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Abstract 

Background  Although mother-to-child transmission (MTCT) of hepatitis B virus (HBV) is prevalent in West Africa, 
epidemiological data on HBV infection in women remain scarce. We studied i) hepatitis B surface antigen (HBsAg) 
prevalence and its correlates, ii) HBV screening history and serological status awareness, iii) MTCT risk and treatment 
needs in Senegalese women.

Methods  A cross-sectional population-based serosurvey for HBsAg positivity was conducted in 2018–2019 in the 
rural area of Niakhar (Fatick region, Senegal). Participants were offered home-based HBV screening and answered 
face-to-face questionnaires. HBsAg-positive participants underwent clinical and biological assessments. Data were 
weighted and calibrated to be representative of the area’s population. Logistic regression models helped identify fac-
tors associated with HBsAg-positivity in adult women (> 15 years old).

Results  HBsAg prevalence in adult women was 9.2% [95% confidence interval: 7.0–11.4]. Factors associated with 
HBsAg-positivity were being 15–49 years old (ref: ≥ 50), living in a household with > 2 other HBsAg-positive members, 
and knowing someone with liver disease. Only 1.6% of women had already been tested for HBV; no one who tested 
HBsAg positive was already aware of their serological status. In women 15–49 years old, 5% risked MTCT and none 
were eligible for long-term antiviral treatment.

Conclusions  Adult women have a high HBsAg prevalence but a low MTCT risk. Low rates of HBV screening and 
serological status awareness argue for the adoption of systematic screening during pregnancy using free and rapid 
diagnostic tests. Additionally, screening household members of HBsAg-positive women may greatly improve the 
cascade of care in rural Senegal.
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Background
Without timely diagnosis and adequate treatment, 
chronic hepatitis B virus (HBV) infection can progress 
to liver fibrosis, cirrhosis, and hepatocellular carcinoma 
(HCC) [1]. In Sub-Saharan Africa (SSA), HBV prevalence 
is above 8% and related morbidity and mortality are par-
ticularly high due to limited access to testing and antivi-
ral treatment [2–4]. West Africa is the most affected area 
with 31,000 HCC-related deaths in 2015 [5, 6].

In SSA, exposure to HBV predominantly occurs during 
early childhood, mostly through horizontal and mother-
to-child transmission (MTCT), and HBV infection is 
one of the most common perinatally acquired infectious 
diseases [7]. HBV infection through MTCT is associated 
with a 90% risk of developing chronic infection [8, 9] 
and with a fivefold higher risk of developing liver com-
plications, including cirrhosis and HCC, than horizontal 
transmission [6]. Prior to the introduction of HBV immu-
nization, MTCT accounted for 10% of all HBV infections 
in this region [10]. However, the relative contribution of 
MTCT to new HBV infections is expected to increase 
in the near future due to increased pentavalent vaccine 
coverage (including HBV) in children, without the imple-
mentation of additional MTCT preventive measures [11].

Preventing HBV MTCT in SSA is therefore indispen-
sable if the World Health Organization’s (WHO) target 
of hepatitis B elimination by 2030 is to be achieved [7]. 
Three key interventions are recommended in the WHO’s 
2020 guidelines for the prevention of MTCT: [8] i) a first 
dose of HBV vaccine within 24 h after birth to all new-
borns (‘birth dose’ hereafter); ii) HBV screening for all 
pregnant women; iii) short-term treatment with Tenofo-
vir (from the 28th week of pregnancy until at least deliv-
ery) for pregnant women at high risk of MTCT, defined 
as an HBV DNA ≥ 200,000 IU/mL or hepatitis B e antigen 
(HBeAg) positivity (in settings where HBV DNA quanti-
fication is unavailable) [8].

In Senegal, HBV infection is highly endemic with an 
estimated prevalence of 6.9% (95% confidence inter-
val (CI) 5.6–8.1%) in rural areas [12]. To prevent HBV 
MTCT, the birth dose was introduced into the Expanded 
Program on Immunization in 2016 to complement the 
existing (since 2004) pentavalent combine vaccine sched-
uled at 6, 10 and 14 weeks after birth. HBV screening is 
recommended in pregnant women but is not included in 
the free tests offered during antenatal consultations. The 
national hepatitis program plans to decentralize HBV 
screening, care and treatment services at the regional 
and district levels of the healthcare system [13]. However, 
access to treatment remains limited for the prevention of 
MTCT in pregnant women at high risk.

Preventing HBV MTCT is particularly challenging in 
rural areas, where access to healthcare services is limited. 

Epidemiological data on HBV infection and MTCT risk 
in women living in West Africa remain scare [14, 15]. 
However, such data are required to assess HBV preven-
tion, care and treatment needs in this population, and to 
design and implement effective prevention interventions.

We aimed to study the following in adult rural Senega-
lese women: i) chronic HBV infection prevalence and its 
correlates; ii) their knowledge of HBV infection, HBV 
screening experience and awareness of HBV their sero-
logical status; iii) HBV MTCT risk and treatment needs.

