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Abstract

Background: The risk of HIV transmission during pregnancy remains a
concern in Cameroon. Recent estimates suggest a national HIV prevalence
of approximately 4.5%, increasing the likelihood of vertical transmission.
Objective: To estimate HIV seroprevalence and identify sociodemographic
and obstetric determinants of HIV infection among pregnant women
attending antenatal care in Cameroon.

Methods: A cross-sectional study was conducted from September 2022 to
June 2023 among pregnant women aged 15 years and above in 324 health
facilities across eight regions. Consecutive voluntary sampling was used
until the site-specific sample size was reached. Facilities were purposively
selected based on monthly ANC attendance >30. HIV screening followed
the national algorithm. Multivariable Complementary Log-Log regression
was used to identify factors associated with HIV infection, and adjusted
prevalence ratios (aPRs) with 95% confidence intervals (CIs) were
reported. Data were analysed using Excel and SPSS 27.

Results: Among 10,669 pregnant women (median age: 25 years), HIV
prevalence was 2.6%. Younger women (<25 years) were more likely to be
HIV-positive (aPR = 1.20; 95% CI: 1.07-1.34). HIV positivity was lower
among single (aPR = 0.80) and cohabiting women (aPR = 0.89) compared
with married women. Women with primary (aPR = 0.82) or secondary
education (aPR = 0.86) had lower HIV positivity than those with higher
education. First-trimester ANC attendance was also associated with
reduced HIV positivity (aPR = 0.88). Compared with Yaoundé, women in
five other regions showed significantly lower HIV positivity (aPRs: 0.75-

0.79).
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Conclusion: HIV prevalence among pregnant women in Cameroon is
relatively low but remains unevenly distributed across regions and
sociodemographic groups, with higher prevalence observed among
married women and lower prevalence among women initiating antenatal
care in the first trimester. Strengthening antenatal care as a platform for
early HIV prevention, including timely counselling and partner testing,
may help reduce these disparities and support progress toward eliminating
mother-to-child transmission of HIV.

Clinical trial number: not applicable

Keywords: HIV infection, Mother-to-Child Transmission, pregnancy,

prenatal care, HIV seroprevalence, risk factors, Cameroon

Background

HIV infection remains prevalent among pregnant women and continues to
pose a major public health chalienge across many low- and middle-income
countries (LMICs). In 2023, an estimated 1.2 million (950,000-1.4 million)
pregnant women worldwide were living with HIV, of whom approximately
84% (72->98%) received antiretroviral therapy for the prevention of
mother-to-child transmission (PMTCT) [1]. Sub-Saharan Africa accounts
for two-thirds of these infections, with prevalence ranging from 5% to 42%
across countries [2,3].

Pregnant women living with HIV face a high risk of transmitting the virus
to their infants during pregnancy, labour, delivery, or breastfeeding [4]. In
the absence of any intervention, between 20% and 45% of infants may
acquire HIV, with an estimated risk of 5-10% during pregnancy, 0-20%
during labour and delivery, and 5-20% during breastfeeding [3-8]. Without

treatment, half of all HIV-infected children die before their second
4
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birthday, reinforcing the urgency of eliminating vertical HIV transmission
in high-priority countries such as Cameroon [3].

Although Cameroon has achieved substantial progress—reducing HIV
prevalence in the general population from 5.5% in 2005 [9] to 2.7% in
2018 [10], the burden remains high among specific groups, including
pregnant women. HIV prevalence among pregnant women declined from
7.6% in 2009 to 4.26% in 2019, yet some regions continue to show
elevated levels (e.g. 8.46% in the South Region), highlighting the need for
continued surveillance to guide targeted interventions [11]. HIV
prevalence in this population remains similar in urban and rural areas,
ranging from 5.58% to 5.87% in national HIV Sentinel Surveillance (HSS)
reports [12].

Multiple factors have been associated with IiIV infection among pregnant
women in Cameroon, including marital status, multiparity, age, and region
of residence [12]. However, given ongoing demographic and behavioural
shifts, updated evidence is essential for strategic public health action. This
study aligns with global and national goals to eliminate vertical HIV
transmission. At the international level, it supports the UNAIDS target of
achieving zero new paediatric HIV infections by 2030, within the Global
Alliance to end AIDS in children [13]. It also reflects the WHO “triple
elimination initiative,” which promotes the simultaneous elimination of
mother-to-child transmission of HIV, syphilis, and hepatitis B through
integrated ANC services [14]. Nationally, Cameroon has committed to
these objectives through its PMTCT programme, emphasizing the need for
up-to-date, high-quality epidemiological data to inform region-specific

interventions and advance progress toward eMTCT.
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Methods and materials

Study design and setting

A cross-sectional study was conducted between September 2022 and June
2023 across eight regions of Cameroon: Adamaoua, East, Far North,
North, West, South, Centre, and Littoral. Within the Centre and Littoral
regions, the major urban centres of Yaoundé and Douala were specifically
included because of their high population density and the
representativeness of their demographic and health profiles. These cities
are considered comparable to other regions in terms of healthcare access,

socioeconomic diversity, and HIV epidemiological patterns.
Study population

The study population comprised pregnant women aged 15 years and above
who provided informed consent and were attending antenatal or maternity
care services. Eligible participaiits were those with unknown HIV status or
those who had been documented as HIV-negative for at least three months
prior to enrolment. Pregnant women presenting with acute illnesses (e.g.,
febrile conditions, respiratory infections, or any medical condition

requiring immediate intervention) were excluded from participation.

Sample size and sampling

Sample size

The sample size was calculated using the WHO expert formula (Adequacy
of sample size in health surveys) and taking into account the estimated

HIV prevalence of pregnant women [15] :

=1
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With:

[0 P= anticipated pregnant women prevalence of HIV infection at
2.13% [16,17];
[0 €= relative accuracy set in advance at 4%

[0 Z21.q2= number of standard errors of the mean (1.96);

Accordingly, the minimal required sample size was estimated at 9,604
pregnant women. However, because data collection involved 324 high-
volume ANC facilities, all eligible and consenting women attending during
the study period were enrolled, resulting in a final sample of 10,687
women. This 11.3% increase over the minimum requirement does not
introduce bias; instead, the larger sample reduces standard errors and
narrows confidence intervals, thereby improving the precision and stability
of the estimations[18-20] without altering the direction or magnitude of
the associations.

