dutta S, Saha MK. Detection of hepatitis B virus infection: a systematic review.

World journal of hepatology. 2015; 7(23):2482–. https://doi.org/10.4254/wjh.v7.i23.2482 PMID:

26483870

23. Sinha S, Kumar M. Pregnancy and chronic hepatitis B virus infection. Hepatology research. 2010; 40

(1):31–48. https://doi.org/10.1111/j.1872-034X.2009.00597.x PMID: 20156298

24. Navabakhsh B, Mehrabi N, Estakhri A, Mohamadnejad M, Poustchi H. Hepatitis B virus infection during

pregnancy: transmission and prevention. Middle East journal of digestive diseases. 2011; 3(2):92–.

PMID: 25197539

25. Teo E-K, Lok ASF. Epidemiology, transmission, and prevention of hepatitis B virus infection. UpToDate:

June. 2006.

26. Owusu-Ansah T.V iral Hepatitis in Ghana: The Role of the Government http://www.ghanaweb.com/

GhanaHomePage/NewsArchive/Viral-Hepatitis-In-Ghana-The-Role-Of-The-Government-222118.

(2014). Accessed; 2015.

27. Kukka C. A Valuable Tool Against Chronic Hepatitis B Goes Unused in Many Developing Countries.

2017. https://doi.org/10.1016/j.envpol.2017.06.015 PMID: 28622662

28. Candotti D, Danso K, Allain J-P. Maternofetal transmission of hepatitis B virus genotype E in Ghana,

west Africa. Journal of General Virology. 2007; 88(10):2686–95.

29. Cho Y, Bonsu G, Akoto-Ampaw A, Nkrumah-Mills G, Nimo JJA, Park JK, et al. The prevalence and risk

factors for hepatitis B surface Ag positivity in pregnant women in eastern region of Ghana. Gut and liver.

2012; 6(2):235–. https://doi.org/10.5009/gnl.2012.6.2.235 PMID: 22570754

PLOS ONE Impact of the free maternal care policy on antenatal attendance and hepatitis B prevalence

PLOS ONE | https://doi.org/10.1371/journal.pone.0263651 March 4, 2022 9 / 10

https://doi.org/10.1186/s13104-018-3452-0
http://www.ncbi.nlm.nih.gov/pubmed/29843780
https://doi.org/10.1016/j.jhep.2014.10.008
https://doi.org/10.1016/j.jhep.2014.10.008
http://www.ncbi.nlm.nih.gov/pubmed/25457207
https://doi.org/10.1016/S0140-6736%2816%2930579-7
http://www.ncbi.nlm.nih.gov/pubmed/27394647
https://doi.org/10.3748/wjg.v20.i2.401
https://doi.org/10.3748/wjg.v20.i2.401
http://www.ncbi.nlm.nih.gov/pubmed/24574709
https://doi.org/10.1016/S2468-1253%2817%2930295-9
http://www.ncbi.nlm.nih.gov/pubmed/29132759
https://doi.org/10.1371/journal.pone.0234348
https://doi.org/10.1371/journal.pone.0234348
http://www.ncbi.nlm.nih.gov/pubmed/32530945
https://doi.org/10.4081/jphia.2016.584
http://www.ncbi.nlm.nih.gov/pubmed/28299162
https://doi.org/10.1016/j.vaccine.2011.12.116
https://doi.org/10.1016/j.vaccine.2011.12.116
http://www.ncbi.nlm.nih.gov/pubmed/22273662
https://doi.org/10.4254/wjh.v7.i23.2482
http://www.ncbi.nlm.nih.gov/pubmed/26483870
https://doi.org/10.1111/j.1872-034X.2009.00597.x
http://www.ncbi.nlm.nih.gov/pubmed/20156298
http://www.ncbi.nlm.nih.gov/pubmed/25197539
http://www.ghanaweb.com/GhanaHomePage/NewsArchive/Viral-Hepatitis-In-Ghana-The-Role-Of-The-Government-222118
http://www.ghanaweb.com/GhanaHomePage/NewsArchive/Viral-Hepatitis-In-Ghana-The-Role-Of-The-Government-222118
https://doi.org/10.1016/j.envpol.2017.06.015
http://www.ncbi.nlm.nih.gov/pubmed/28622662
https://doi.org/10.5009/gnl.2012.6.2.235
http://www.ncbi.nlm.nih.gov/pubmed/22570754
https://doi.org/10.1371/journal.pone.0263651


30. Damale NKR, Lassey AT, Bekoe V. Hepatitis B virus seroprevalence among parturients in Accra,

Ghana. International journal of gynaecology and obstetrics. 2005; 90(3):240–1. https://doi.org/10.1016/

j.ijgo.2005.05.014 PMID: 16005878

31. Anabire NG, Aryee PA, Abdul-Karim A, Abdulai IB, Quaye O, Awandare GA, et al. Prevalence of

malaria and hepatitis B among pregnant women in Northern Ghana: Comparing RDTs with PCR. PloS

one. 2019; 14(2):e0210365–e. https://doi.org/10.1371/journal.pone.0210365 PMID: 30726218

32. Yakasai IA, Ayyuba R, Abubakar IS, Ibrahim SA. Sero-prevalence of hepatitis B virus infection and its

risk factors among pregnant women attending antenatal clinic at Aminu Kano Teaching Hospital, Kano,

Nigeria. Journal of Basic and Clinical Reproductive Sciences. 2012; 1(1–2):49–55.

33. Luka SA, Ibrahim MB, Iliya SN. Sero-prevalence of hepatitis B surface antigen among pregnant women

attending Ahmadu Bello University Teaching Hospital, Zaria, Nigeria. Nigerian Journal of Parasitology.

2008; 29(1):38–41.

34. Dzotsi HT, Oppong Asante K, Osafo J. Challenges associated with teenage motherhood in Ghana: a

qualitative study. Vulnerable Children and Youth Studies. 2020; 15(1):85–96.

35. Kassa GM, Arowojolu AO, Odukogbe AA, Yalew AW. Prevalence and determinants of adolescent preg-

nancy in Africa: a systematic review and Meta-analysis. Reproductive Health. 2018; 15(1):195–. https://

doi.org/10.1186/s12978-018-0640-2 PMID: 30497509

36. Inoue T, Tanaka Y. Hepatitis B virus and its sexually transmitted infection-an update. Microbial cell.

2016; 3(9):420. https://doi.org/10.15698/mic2016.09.527 PMID: 28357379

37. Asare EO, Amekudzi LK. Assessing climate driven malaria variability in Ghana using a regional scale

dynamical model. Climate. 2017; 5(1):20–.

PLOS ONE Impact of the free maternal care policy on antenatal attendance and hepatitis B prevalence

PLOS ONE | https://doi.org/10.1371/journal.pone.0263651 March 4, 2022 10 / 10

https://doi.org/10.1016/j.ijgo.2005.05.014
https://doi.org/10.1016/j.ijgo.2005.05.014
http://www.ncbi.nlm.nih.gov/pubmed/16005878
https://doi.org/10.1371/journal.pone.0210365
http://www.ncbi.nlm.nih.gov/pubmed/30726218
https://doi.org/10.1186/s12978-018-0640-2
https://doi.org/10.1186/s12978-018-0640-2
http://www.ncbi.nlm.nih.gov/pubmed/30497509
https://doi.org/10.15698/mic2016.09.527
http://www.ncbi.nlm.nih.gov/pubmed/28357379
https://doi.org/10.1371/journal.pone.0263651