Methods
Study setting
ANRS 12356 AmBASS is a large population-based cross-
sectional survey conducted from October 2018 to May 
2019 to assess the socioeconomic and public health 
impact of chronic HBV infection in the rural area of the 
Niakhar Health and Demographic Surveillance System 
(HDSS), in the region of Fatick in Senegal [16].

The Niakhar HDSS comprises 44,854 inhabitants liv-
ing in 30 villages over a 203 km2 area [17]. The economy 
of this rural area is mainly based on agriculture and 
livestock farming [18]. Four primary healthcare posts 
managed by nurses act as first-contact facilities offering 
basic services in the area, including maternal and child 
healthcare as well as normal deliveries (i.e., no caesar-
ian section, etc.). Furthermore, two healthcare centres 
managed by physicians (reference facilities at the dis-
trict level) and the regional hospital are located close to 
the HDSS area [18].

The study area is of particular interest as the Fatick 
region was selected in 2018 by the National Hepatitis 
Program to be the pilot region for the decentralization of 
HBV care.

Study design and participants
Two-stage stratified sampling was used to select par-
ticipating households [16, 19]. The required sample size 
(n = 3,200 participants) was calculated to provide an 
estimation of the HBs antigen (HBsAg) prevalence in 
the general population and in women of childbearing 
age (WCBA) (15–49  years) with a precision of ± 1.2% 
and ± 3%, respectively. We hypothesized a minimum 
average prevalence of 10% and a maximum of 17% based 
on previous findings, as described more in detail in the 
study protocol [16].

All individuals aged ≥ 6 months who lived (or intended 
to live) for at least 6  months during the year in the 
selected households were invited to participate. Informed 
consent to participate was mandatory; parental consent 
was obtained for all participating minors. The full design 
of the survey is presented in detail elsewhere [16].
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Ethical considerations
The study received ethical approval from the Senegalese 
National Ethical Committee for Research in Health (no. 
082MSAS/DPRS/CNERS), and authorization from the 
French Commission on Information Technology and Lib-
erties (reference MMS/HG/OTB/AR181521). The study 
conforms to the declaration of Helsinki.

Data collection
Data collection at the home level
Household members who agreed to participate received 
pre-HBV test counseling and were then screened by 
nurses using dried blood spots (DBS, Whatman 903 
Protein saver card). This simple and reliable technique 
(diagnostic sensitivity and specificity > 90%) has been rec-
ommended by the WHO to detect HBsAg in areas where 
rapid diagnostic tests (RDT) are not available or where 
there are no facilities or expertise to take venous blood 
specimens [20].

After screening, face-to-face questionnaires were con-
ducted to document participants’ socio-demographic 
and socioeconomic characteristics, maternal health (for 
WCBA), HBV screening history, and general knowledge 
of hepatitis B.

Another questionnaire was also administered to the 
head of the household or its representative, to document 
housing characteristics and household resources includ-
ing durable goods, agricultural and farming resources.

Clinical and biological data collection at the healthcare 
facility level
All participants were informed of their HBV screening 
test results and received post-test counselling. HBsAg-
positive participants were offered a consultation with 
the study physician for additional clinical and biological 
examinations to assess liver disease stage and treatment 
eligibility. Venous blood samples were collected for full 
blood count, alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), HBeAg, antibody to HIV 
(ARCHITECT, Abbott), and antibody to hepatitis D virus 
(HDV) (Enzyme Linked Immunosorbent Assay, Hepati-
tis Delta, Virion\Sirion). HBV DNA levels were assessed 
(RT-PCR, Gene Proof DNA, Biosynex) using DBS.

Laboratory procedures
All DBS and blood samples were transported to the 
Niakhar station laboratory where they were stored and 
transferred weekly to the Institute for Health Research, 
Epidemiological Surveillance and Training laboratory 
for analysis. Using a standardized method [21], the DBS 
were eluted to detect HBsAg using a chemiluminescent 
microparticle immunoassay (ARCHITECT, Abbott, Sligo, 

Ireland). Based on the results of the AmBASS pilot study, 
which collected 39 paired DBS and serum samples, we 
defined HBsAg cut-off values at 1.0  IU/mL (for negativ-
ity) and 1.5  IU/mL (for positivity) using DBS (Additional 
file 1). A second HBsAg test was systematically performed 
using venous blood sampling for participants with HBsAg 
values between 1.0 and 1.5 IU/mL on DBS [16].

Study population
For the present study, the study population comprised 
all adult women (> 15 years old) who participated in the 
AmBASS survey. We also analyzed the two following 
subgroups in this population: (i) WCBA, and (ii) WCBA 
with at least one full-term pregnancy.