Sampling

Purposive sampling was used to select 324 health facilities out of 4679
(6.92%). Health facilities were selected based on their prenatal care
service volume (>30 new prenatal care clients per month), referred to as
‘prenatal care weight’, which corresponds to the average number of
pregnant women attending first prenatal care visits per month. Criterion
sampling appears to be used most commonly in implementation research
[21].

Selected facilities included a range of service levels, including integrated
health centres, district hospitals, and regional referral hospitals, in both

urban and rural areas.
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In each selected health facility, voluntary sampling [22,23] was used to
recruit pregnant women until the minimum size requirement was
exceeded. While the selection was not probabilistic, the wide regional
distribution and inclusion of high-volume facilities across various levels of
the health system ensured operational representativeness for pregnant

women attending antenatal care services.

Data collection and HIV testing procedure

Two HIV tests were used according to national guidelines (national HIV
screening algorithm): Determine (Abbott Laboratories, IL, USA) and
Oraquick.

The data were collected using a dedicated paper-based register
specifically designed for this study. This register was developed to ensure
standardized recording of key information, including sociodemographic
characteristics, obstetric history, and HIV testing results, across all 324
participating health faciiities. The tool was designed to meet the
operational requirements of this research. Given the multi-week duration
(12 weeks) of the data collection phase, a register format was chosen over
loose questionnaires to minimize the risk of data loss, improve
organization, and ensure traceability. Trained midwives and nurses
completed the register during routine ANC visits for all eligible and
consenting pregnant women. They were trained for 03 days in the use of
Determine and Oraquick for HIV screening and in the study methodology.
Testing took place at the entry point (prenatal care and maternity clinics)
of the health facilities selected for the study.

When a pregnant women arrived at the prenatal care or maternity ward,

the site's trained provider introduced himself to her, checked her

8
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eligibility, sent her the information leaflet and asked for her informed
consent. Once the participants had provided informed consent, pre-test
counselling was conducted, after which HIV testing of pregnant women
was performed in accordance with the national algorithm (Figure 1).

Pregnant women who tested positive by the national HIV screening
algorithm were managed by the aforementioned health facility in
accordance with the guidelines for HIV management in Cameroon. Women
who tested HIV-negative received standard post-test counselling and were
referred to routine prevention services, including health education, as
recommended by national guidelines. Among the 10,683 participants, 14
(0.1%) had indeterminate HIV results. These cases were managed in
accordance with the Cameroonian national HIV screening algorithm,
which recommends retesting three weeks after the initial indeterminate
result. These participants were excluded from prevalence and regression

analyses to avoid misclassification bias.

Variables of study

The main outcome was HIV seroprevalence. HIV seroprevalence was
defined as the proportion of pregnant women who tested positive by the
HIV screening algorithm.

Independent variables included region, age group, marital status,

gestational age, history of abortion, and number of previous pregnancies.

In this operational survey, although a specific data-collection register was
designed for the study, data were collected by routine ANC staff. To avoid
disrupting service delivery and to minimise staff workload, the register
was intentionally aligned with the sociodemographic and obstetric

variables that are systematically and uniformly documented in national
9
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ANC registers. This approach ensured feasibility, consistency, and data

completeness across the 324 participating facilities and maintained

comparability with previous HIV Sentinel Surveillance rounds. Variables

such as religion, household economic status, age of sexual debut, partner

characteristics, and other behavioural factors were not included because

they are not routinely collected in ANC settings and would have introduced

substantial missing data and measurement heterogeneity. Restricting the

analysis to consistently available variables therefore preserved internal

validity and analytical reliability.
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Figure 1. HIV screening algorithm used in the study
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Data were collected on a specific register developed for the purpose of the
study. In addition, data quality assurance measures were implemented
throughout the study, including daily verification of registers by site
supervisors, weekly data reviews, and centralized consistency checks prior
to data entry. Data were first entered using CS Pro version 7.7.3 for its
suitability in handling large-scale survey data and then exported to Excel
for initial cleaning. Final statistical analyses were conducted using SPSS
version 27. Continuous variables were described using the median with the
interquartile range (IQR) because the data were not normally distributed,
as confirmed by visual inspection and distribution tests. Categorical
variables were described using proportions. The association of
independent variables with primary outcome (Positive HIV infection) was
assessed in univariate and multivariable analysis using binomial regression
with Complementary Log-Log link (Clog-Log regression). The Clog-Log
regression is the best way io deal with imbalanced data (extremely
skewed) [24-27]. The final multivariable model was built using
independent variables with a significance level set at p < 0.2. We have
reported adjusted prevalence ratio (aPR), and the 95 % confidence
intervals (95%CI). Multicollinearity among the predictor variables included
in the final complementary log-log regression model was evaluated using
variance inflation factors [28,29]. No evidence of high collinearity was
found (Supplementary file 7). The outliers, the influential cases were also
examined (File 7. Checking bias of Complementary Log Log regression). In
the absence of a continuous predictor in the model, the linearity of the
logit has not been verified. All tests were two-sided, with p < 0.05

indicating statistical significance.
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Ethical consideration

In accordance with Cameroonian law, the legal age for marriage is 18
years for both males and females, as stipulated in the Family and Persons
Code (Law No. 2016/007 of July 12, 2016). However, under Cameroonian
civil law, a pregnant minor is considered an emancipated minor, thereby
legally capable of giving informed consent for herself, including
participation in research involving minimal risk such as this
epidemiological study. Accordingly, written informed consent was obtained
directly from all participants aged 15 years and above, including
emancipated minors.