Statistical analyses
Data weighting and calibration
Participants’ data were weighted and calibrated to ensure 
that the study population was representative of all adult 
women of the Niakhar HDSS in terms of age (Additional 
file  2). All analyses were performed using weighted and 
calibrated data. Sampling weights were calculated as the 
inverse of the individual probability of inclusion in the 
sample, divided by the number of months each individual 
in the household was present during the preceding year. 
The following variables were used: number of partici-
pants in the household, number of eligible individuals in 
the household, number of households participating in the 
survey in the given village, number of randomly selected 
households in the given village, number of villages ran-
domly selected for the survey, number of villages in the 
Niakhar HDSS.

Descriptive analyses
The characteristics of the whole study population and of 
the two subgroups were described using percentages for 
categorical variables and mean ± standard deviation (SD) 
for continuous variables. We compared the characteris-
tics of WCBA (15–49 years) with those of older women 
(aged ≥ 50  years) using Wilcoxon Mann–Whitney test 
and Chi2 test for continuous and categorical variables, 
respectively.

Prevalence estimations
Chronic HBV infection was defined by HBsAg positiv-
ity based on a single assessment according to the WHO’s 
recommendation for settings where HBsAg seropreva-
lence is above 0.4% [20]. HBsAg positivity prevalence was 
calculated for all adult women and according to age class 
(15–49  years old; ≥ 50  years old). The prevalence 95% 
confidence intervals were estimated using standard Wald 
confidence limits for proportions.
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Factors associated with chronic HBV infection
Logistic regression models were performed to identify 
factors associated with chronic HBV infection in the 
study population. Factors with a p-value < 0.25 in univari-
able analyses were considered eligible for multivariable 
analysis. The final multivariable model was built using a 
backward stepwise selection procedure, with a p-value 
threshold set at 0.10.

HBV MTCT risks and antiviral treatment needs
A high risk of HBV MTCT (requiring antiviral prophy-
laxis during pregnancy) was defined as having HBV 
DNA ≥ 200,000 IU/mL [8].

Long-term treatment eligibility was assessed using 
WHO guidelines, which recommend treatment initia-
tion for the following conditions: (i) clinical evidence of 
cirrhosis or (ii) AST-to-platelet ratio index (APRI) score 
above two or (iii) age ≥ 30  years old with persistently 
abnormal ALT levels and HBV DNA > 20,000  IU/mL 

[22]. We applied the ALT value measured at a single time 
point and considered an upper limit of normal (ULN) 
value of 19 U/L [22].

All analyses were performed using STATA, version 14.2 
for Windows (StataCorp, College Station, USA).

Results
Characteristics of the study population
Socio‑demographic and socioeconomic characteristics
Among the 3,118 AmBASS participants, 1671 (54.0%) 
were women, 905 (54.0%) of whom were aged > 15 years 
(study population). Of the latter, 720 (80.0%) were 
WCBA, including 439 (60.0%) women who already had 
one full-term pregnancy (Fig. 1).

Mean age (SD) of the women in the study population 
was 33.9 (16.3) years (Table 1). Two-thirds (61.8%) were 
married and 44.2% had at least four children. Approxi-
mately half (51.6%) had never attended school, 31.8% 

Fig. 1  Selection of the study population and of the two subgroups of women considered in the analyses (i) and (ii)) (ANRS 12356 AmBASS survey)
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were studying and 58.9% had an economic activity, 
mainly in the farming sector.

Maternal health in WCBA with at least one full‑term 
pregnancy
Most WCBA (97.0%) attended antenatal consultations 
during their last pregnancy and 71.5% had at least four 
antenatal consultations (as recommended in Senegal 
[23]) (Additional file 3). Three quarters (75.5%) of WCBA 
had given birth at least once in a healthcare facility.

Table 1  Characteristics of adult women (n = 905) (ANRS 12356 
AmBASS, weighted and calibrated data)

Variables (% of missing data in adult 
women and in WCBA)

Adult women (> 15 years)
n = 905

Socio-demographic and socioeconomic characteristics
  Age (in years) (0.0; 0.0) 34.3 (16.3)

  Matrimonial status (1.5; 1.9)
    Married in a polygamous union 44.9

    Married in a monogamous union 16.9

    Not married 38.2

  Total number of children (1.8; 1.9) 3.2 (3.2)

  Number of children (1.8; 1.9)

    0 34.9

    1–3 20.9

     ≥ 4 44.2

  Area of residence (0.0; 0.0)

    Semi-urban 64.5

    Rural 35.5

  Educational level (2.2; 2.4)

    Junior high school or above 34.8

    Primary or below 13.6

    Never attended school 51.6

  Activity (1.8; 2.2)

    Inactive 9.3

    Farming and/or non-farming activity 58.9

    Studies/training 31.8

  Household wealth index (0.0; 0.0) a

    1st quartile 17.5

    2nd quartile 21.8

    3rd quartile 23.6

    4th quartile 37.1

  Having community health insurance (1.5; 1.7)

    Yes 4.5

    No 95.5

HBV screening
  Living in a household with at least 
two other HBsAg-positive individuals 
(0.0; 0.0)

5.8

  Having been previously tested for HBV (2.4; 2.8)

    Yes 1.6

    No 98.4

  Awareness of HBV serostatus among 
women previously tested (0.0; 0.0)

n = 8

    Yes, positive 0.0

    Yes, negative 95.5

    Do not know 4.5

  Reasons for never having been tested 
for HBV

n = 875

    Never heard of HBV testing (0.0; 0.0) 83.3

    Not offered in the antenatal sessions 
(0.0; 0.0)

8.4

Table 1  (continued)

Variables (% of missing data in adult 
women and in WCBA)

Adult women (> 15 years)
n = 905

Knowledge of hepatitis B
  Are you aware of the liver diseases, which we call ‘big belly’ and 
‘yellow eyes’? (1.4; 1.7)

    Yes 22.3

    No 77.7

  Do you know someone who had/has a liver disease? (1.4; 1.7)

    Yes 18.8

    No 81.2

  Have you ever heard of hepatitis B? (1.4; 1.7)

    Yes 18.4

    No 81.6

  Do you think there is a link between liver disease and hepatitis 
B? (1.4; 1.7)

    Yes 8.0

    No 92.0

  Do you know what the modes of HBV transmission are? (0.0; 0.0)

    Sexual transmission 12.2

    Contact with blood 14.4

    Perinatal transmission 14.3

  Do you know if there is a vaccine that protects against hepati-
tis B? (1.4; 1.7)

    Yes 10.7

    No 89.3

  HBV knowledge score (range 0 to 5 points) (0.0; 0.0) b

    Poor knowledge (< 3) 86.7

    Good knowledge (≥ 3) 13.3

Abbreviations: HBV Hepatitis B virus, HBsAg Hepatitis B virus surface antigen, 
WCBA Women of childbearing age
a Information on household resources including durable goods, agricultural 
and farming resources was used to build a household index of living conditions 
using a multiple component analysis
b The knowledge score variable was built using the five following items: 1) 
knowing that there is a link between liver sicknesses and hepatitis B; knowing 
the three main modes of HBV transmission 2) sexual transmission, 3) contact 
with blood, 4) perinatal transmission (from mother to child during delivery); 5) 
knowing that there is vaccine that protects against hepatitis B. One point was 
awarded for each correct answer and zero for each incorrect or ‘does not know’ 
answer. The total score ranged from zero to five points
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Knowledge on hepatitis B
Adult women’s global knowledge of HBV was low 
(Table  1), with only 18.4% having already heard about 
hepatitis B, and 10.7% knowing about hepatitis B vac-
cine. They were also poorly informed about HBV 
transmission modes, with only 12.2%, 14.4% and 14.3% 
knowing that the main modes of HBV transmission were 
sexual intercourse, blood contact and MTCT, respec-
tively. With respect to women aged ≥ 50  years, WCBA 
tended to be slightly more knowledgeable (p = 0.032).

History of HBV testing
Only 1.6% of the study population reported having 
been previously screened for hepatitis B, mostly dur-
ing pregnancy. All of the latter were aware of their 
test results (all negative). Among those who had never 
been screened, 83.3% had never heard of HBV testing 
and 8.4% had not been offered HBV screening dur-
ing antenatal consultations. Furthermore, no one who 
tested HBsAg positive was already aware of their sero-
logical status.

HBsAg positivity prevalence estimations and correlates
HBsAg prevalence
Among the 905 adult women, 96 were HBsAg-positive 
(87 of them were WCBA). HBsAg prevalence in the study 
population and specifically in WCBA was 9.2% [95% 
CI 7.0–11.4] and 10.4% [95% CI 7.7–13.0], respectively 
(Fig. 2, Additional file 4).

Profile of HBsAg‑positive adult women
Table  2 shows factors associated with HBsAg-pos-
itivity in adult women in both univariable and 

multivariable analyses. In the final multivariable model, 
at the 10% level, WCBA were five times more at risk 
of being HBsAg-positive than older women (adjusted 
odds-ratio (aOR) [95% CI]: 5.15 [1.93–13.78], p = 0.004, 
for 35–49  years and 2.82 [1.09–7.26], p = 0.040, for 
15–35 years, compared with ≥ 50 years old). This was also 
the case for adult women who lived in a household with 
at least two other HBsAg-positive members (aOR [95% 
CI]: 5.09 [2.88- 9.02], p < 0.001), whilst the risk of being 
HBsAg-positive was twice higher in adult women who 
knew someone with liver disease (aOR [95% CI]: 2.23 
[0.94- 5.27], p = 0.065).

HBV MTCT risk and treatment needs
HBV MTCT risk in WCBA
Table 3 presents the clinical and biological characteristics 
of positive-HBsAg WCBA.

HBV DNA was detected (≥ 26 IU/mL) in 35.4% of pos-
itive-HBsAg WCBA, 5.9% of whom had HBV DNA levels 
of 2,000–19,999 IU/mL and 8.0% HBV DNA ≥ 20,000 IU/
mL. Additionally, 5.4% of positive-HBsAg WCBA had 
HBV DNA > 200,000 IU/mL.