For participants who were illiterate, the informed consent process was
conducted orally in the participant’s preferred language in the presence of
an impartial witness. Consent forms were read aloud in full, and
participants indicated their agreement by affixing a thumbprint,
countersigned by the witness, as per the principles of the Declaration of
Helsinki and national ethics guidelines.

Although the names of participants were temporarily collected on field
registers for follow-up and linkage to care, all data used for analysis were
anonymized prior to entry. Unique study identification codes replaced
personal identifiers. Only authorized personnel had access to identifiable
data, which were stored securely in accordance with data protection
standards and confidentiality protocols approved by the National Ethics

Committee.”

Results

12
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of pregnant

Of 10,669 pregnant women tested, the median age was 25 (21 - 30) and

the age group least represented was 35 and over (10.7%). 39.7% had

secondary education, 57.9% were married (Table 1).

Table 1. Sociodemographic characteristics of pregnant women attending

antenatal care in 324 health facilities across 8 regions of Cameroon, 2022

-2023 (N = 10,669)

Variables Frequency Perc((: /zl)tage
Region
Adamaoua 740 6.9
East 836 7.8
Far North 2089 19.6
North 2054 19.3
West 110 1.0
South 732 6.9
Yaoundé 2173 20.4
Douala 1935 18.1
Age
Median (IQR) 25 years (21 - 30)

Under 25 years

25 - 35 years old

35 years old and
above

Educational level

Never schooled
Primary
Secondary
Superior

Marital status

Bachelor
Cohabitation
Married

4782
4744

1143

2149
2905
4231
1384

2132
2357
6180

44.8
44.5

10.7

20.1
27.2
39.7
13.0

20.0
22.1
57.9

Among pregnant women, 29.4% were nulliparous, 45.3% of pregnant

women were in the 3T trimester of pregnancy and 15.7% of pregnant

13
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women had declared that they had already had at least one abortion (Table
2).
Table 2. Obstetric characteristics of pregnant women attending antenatal

care in 324 health facilities across 8 regions of Cameroon, 2022 -2023

Variables frequency Perc((z/zl)tage

Number of pregnancies N=10,387
Nulliparous 3026 29.4
Primiparous 2350 22.6
Pauciparous 3059 29.5
Multiparous 1293 12.4
Large multiparous 659 6.3

Gestational age (in weeks of amenorrhea)

(n=10,669) 24 weeks (16 - 32)
1st trimester °f pregnancy 1451 13.6
2nd trimester °f pregnancy 4383 41.1
3rd trimester °f pregnancy 4835 45.3

History of abortion (n=10,669)
No abortion 8998 84.3
01 abortion 1105 10.4
02 abortions and more 566 5.3

Seroprevalence of HIV infection among pregnant women

Overall, HIV seroprevalence among pregnant women was 2.6% (95% CI:
2.33 - 2.93) (Table 3).

Table 3. Seroprevalence of HIV infection among pregnant women
attending antenatal care in 324 health facilities across 8 regions of

Cameroon, September 2022 -2023 (n = 10,669)

Percentage 95% CI

HIV diagnosis using the national Frequency (%)

algorithm Frequency Perc(eo/il)tage 95% CI
Negative 10 390 97.4 97.1 -97.7
Positive 279 2.6 2.33-2.93

Factors associated with HIV seroprevalence among

pregnant women

14
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Table 4 presents factors associated with HIV diagnosis among pregnant
women based on univariate and multivariable analyses. Geographically,
women residing in the Adamaoua, East, Far North, North and South
regions were significantly less likely to be diagnosed with HIV compared to
those in Yaoundé, after adjustment, with adjusted prevalence ratios (aPR)
ranging from 0.75 to 0.79 (p<0.01). Younger age, particularly being under
25 years old, was associated with a significantly higher likelihood of HIV
infection (aPR = 1.20; 95% CI: 1.07-1.34; p = 0.002), highlighting the
increased vulnerability of this age group. Regarding marital status, women
in cohabiting relationships or who were single (bachelor) had significantly
lower HIV prevalence compared to married women (aPR = 0.89 and 0.80,
respectively). Educational attainment also played a protective role, with
women who had only primary education aPR=0.82; p=0.009) or secondary
education (aPR = 0.86; p = 0.024) being significantly associated with
lower HIV prevalence, while no significant protective effect was observed
for women who were never schooled comparing with those who had
undergone university education. First-trimester pregnancy was
significantly associated with a lower prevalence of HIV (aPR = 0.88; p =
0.016). In contrast, abortion history was not statistically associated with
HIV diagnosis in the multivariable model. These findings underscore the
importance of tailoring HIV prevention strategies based on age, marital

status, education level, and geographic location (Table 4).
Discussion

In this large national sample of over 10,000 pregnant women, we found an
overall HIV prevalence of 2.6%. These observed HIV seroprevalence
among pregnant women in Cameroon indicates a low but still persistent

15
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burden of HIV infection in antenatal populations. Also, HIV prevalence

among pregnant women is one of the indicators of HIV prevalence among

general population, as they represent the sexually active population [30].

This result of seroprevalence are similar to the last national HIV

prevalence rate (2.7%) conducted in 2018 [10] but is significantly lower

compared to the 2016 Cameroonian HSS with 5.75% among pregnant

women [12], including the results of other studies in Cameroon which

reported HIV prevalences (up to 6%) among pregnant women [31-33].

Table 4. Sociodemographic, Obstetrical Factors Associated with HIV

Diagnosis Among Pregnant Women attending ANC: Univariate and

Multivariable Analyses (N = 10,669)

Region (N=10669)
Adamaoua
East
Far North
North
West
South
Douala
Yaounde
Age (N=10669)
Under 25 years old
25 - 34 years old
35 years old and above
Marital status (N=10669)
Bachelor
Cohabitation
Married
Parity (N=10387)
Nulliparous
Primiparous
Pauciparous
Multiparous
Large multiparous
Educational level (N=10669)

Never schooled

HIV diagnosis

Univariable analysis

Multivariate analysis

(N2=10669)

N n (%) P cPR(95% CI) p aPR (95% CI)
740 17(2.3) 0.142 0.89 (0.77-1.04) 0.006** 0.78 (0.66-0.93)
836 74(8.9) <0.001 0.57 (0.51-0.65) 0.001** 0.55 (0.48-0.63)
2089 47(2.2) 0.060 0.90 (0.80-1.00) <0.001** 0.79 (0.68-0.90)
2054 49(2.4) 0.031 0.89 (0.79-0.99) <0.001** 0.78 (0.68-0.90)
110 3(2.7) 0.334 0.85 (0.62-1.18) 0.164 0.79 (0.56-1.10)
732 29(4.0) <0.001 0.76 (0.67-0.88) <0.001** 0.75 (0.65-0.87)
1935 28(1.4) 0.946 1.00 (0.89-1.13) 0.958 1.00 (0.88-1.13)
2173 32(1.5) 1 1
4782 113(2.4) 0.071 1.10 (0.99-1.22) 0.002** 1.20 (1.07-1.34)
4744 128(2.7) 0.259 1.06 (0.96-1.18) 0.190 1.08 (0.96-1.20)
1143 38(3.3) 1 1
2132 69(3.2) 0.007 0.89 (0.83-0.97) <0.001** 0.80 (0.72-0.89)
2357 76(3.2) 0.006 0.90 (0.83-0.97) 0.024* 0.89 (0.81-0.98)
6180 134(.2) 1 1
3026 71(2.3) 0.901 1.01 (0.87-1.16)

2350 58(2.5) 0.953 0.99 (0.83-1.10)

3059 87(2.8) 0.550 0.96 (0.83-1.10)

1293 35(2.7) 0.714 0.97 (0.83-1.14)

659 16(2.4) 1

2149 54(2.5) 0.004 0.83 (0.72-0.94) 0.057 0.86 (0.73-1.00)

16



Primary 2905 93(3.2) <0.001 0.77 (0.68-0.87) 0.009** 0.82 (0.71-0.95)

Secondary 4231 116(2.7) <0.001 0.80(0.71-0.91) 0.024* 0.86 (0.75-0.98)
Supérior 1384 16(1.2) 1 1
Gestational age (N=10669)
1st trimester of pregnancy 1451 46(3.2) 0.067 0.91 (0.83-1.00) 0.016* 0.88 (0.80-0.98)
2nd trimester of pregnancy 4383 122(2.8) 0.137 0.95 (0.89-1.02) 0.151 0.95 (0.88-1.02)
3rd trimester of pregnancy 4835 111(2.3) 1 1
History of abortion (N=10669)
No abortion 8998 226(2.5) 0.059 1.13(0.99-1.30) 0.051 1.15 (1.00-1.33)
01 abortion 1105 31(2.8) 0.239 1.10 (0.94-1.29) 0.433 1.07 (0.90-1.27)
02 abortions and more 566 22(3.9) 1 1
350 1: reference category; P: significance; *: significant at 5%; **: significant at 1%; cPR: crude Prevalence Ratio;
351 aPR: adjusted Prevalence Ratio; N: number of subjects included in univariate analysis; N2: number of subjects
352 included in multivariable analysis

353 Although our study design is similar to national HSS exercises conducted
354 in ANC settings, this study was an independent, cross-sectional survey
355 designed to assess the prevalence, sociodemographic and obstetrical
356 determinants of HIV infection among pregnani women. It was not
357 conducted within the fixed existing network of sentinel surveillance sites.
358 Only 6.48% (21 out of 324) of the HHS collection sites were represented
359 within our sample of health facilities. Although our study sites were not
360 part of the national HSS network, we compare selected findings with data
361 from sentinel studies for national context. This prevalence is meaningful as
362 it places Cameroon below the commonly cited 5% threshold used in policy
363 frameworks to identify generalized epidemics among pregnant women. It
364 also reflects a further decline from previous sentinel survey [12],
365 suggesting that Cameroon is making tangible progress in the context of
366 the eMTCT initiative. This declining prevalence is the result of progress
367 and strategies implemented by Cameroon in recent years to strengthen
368 HIV prevention among women, who are disproportionately affected by
369 HIV. These include the integration of reproductive health and maternal,

370 newborn, child and adolescent health services/HIV/PMTCT,
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decentralisation of services and delegation of tasks, family-based HIV
testing, implementation of option B+, contact tracing, implementation of

Users Fees and HIV self-testing for partners of pregnant women [34].

Unlike the findings from the 2016 HSS survey in Cameroon, which
identified multiparity as a significant factor associated with higher HIV
prevalence among pregnant women [12], our study did not observe a
significant association between parity and HIV status in the univariate
analysis. This divergence may reflect differences in sample composition,
temporal shifts in reproductive behaviours, or improved access to HIV
prevention services across parity groups in recent years. It also suggests
that the influence of parity on HIV risk may not be consistent across
settings or over time and highlights the imporiance of continuously re-
evaluating epidemiological patterns as service coverage and population

dynamics evolve.

Evidence on HIV infection and its predictors among pregnant women is
key to ensuring an HIV free new generation of children beyond 2030. Most
importantly, LMICs like Cameroon require such epidemiological

surveillance to set-up priority interventions with impact at country-level.

The multivariable analysis identified several sociodemographic and
obstetric characteristics significantly associated with HIV infection among
pregnant women attending antenatal care services in Cameroon. Several
methodological limitations in the HSS and other cross sectional reviewed
studies hinder direct comparability with our findings, particularly in
settings where HIV prevalence is below 5% or even 1%. Most of these
studies applied multivariable logistic regression without adjusting for the

rarity of the outcome, which leads to overestimation of effect sizes due to
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the inflation of odds ratios when the event is uncommon and extremely
skewed [24-26,35,36]. Beyond the overestimation of effect size, the
direction of the association may also be distorted, particularly when the
outcome of interest has a prevalence below 5%, as illustrated in our
supplemental file (Supplementary files 8) presenting the logistic
regression model applied to our study data. This is particularly
problematic in studies in India [30,37,38], in Angola [39], in Brazil [40,41],
in China [42], where HIV prevalence were well raging between 0.24% to
3%, yet odds ratios were used and interpreted as risk estimates.
Additionally, many studies lacked verification of key model assumptions—
such as absence of multicollinearity, assessment of influential points, or
proper variable selection strategies—further limmiting the robustness and
generalizability of their results. In coutrast, our study employed
complementary log-log regression, a method more suited to rare event
imbalanced data, allowing for direct estimation of adjusted prevalence
ratios (aPR) and imiproved interpretability. As such, methodological
disparities—especially the inappropriate use of logistic regression in low-
prevalence contexts—render comparisons with our prevalence ratios
problematic and potentially misleading.