Need for long‑term treatment in adult women in general 
and specifically in WCBA
The majority of HBsAg-positive adult women (78.6%) 
agreed to undergo additional clinical and biological 
examinations. Among them, 8.8% (9.4% of WCBA) were 
HBeAg-positive.

Approximately 9.3% of HBsAg-positive adult women 
and 6.4% of WCBA reported a family history of carci-
noma or cirrhosis in a first-degree relative, and 3.3% had 
clinical signs potentially suggestive of the presence of 

Fig. 2  Prevalence of HBsAg positivity in adult women stratified by age in the rural area of Niakhar, Senegal, using weighted and calibrated data 
(ANRS 12356 AmBASS survey)
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Table 2  Factors associated with HBsAg-positivity in adult women, logistic regression models using weighted and calibrated data, 
n = 905 (ANRS 12356 AmBASS)

Variables Univariable analyses
(n = 905)

Multivariable analysis
(n = 890)

OR [95% CI] P value aOR [95% CI] P value

Socio-demographic and socioeconomic characteristics
  Age group (years)

     ≥ 50 (ref.) 1 1

     > 35 – 49 4.27 [1.75; 10.38] 0.005 5.15 [1.93; 13.78] 0.004

    15 – 35 2.52 [1.05; 6.06] 0.041 2.82 [1.09; 7.26] 0.040

  Matrimonial status
    Married in a polygamous union (ref.) 1

    Married in a monogamous union 0.82 [0.42; 1.60] 0.515

    Not married 0.75 [0.41; 1.35] 0.294

  Number of children
    0 (ref.) 1

    1–3 1.66 [0.2; 3.38] 0.140

     ≥ 4 1.32 [0.68; 2.55] 0.371

  Pregnant at the time of the survey
    No (ref.) 1

    Yes 1.04 [0.33; 3.27] 0.944

  Area of residence
    Semi-urban (ref.) 1

    Rural 0.95 [0.52; 1.72] 0.837

  Educational level
    Junior high school or above (ref.) 1

    Primary or below 0.73 [0.33; 1.60] 0.385

    Never attended school 1.10 [0.60; 2.01] 0.720

  Activity
    Inactive (ref.) 1

    Farming and/or non-farming activity 3.05 [0.67; 13.9] 0.131

    Studies/training 2.00 [0.50; 8.05] 0.289

  Household wealth index a

    1st quartile (ref.) 1

    2nd quartile 1.58 [0.61; 4.13] 0.309

    3rd quartile 2.08 [0.91; 4.78] 0.077

    4th quartile 1.40 [0.58; 3.39] 0.417

  Having community health insurance
    Yes (ref.) 1

    No 6.36 [0.77;52.57] 0.079

Hepatitis b status of household members and knowledge on hepatitis B
  Living in a household with at least 2 other HBsAg-positive individuals
    No (ref.) 1 1

    Yes 4.16 [2.27; 7.62]  < 0.001 5.09 [2.88; 9.02]  < 0.001

  Do you know someone who had/has a liver disease?
    Yes (ref.) 1 1

    No 2.21 [0.91; 5.38] 0.075 2.23 [0.94; 5.27] 0.065

  Have you ever heard of hepatitis B?
    Yes (ref.) 1

    No 1.58 [0.78; 3.19] 0.176
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decompensated cirrhosis (oedema, ascites, icterus) but 
this was not confirmed by laboratory tests (see Table 3).

Less than half (46.9% and 45.1% of all participants and 
specifically WCBA, respectively) had inactive chronic 
HBV infection (HBeAg negative and anti-HBe positive 
and HBV DNA < 2,000  IU/mL and ALT < ULN). None 
had an APRI score > 2 at the time of the study and none 
was eligible for long-term treatment.

Discussion
Our study provides detailed epidemiological data on 
chronic HBV infection in adult women living in a rural 
area of Senegal as well as a comprehensive assessment of 
their needs for HBV prevention and treatment. We found 
a high prevalence of HBsAg in the study population (9.2% 
[95% CI: 7.0–11.4]) but a relatively low risk of MTCT in 
the WCBA subgroup (i.e., 5% in HBsAg-positive WCBA). 
Half of HBsAg-positive women had active chronic HBV 
infection but at the time of the study, none were eligi-
ble for long-term antiviral treatment according to WHO 
guidelines [22]. Knowledge of HBV infection was very 

poor and only 1.6% of the study population had been 
tested for HBV prior to our study.