The spatial distribution of HIV among pregnant women shows regional
disparities varying from 2.2% in the Far North to 8.9% in the East and
similarly low prevalence in the country major cities of Yaoundé (1.5%) and
Douala (1.4%) [10]. In other Cameroonians studies, regional variations
from 0.7% in the Far North to 11.8% in the South, as well varying trends
between urban and rural settings [12,33]. These regional and urban

disparities show that prevention activities and priority interventions
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achieved the expected goals more easily in the major cities, likely due to
accessibility to several channels and means of information and
communication. In addition, the educational level and the presence of
community-based organisations in these major cities also contribute to
strengthening HIV prevention, raising awareness and involving pregnant
women and their partners in healthy behavioural factors. Henceforth,
these results suggest strengthening strategies through targeted and
differentiated priority HIV prevention interventions in regions, also
supported by previous the Demographic and Health Survey [10].

The finding that pregnant women under 25 years of age had a higher risk
of HIV infection (aPR = 1.20; 95% CI: 1.07-1.34) is particularly
meaningful, as it suggests a shift in the age profile of HIV vulnerability
among women of reproductive age. While earlier literature in Cameroon
[12,32,33] and at international leve! [39] frequently associated HIV
infection with increasing age, this finding implies that younger women—
possibly engaging in early sexual debut, having limited access to
reproductive health information, or facing power imbalances in
relationships—are now increasingly at risk. These dynamics may reflect
changing patterns in sexual behaviour and partner characteristics among
adolescents and young adults in Cameroon.

The reason behind this increased vulnerability may lie in the interplay of
behavioural and structural factors. Young women may be more susceptible
to coercive or transactional sex, may lack negotiating power for condom
use, or may be partnered with older men who themselves are at higher
risk of HIV exposure. Moreover, age-disparate relationships, which are still

common in several Cameroonian communities, have been repeatedly
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identified as drivers of HIV transmission among adolescent girls and young
women [43]. This divergence may reflect contextual differences in
epidemic maturity and sexual networks. It may also be explained by the
use of different statistical models (e.g., odds ratios vs. prevalence ratios),
or varying access to ANC services by age group. Public health implications
include the necessity to reposition adolescents and young pregnant women
at the centre of HIV prevention strategies. Tailored interventions such as
youth-friendly health services, age-appropriate sexuality education, and
adolescent-specific PrEP access should be scaled up. Community outreach
to delay age of sexual debut and empower young women with decision-
making autonomy are essential for reversing this trend.

Marital status also emerged as a significant factor, with women who were
single (aPR = 0.80; 95% CI: 0.72-0.89) or cohabiting (aPR = 0.89; 95% CI:
0.81-0.98) showing significantly lower HIV prevalence than their married
counterparts. This is meaningful because it challenges common
assumptions that formal marital unions are inherently protective against
HIV. Instead, it suggests that some married women may face greater
exposure to HIV through unfaithful or high-risk partners, compounded by
limited power to negotiate safe sex or access testing services within the
marital framework. The underlying reason for this finding may relate to
the power asymmetrical and gender norms often present in marriage. In
many Cameroonian settings, cultural expectations may discourage women
from questioning their husband's sexual behaviour or insisting on condom
use. These factors, combined with potential delays in health-seeking or
denial of risk, may account for the higher burden in married women.

Although older study conducted in two sub-Saharan African cities (Ndola
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and Kisumu) found that HIV was more prevalent among those who were
currently or previously married than among those who were single [44],
contrastingly, recent studies, including a Cameroonian HSS, found single
women to be at higher risk, often due to multiple partnerships or economic
vulnerability [12,42,45]. This discrepancy underlines the importance of
context in interpreting the relationship between marital status and HIV
risk. Marital institutions do not universally guarantee protection and may,
in some contexts, represent an overlooked risk environment. This insight
has several implications for public health. Interventions must address the
risks within marital relationships by encouraging couple testing, improving
spousal communication, and integrating HIV prevention into family
counselling platforms. Furthermore, the implementation of HIV self-testing
kits and community-based partner notification could improve detection
among partners of pregnant women.

Education level was also significantly associated with HIV status, with
women having only primary (aPR = 0.82; 95% CI: 0.71-0.95) or secondary
education (aPR = 0.86; 95% CI: 0.75-0.98) exhibiting lower HIV
prevalence compared to those with higher (university) education. Although
seemingly paradoxical, this finding is meaningful as it reaffirms that
education, particularly basic literacy and secondary schooling, confers
protection against HIV, likely by increasing awareness, enabling healthier
decision-making, and enhancing access to care. One plausible reason for
the lack of a protective association in women with university-level
education may be related to small sample size for this category or the
influence of socioeconomic and behavioural heterogeneity within that

group. Moreover, tertiary education may be more accessible to urban
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women, who could face wurban-specific risk environments such as
anonymity in partnerships, sexual networking via digital platforms, or
competing priorities delaying ANC engagement. In contrast, many prior
studies have reported a clear gradient of decreasing HIV prevalence
among pregnant women with increasing education [37,45] while the
Cameroonian HSS did not find any association [12]. The absence of a
strong protective effect for higher education in this dataset invites further
research into the qualitative differences in sexual behaviour, relationship
dynamics, and service use patterns among educated women. Note that, in
some studies, none of the sociodemographic variables—such as age,
education, or area of residence—were significantly associated with HIV
infection at the 5% level [39]. From a policy perspective, it remains
essential to promote universal primary and secondary education for girls,
particularly in rural and underserved areas. Complementary strategies
could include school-based HIV prevention programs, sexual health life-
skills curricula, and reinforcement of safe behavioural norms across all
education levels.