A high HBsAg prevalence in rural Senegalese women
Data on the prevalence of HBsAg in women living in rural 
areas in West Africa are scarce. Our findings are consistent 
with two previous studies in Senegal which both estimated 
the prevalence of HBsAg in pregnant women attending 
hospitals in Dakar, in 2006–2010 [24] and 2014 [25] at 
approximately 12%. A meta-analysis in Burkina Faso and a 
cohort study in Mauritania also reported a similar HBsAg 
prevalence (i.e., 11.2% and 10.7%, respectively) in preg-
nant women. However, several studies in The Gambia and 
Ghana showed a relatively lower HBsAg prevalence than 
that found by us (specifically, 7.6% and 9.6% in The Gam-
bia [26, 27], and 2.4% to 10.2% in Ghana, depending on the 
region [28–31]). In Nigeria, HBsAg estimations in preg-
nant women varied from 3.9% to 16.5% over the period 
2010–2018 [32–36]. Overall, our findings suggest that 
rural Senegalese women are one of the subpopulations 
most affected by chronic HBV infection in West Africa.

Table 2  (continued)

Variables Univariable analyses
(n = 905)

Multivariable analysis
(n = 890)

OR [95% CI] P value aOR [95% CI] P value

  Do you think there is a link between liver disease and hepatitis B?
    Yes (ref.) 1

    No 1.65 [0.51; 5.27] 0.357

  Do you know what the modes of Hepatitis B transmission are?
    Sexual transmission

      Correct response (ref.) 1

      Incorrect 2.41 [0.87; 6.66] 0.082

    Contact with blood

      Correct response (ref.) 1

      Incorrect 1.75 [0.77; 3.98] 0.159

    Perinatal transmission

      Correct response (ref.) 1

      Incorrect 2.12 [0.85; 5.30] 0.095

  Do you know if there is a vaccine that protects against hepatitis B?
    Yes (ref.) 1

    No 1.12 [0.46; 2.76] 0.778

  Knowledge score (ranged: 0–5 points) (0.0) b

    Good score (3–5 points) 1

    Poor score (0–2 points) 2.02 [0.79; 5.16] 0.125

Abbreviations: aOR Adjusted odds ratio, CI confidence interval, OR Odds ratio
a Information on household resources including durable goods, agricultural and farming resources was used to build a household index of living conditions using a 
multiple component analysis
b The knowledge score variable was built using the five following items: 1) knowing that there is a link between liver sicknesses and hepatitis B; knowing the three 
main modes of HBV transmission 2) sexual transmission, 3) contact with blood, 4) perinatal transmission (from mother to child during delivery); 5) knowing that there 
is vaccine that protects against hepatitis B. One point was awarded for each correct answer and zero for each incorrect or ‘does not know’ answer
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Table 3  Clinical and biological characteristics of HBsAg-positive women (n = 96) using weighted and calibrated data (ANRS 12,356 
AmBASS)

Abbreviations: HBV DNA Hepatitis B virus deoxyribonucleic acid, IU/mL International units per millilitre, WCBA Women of childbearing age, IQR Interquartile range, 
HBeAg Hepatitis B virus e antigen, HDV Hepatitis D virus, MTCT​ Mother to child transmission, ALT Alanine aminotransferase, AST Aspartate aminotransferase, ULN 
Upper limit of normal threshold level, APRI Aspartate aminotransferase-to-platelet ratio index
a ALT: Upper limit of normal threshold level = 19 U/L
b AST: Upper limit of normal threshold level = 34 U/L
c APRI: AST-to-platelet-ratio-index, APRI = [*(AST/ULN) × 100] / platelet count (109)

Variables (% of missing data) Adult women 
(> 15 years)

WCBA
(15–49 years)

(%)or median [IQR]

HBsAg-positive women N = 96 N = 87
  HBV DNA (IU/mL) (0.0; 0.0)

    Undetectable (< 26) 62.5 64.6

    26 – 1,999 23.8 21.5

    2000 – 19,999 5.5 5.9

    20 000 – 199,999 3.2 2.6

     > 200 000 5.0 5.4

HBsAg-positive women who underwent clinical and biological examinations N = 80 N = 73
  Ongoing signs of cirrhosis
    Oedema (0.0; 0.0) 2.1 2.2

    Ascites (0.0; 0.0) 1.0 1.1

    Icterus (0.0; 0.0) 0.0 0.0

Family history of hepatocellular carcinoma or cirrhosis in a first degree relative (0.0; 0.0) 9.3 6.4

HBeAg-positive (0.0; 0.0) 8.8 9.4

HIV positive (0.0; 0.0) 0.0 0.0

HDV positive (0.0;0.0) 0.0 0.0

ALT(0.0)a

   ≤ 19 69.4 68.3

  20–38 28.7 29.6

   ≥ 39 1.9 2.1

AST (0.0) b

   < 34 96.1 95.8

  34–67 3.9 4.2

   ≥ 68 0.0 0.0

Inactive chronic HBV infection (0.0)
HBeAg negative and anti-HBe positive and HBV DNA < 2,000 IU/mL and ALT < ULNa

46.9 45.1

Inactive chronic HBV infection (0.0)
HBeAg negative and HBeAg negative and anti-HBe positive and HBV DNA < 2,000 IU/mL and ALT < ULN

46.9 45.1

APRI (11.3; 11.0) c

 < 1 97.9 97.7

[1;2] 2.1 2.3

 > 2 0.0 0.0

Eligible for long-term treatment according to the 2015 WHO guidelines
  APRI > 2 (11.3; 11.0) c 0.0 0.0

  Clinical diagnosis of cirrhosis (0.0; 0.0) 0.0 0.0

   ≥ 30 years old AND abnormal ALT levelsa AND HBV DNA > 20,000 IU/ml (0.0; 0.0) 0.0 0.0

Eligible for antiviral treatment according to national recommendations
  ALT > 2 × ULN and HBV DNA > 20,000 IU/mL 0.0 0.0

  ALT > ULN and HBV DNA > 2,000 IU/mL and FibroScan (at least F2 fibrosis) 0.0 0.0
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Factors associated with chronic HBV infection
WCBA were more likely to be HBsAg-positive than older 
women (i.e., ≥ 50 years), which is consistent with several 
studies conducted in Ghana and Nigeria where young 
women (aged < 30  years) were at higher risk of chronic 
HBV infection [28, 33, 34, 36]. “ Decreasing HBsAg 
prevalence with age could be explained by the pres-
ence of occult hepatic infections in older people with 
chronic HBV infection and a higher all-cause mortality 
rate in this population [26]. Furthermore, echoing the 
results of other studies in Nigeria and Ethiopia [37–39], 
women in our study who were living in a household with 
at least two other HBsAg-positive members were more 
likely to be chronically infected with HBV; this suggests 
the importance of intra-familial transmission. Finally, 
knowing someone with liver disease was associated with 
chronic HBV infection. This variable may reflect a greater 
awareness of HBV infection.

Low risk of HBV MTCT in rural Senegalese women
Five percent of HBsAg-positive WCBA were at high 
risk of MTCT. In the only other study which previously 
measured HBV DNA and HBeAg in pregnant women in 
Senegal [25], no woman had detectable HBV viral load 
or positive HBeAg. However, the sample size in that 
study was small (n = 115, with 14 (12%) HBsAg-positive 
women). Data on HBV MTCT risk are also scarce in 
SSA, as HBV DNA is rarely assessed. Furthermore, in 
the three studies that have investigated HBeAg-positivity 
in pregnant women in Ghana, Ethiopia and Cameroon 
respectively,[28, 39, 40] estimates for HBeAg-positivity 
in HBsAg-positive women ranged from 26.1 to 40.0%, 
which is higher than what we found in our study (approx-
imately 9%).

No WCBA eligible for long‑term treatment
None of the WCBA were eligible for long-term treat-
ment according to WHO’s 2015 recommendations [22], 
in line with WHO’s statement that “only a small propor-
tion of WCBA would be eligible for long-term treatment” 
[8]. Furthermore, none of the WCBA were eligible using 
Senegal’s national recommendations, which are adapted 
from the European Association for the Study of the Liver 
(EASL) 2012 clinical practice guidelines [41].

This contrasts with findings from the PROLIFICA study 
in Senegal, where 10.1% of women > 15 years old were eli-
gible for treatment according to EASL 2012 criteria [42]. 
However, treatment eligibility according to sex has not 
been presented by study population (community-based 
screening, blood bank, hospital-based – only the global 
estimation is given), and the proportion of women eligible 
for treatment in the community may therefore be lower.

Of note, more simplified and accurate criteria to iden-
tify patients eligible for long-term treatment are needed. 
Indeed, studies in sub-Saharan Africa have found that 
WHO simplified criteria do not correctly identify all 
patients eligible for treatment and have pointed out the 
complexity of identifying patients when different rec-
ommendations exist [43]. For example, in the AmBASS 
study, treatment eligibility differed in the general popu-
lation according to the recommendations used (3 men 
were eligible according to national recommendations and 
1 man was eligible according to WHO criteria) [12]. In 
the PROLIFICA study in Senegal, 9.1% and 1.5% of the 
community-based study participants were eligible for 
long-term treatment according to EASL 2012 and WHO 
recommendations, respectively (18.3% and 5.6% in all 
study populations) [42]. Furthermore, eligibility to treat-
ment needs to be assessed longitudinally during patients’ 
follow-up, using non-invasive tests such as APRI or elas-
tometry (Fibroscan®), if available [22].”