First-trimester antenatal care (ANC) attendance was independently
associated with a lower prevalence of HIV infection compared with
attendance in later trimesters. This association should be interpreted
cautiously and is unlikely to reflect a direct protective effect of early ANC
initiation per se. Rather, it most plausibly represents a marker of
favourable health-seeking behaviour. Women who initiate ANC early are
more likely to be proactive in managing their health, to have planned or
wanted pregnancies, and to engage more consistently with preventive

health services, including HIV testing and counselling.
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Early ANC attendance has been widely recognised as a proxy for higher
health literacy, greater autonomy in healthcare decision-making, and
stronger linkage to health systems, particularly in low- and middle-income
countries (LMICs) [46,47]. Women who seek care early may also maintain
lower baseline risk profiles, including safer sexual practices or more stable
partner dynamics, which are not fully captured in routine ANC data.
Consequently, the observed association likely reflects underlying
behavioural and social determinants rather than a causal relationship
between ANC timing and HIV acquisition.

In addition, differential patterns of care-seeking may contribute to this
finding. Women with higher perceived HIV risk or prior exposure may
delay ANC attendance due to fear of diagnosis, stigma, or denial, a
phenomenon documented in several sub-Saharan African settings [48].
Such delayed engagement could lead to an apparent concentration of HIV-
positive diagnoses among women presenting later in pregnancy, without
implying increased bioclogical risk during later trimesters.

From a programmatic perspective, these findings reinforce the importance
of early ANC attendance as a critical entry point for HIV prevention and
linkage to care, rather than as an independent protective factor. Early
ANC provides timely opportunities for HIV testing, partner testing,
counselling, and initiation of prevention interventions, including pre-
exposure prophylaxis (PrEP) for HIV-negative women at substantial risk
[49]. However, given the cross-sectional design of this study, residual
confounding and reverse causality cannot be excluded, and longitudinal
studies are needed to better disentangle behavioural pathways from

programmatic effects.
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Overall, the association between early ANC attendance and lower HIV
prevalence should be interpreted as an indicator of good health-seeking
behaviour and effective engagement with preventive services,
underscoring the need to promote early and equitable access to ANC as
part of comprehensive HIV prevention strategies.

In contrast to our findings, where the history of abortion was not
significantly associated with HIV seropositivity in the multivariable model,
some studies have reported a different pattern. For instance, Omatola et
al., [50] found that while age, marital status, trimester, and educational or
occupational status were not significantly related to HIV prevalence, a
history of abortion or miscarriage, intravenous drug use, and prior sexually
transmitted infections were significantly associated with increased HIV
seropositivity. This discrepancy may reflect differences in study
populations, behavioural risk profiles, or contextual exposures such as
sexual violence, unsafe abortion practices, or access to reproductive health
services. In our study, although not statistically significant, women with no
history of abortion demonstrated a trend toward lower HIV prevalence—
approximately a 50% reduction—compared to those with a history of
multiple abortions. This suggests a potential underlying vulnerability
among women with adverse reproductive histories, which warrants further
investigation through longitudinal studies.

In sum, these findings confirm the heterogeneity of HIV risk among
pregnant women in Cameroon and highlight the need for precision public
health approaches. Age, marital status, education, region, and ANC timing

are not mere background characteristics—they are actionable
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determinants around which differentiated interventions can be structured

to close the remaining gaps toward eMTCT.

Limitation of the study

Despite its large sample size, this study has several limitations that should
be considered when interpreting the findings. First, data were collected
exclusively in health facilities, which limits the generalizability of the
results to all pregnant women in the general population. In addition,
participation was voluntary, which may have introduced selection bias, as
women who were more health-conscious or more confident about their HIV
status may have been more likely to participate. Social desirability bias
may also have affected self-reported variables, such as marital status or
history of abortion. However, this risk was mitigated by having trained
midwives—rather than external study investigators—collect data during
routine antenatal care visits, thereby fostering a climate of confidentiality
and neutrality.

Second, although the proportion of indeterminate HIV test results was
extremely low (0.1%) and unlikely to introduce meaningful bias, their
exclusion from the analyses may theoretically have influenced prevalence
estimates. Nevertheless, all indeterminate cases were managed according
to national re-testing protocols to ensure accurate case classification.
Third, while the study aimed to identify determinants of HIV infection
among pregnant women, the analysis was restricted to sociodemographic
and obstetric variables that are routinely documented in antenatal care
registers. Important clinical, socioeconomic, and behavioural factors—such
as history of sexually transmitted infections, partner characteristics,

condom use, or age at sexual debut—were not available and could not be
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included, potentially resulting in the omission of additional relevant
predictors. Furthermore, although regional differences were accounted for
in the analysis, future studies with greater regional power or mixed-
methods designs are needed to better explore the contextual factors
underlying these geographic variations.

Finally, although a minimum sample size was calculated a priori, the final
number of participants exceeded this estimate because all eligible
pregnant women attending selected high-volume antenatal care facilities
during the study period were enrolled for operational reasons. This
discrepancy between the calculated and achieved sample sizes reflects
programmatic and field implementation constraints rather than a
deliberate statistical decision and should therefore be considered a
methodological limitation. While the larger sample is unlikely to
compromise the internal validity of the analyses, it may affect the strict

interpretability of inferential assumptions and should be taken into

account when interpreting the results.

Conclusion

In this large cross-sectional study of pregnant women attending antenatal
care in Cameroon, HIV seroprevalence was relatively low (2.6%), yet
important sociodemographic and geographic disparities persist. Younger
women, particularly those under 25 years of age, were at higher risk of
HIV infection, highlighting a shift in vulnerability toward younger age
groups. In contrast, women residing outside Yaoundé, those who were
single or cohabiting, and women with primary or secondary education

exhibited a significantly lower prevalence of HIV. Early initiation of
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antenatal care during the first trimester was also associated with reduced
HIV prevalence, likely reflecting favorable health-seeking behaviors.