Poor knowledge of HBV infection, low screening rates, 
and HBV status awareness
Despite the high prevalence of HBsAg positivity, only 
a small proportion of the study population had basic 
knowledge about HBV infection and previous experi-
ence of HBV screening. Specifically, only 1.6% of women 
had been previously screened and knew their serologi-
cal status before our study. The majority reported they 
had never heard of HBV screening and 8.4% reported 
they were not offered screening during antenatal con-
sultations although most of them had attended antena-
tal consultations in the area. Although it is possible that 
some respondents did not remember HBV infection 
being talked about or did not remember being offered 
HBV screening during antenatal consultations, or were 
screened by health professionals without knowing, these 
findings suggest that information and communication on 
HBV infection is insufficient and HBV screening during 
pregnancy is suboptimal in the study area. A previous 
study conducted in healthcare workers in the same area 
highlighted structural barriers to HBV screening, includ-
ing a lack of healthcare worker training on HBV infection 
and related counselling, unavailability of RDT, and user 
fees for HBV screening and treatment [18]. Our findings 
are in line with previous studies conducted in SSA which 
also found that pregnant women had poor knowledge of 
HBV [29, 32, 44], and that levels of screening and HBV 
status awareness were low [39].

Health policy recommendations
Our study has important policy implications for the 
hepatitis B elimination agenda in Senegal as well as for 
neighboring countries with a similar epidemiologic 
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situation. Knowledge of HBV infection and serological 
status awareness are key components of HBV prevention 
and are the first steps of the HBV cascade of care. Given 
that most women in Senegal attend healthcare facilities 
during their pregnancy, antenatal consultations represent 
a major opportunity to give them comprehensive infor-
mation on HBV infection, its potential consequences on 
their health and that of their baby, and the importance 
of being tested [8]. In order for systematic screening to 
be accessible to all pregnant women in primary health-
care facilities in Senegal, screening should be free and 
performed using HBsAg RDT, which are highly reliable 
[45] and deliver results promptly (within 15–45  min); 
this speed limits the risk of undelivered results and loss-
to-follow-up. Furthermore, as chronic HBV infections 
tend to cluster within families and households in highly 
endemic areas [46], relatives of HBsAg-positive women 
should be offered screening for HBV infection.

Finally, despite the low proportion of pregnant women 
eligible for peripartum antiviral therapy in our study, pre-
ventive treatment in high-risk women should be recom-
mended by national programs in high-HBV-prevalence 
countries, in addition to systematic screening of pregnant 
women and timely HBV birth dose vaccination in infants 
[8]. Indeed, HBV birth dose vaccination alone is not suf-
ficient and effective to prevent MTCT as studies in sub-
Saharan Africa have highlighted an important residual 
risk of MTCT despite the timely administration of the 
HBV birth-dose vaccine [47, 48]. In addition, data from 
the AmBASS study show that timely coverage of the HBV 
birth dose vaccine is below WHO recommendations in 
the Niakhar area (66.8% in 2017–2018) [19].

Limitations and strengths
Our study has several limitations. First, the Niakhar 
HDSS area is not representative of the country as a 
whole. However, it is quite representative of rural areas 
in Senegal both in terms of socioeconomic and health 
characteristics of the population and in terms of avail-
able health infrastructure and services. Our survey may 
therefore provide a fair picture of the situation of HBV 
infection in women in rural Senegal. Second, self-reports 
of HBV screening history may have been affected by 
memory bias, which may have led to an underestima-
tion of HBV screening coverage. Third, some informa-
tion on HBV transmission risk factors (including history 
of multiple sexual partners, sexually transmitted infec-
tions, surgical procedures, abortions and blood transfu-
sion [27, 32–34, 38, 39, 44, 49–53]) were not collected. 
Therefore, we cannot exclude the risk of bias in the esti-
mation of adjusted odds ratios as we may have omit-
ted potentially relevant covariates in the multivariable 
model. Fourth, we did not use venous blood sampling, 

which is the reference method to detect HBsAg but used 
DBS. However, this method has a high performance with 
a > 90% diagnostic sensitivity and specificity compared 
with plasma or serum tests [20]. Furthermore, we con-
ducted a pilot study to determine HBsAg cut-off values 
(i.e., 1.0 IU/mL for negativity and 1.5 IU/mL for positiv-
ity) and all results within this range were systematically 
confirmed using blood samples. Of the 30 performed on 
blood samples, 3 were confirmed positive suggesting that 
the technique used to detect HBsAg is unlikely to change 
our results.

Despite these weaknesses, our study explored several 
key issues surrounding HBV control in rural Senegalese 
women, including chronic HBV infection prevalence 
and MTCT risk, HBV status awareness, as well as clini-
cal and biological characteristics of women with chronic 
HBV infection. These data obtained from a large sample 
of women in rural Senegal can be especially useful for 
policy makers to design interventions specifically tar-
geted for women in Senegal and in other West African 
countries facing similar HBV epidemic and health system 
challenges.

Conclusions
To conclude, our findings suggest the urgent need for 
greater HBV prevention and care for women in rural Sen-
egal. They argue for the scale-up of HBV counselling and 
free screening for women using RDT. Pregnant women 
should be a priority target. By providing HBV counselling 
during antenatal consultations, the majority of pregnant 
women with chronic HBV infection can be identified and 
provided HBV prevention and care. HBV screening could 
be extended to their household members to improve the 
overall HBV cascade of care in rural Senegal [46]. This 
strategy could greatly help to reach the WHO’s target of 
HBV elimination by 2030.
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