These findings emphasize that, despite overall progress in reducing HIV
burden among pregnant women, prevention efforts must remain
differentiated and targeted. Tailoring interventions by age, marital status,
educational level, and geographic context is essential to further reduce
maternal HIV infection and to strengthen progress toward the elimination
of mother-to-child transmission of HIV in Cameroon and similar low- and

middle-income settings.
List of abbreviations

ANC: antenatal care

aPR: adjusted Prevalence-ratio

CI: Confidence Interval

CIRCB: Chantal Biya International Reference Centre
cPR: crude Prevalence-Ratio

eMTCT: Elimination or mother-to-child transmission
HIV: Human Immunodeficiency Virus

HSS: HIV Sentinel Surveillance

IQR: Interquartile Range

LMIC: Low-and middle-income countries

NACC: National AIDS Control Committee
PETVISIDAME: Project to eliminate mother-to-child transmission of HIV
PMTCT: Prevention of mother-to-child transmission
STI: Sexual Transmitted Infection

UNICEF: United Nations Children's Fund

WHO: World Health Organization

28



655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

Ethics approval and consent to participate

This study was conducted in accordance with the principles of the
Declaration of Helsinki and national regulations. Ethical approval was
obtained from the National Ethics Committee for Human Health Research
(reference number N°2022/08/1478/CE/CNERSH/SP/2022) and an
Administrative Research Authorization (reference number N° 631-26-
22/2022) was obtained. Written informed consent was obtained from study
participants. Confidentiality was ensured by codes and restricting access
to data.

Informed consent

Informed consent was also from each participant anid Helsinki Declaration
rules were followed. Informed consent was obtained from the legal
guardians of the participants who were iiliterate.

Consent for publication

Not applicable.

Availability of data and materials

All relevant data are within the manuscript and its Supporting Information
files.

Competing interests

The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this paper.

Funding

Not applicable.

Authors' contributions

29



680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

JN, JPYAN, FAN conceptualized the study, designed the methodology,
oversaw data collection, analysed the data, drafted the manuscript,
contributed to interpretation of the results, critically reviewed the
manuscript, and approved the final version for submission.

JF and AK contributed to conceptualize the study, designed the
methodology, drafted the manuscript, contributed to interpretation of the
results, critically reviewed the manuscript, and approved the final version
for submission.

RKD, JDA, MGB, GN, HLS, CDY: contributed to analyse the data, drafted
the manuscript, contributed to interpretation of the results, critically
reviewed the manuscript, and approved the final version for submission.
CNB: contributed to conceptualize the study, designed the methodology
and funding acquisition.

RT, TANP, CTM and FNT contributed to conceptualize the study,
designed the methodology and critically reviewed the manuscript, and
approved the final version for submission.

NYW contributed to design the methodology and critically reviewed the
manuscript, and approved the final version for submission.

ARDN: contributed to conceptualize the study, designed the methodology,
investigation and critically reviewed the manuscript, and approved the
final version for submission.

DOM, MRM, MMD, NI contributed to critically reviewed the manuscript
and approved the final version for submission.

NM: contributed to conceptualize the study, critically reviewed the
manuscript, approved the final version for submission and funding
acquisition

30



706

707

708

709

710

711

712

713

714
715
716
717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

LMO, CM, PT, VC, CFP, GC, NN, DK and GEHE contributed to design
the methodology, drafted the manuscript, contributed to interpretation of
the results, critically reviewed the manuscript, and approved the final
version for submission.

BK and CM: contributed to conceptualize the study, designed the
methodology, drafted the manuscript, contributed to interpretation of the
results, critically reviewed the manuscript, and approved the final version
for submission and funding acquisition.

AN, SCB, CN, JA, and ACZKB: contributed to conceptualize the study,
designed the methodology, drafted the manuscript, contributed to
interpretation of the results, critically reviewed the manuscript, and

approved the final version for submission, study administration.

Acknowledgements

This article was partly supported by PETVISIDAME (2CMR1017) within
the framework of the 2023 PMTCT iforum in Cameroon. We thank all
participants, district, regional and central staff from the Ministry of Public
Health in Cameroon. We would also like to express our gratitude to Dr.
Bacha Abdelkader for his collaboration and commitment in the
implementation of the study. We would also like to thank UNICEF
Cameroon and the Health Project Implementation Unit of the Islamic

Development Bank for providing the necessary and accurate resources.
Additional information

File 1. Ethical Approval french original version (.pdf)

File 2. Ethical approval english version (.docx)

File 3. Research Administrative Autorization french original version (.pdf)
File 4. Research Administrative Autorization english version (.docx)

File 5. Row data. Database HIV Pregnancy Cameroun. (.xlsx)
31



733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

File 6. Data collection sheet (.xIsx)

File 7. Checking bias of Clog-Log regression (.docx)

File 8. Logistic regression model applied to our data (.docx)

References

1.

WHO. HIV - Estimated percentage of pregnant women living with HIV
who received antiretrovirals for preventing mother-to-child
transmission [Internet]. 2024. Available from:
https://www.who.int/data/gho/data/indicators/indicator-
details/GHO/estimated-percentage-of-pregnant-women-living-with-hiv-
who-received-antiretrovirals-for-preventing-mother-to-child-
transmission

UNAIDS. Global AIDS Progress Report. 2017.

WHO. Strategic framework for the elimhination of new HIV infections
among children in Africa by 2015. Africa Regional Office. Brazzaville;
2013.

Ministry of Health (MINSANTE), Division of Operational Research in
Health (DROS). Assessment of the impact of HIV on the population in
Cameroon (CAMPHIA) 2017-2018: Final report. Yaoundé: MINSANTE-
DROS; 2020.

De Cock KM, Fowler MG, Mercier E, De Vincenzi I, Saba J, Hoff E, et
al. Prevention of Mother-to-Child HIV Transmission in Resource-Poor
Countries: Translating Research Into Policy and Practice. JAMA. 2000
Mar 1;283(9):1175.

WHO. Antiretroviral drugs for treating pregnant women and
preventing HIV infection in infants. Recommendations for a public
health approach. WHO Press; 2010.

32



759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

775

776

777

778

779

780

781

782

783

784

10.

11.

12.

Ciaranello AL, Perez F, Keatinge ], Park JE, Engelsmann B, Maruva M,
et al. What Will It Take to Eliminate Pediatric HIV? Reaching WHO
Target Rates of Mother-to-Child HIV Transmission in Zimbabwe: A
Model-Based Analysis. Binagwaho A, editor. PLoS Med. 2012 Jan
10;9(1):e1001156.

Takah NF, Kennedy ITR, Johnman C. The impact of approaches in
improving male partner involvement in the prevention of mother-to-
child transmission of HIV on the uptake of maternal antiretroviral
therapy among HIV-seropositive pregnant women in sub-Saharan
Africa: a systematic review and meta-analysis. BMJ] Open. 2017
Nov;7(11):e018207.

National Institute of Statistics (INS), ICF International. Cameroon
Demographic and Health Survey and Multiple Indicators 2011.
Yaoundé, Cameroon: Carverten, Maryland, USA: INS and ICF
International; 2011.

INS, MoH and ICF. Cameroon Demographic and Health Survey 2018.
Yaounde, Cameroon and Rockville, Maryland, USA; 2020.

NACC. 2019 annual report on activities to combat HIV, AIDS and STIs
[Internet]. Yaounde; 2019. Available from:
https://drive.google.com/file/d/1bhrNghpxvaFnU5cLucY Owk9zZZlolhZ
[view

Anoubissi JDD, Gabriel EL, Kengne Nde C, Fokam ], Tseuko DG,
Messeh A, et al. Factors associated with risk of HIV-infection among
pregnant women in Cameroon: Evidence from the 2016 national
sentinel surveillance survey of HIV and syphilis. Ciccozzi M, editor.

PLOS ONE. 2019 Apr 12;14(4):e0208963.

33



785

786

787

788

789

790

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

13.

14.

15.

16.

17.

18.

19.

20.

21.

Essajee S, Bains A. Getting back on track to ending AIDS in children: it
could just be easier than you think. ] Int AIDS Soc. 2023
Nov;26(11):e26191.

Cohn J, Owiredu MN, Taylor MM, Easterbrook P, Lesi O, Francoise B,
et al. Eliminating mother-to-child transmission of human
immunodeficiency virus, syphilis and hepatitis B in sub-Saharan Africa.
Bull World Health Organ. 2021 Apr 1;99(4):287-95.

Lwanga SK, Lemeshow S. Détermination de la taille d’un échantillon
dans les études sanométriques: manuel pratique. Genéve: OMS; 1991.
Ministere de la Santé Publique-Cellule des Informations Sanitaires.
Populations cibles prioritaires. 2023.

Comité National de Lutte contre le Sida. Base de données des
estimations et projections VIH 2022 - 2025. 2023.

Cohen J. Statistical Power Analysis for the Behavioral Sciences
[Internet]. 0 edn. Routledge; 2013 [cited 2025 Nov 14]. Available from:
https://www.taylorfrancis.com/books/9781134742707

Mursa RA, Paiterson C, McErlean G, Halcomb E. How many is
enough? Justifying sample size in descriptive quantitative research.
Nurse Res. 2025 June 11;33(2):35-40.

Serdar CC, Cihan M, Yucel D, Serdar MA. Sample size, power and
effect size revisited: simplified and practical approaches in pre-
clinical, clinical and laboratory studies. Biochem Medica. 2021 Feb
15;31(1):27-53.

Palinkas LA, Horwitz SM, Green CA, Wisdom JP, Duan N, Hoagwood K.

Purposeful Sampling for Qualitative Data Collection and Analysis in

34



810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

22.

23.

24.

25.

26.

27.

Mixed Method Implementation Research. Adm Policy Ment Health
Ment Health Serv Res. 2015 Sept;42(5):533-44.

Gumuchian H, Marois C. Chapitre 6. Les méthodes d’échantillonnage
et la détermination de la taille de I’échantillon. In: Initiation a la
recherche en géographie: Aménagement, développement territorial,
environnement [Internet]. Presses de 1'Université de Montréal; 2000
[cited 2024 Nov 31]. p. 265-94. Available from:
http://books.openedition.org/pum/14790

Beaud JP. Chapitre 10 L’échantillonnage. In: Recherche sociale: de la
problématique a la collecte des données. 5e ed. Le Delta I, 2875, boul.
Laurier, bur. 450 Québec (Québec) Canada G1V 2M2: Presses de
I’Université du Québec; 2009. p. 251-63.

Alves JSB, Bazan JL, Arellano-Valle RB. Flexible links for binomial
regression models as an alternative for imbalanced medical data. Biom
J. 2023 Mar;65(3):2100325.

Mustafa A. A Gentle Introduction to Complementary Log-Log
Regression |[Internet]. Towards Data Science. 2023 [cited 2025 Feb
25]. Available from: https://towardsdatascience.com/a-gentle-
introduction-to-complementary-log-log-regression-8ac3c5c1cd83/
Penman AD, Johnson WD. Complementary Log-Log Regression for the
Estimation of Covariate-Adjusted Prevalence Ratios in the Analysis of
Data from Cross-Sectional Studies. Biom J. 2009 July;51(3):433-42.
Martinez BAF, Leotti VB, Silva GDSE, Nunes LN, Machado G,
Corbellini LG. Odds Ratio or Prevalence Ratio? An Overview of

Reported Statistical Methods and Appropriateness of Interpretations

35



835

836

837

838

839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

28.

29.

30.

31.

32.

33.

in Cross-sectional Studies with Dichotomous Outcomes in Veterinary
Medicine. Front Vet Sci. 2017 Nov 10;4:193.

O’brien RM. A Caution Regarding Rules of Thumb for Variance
Inflation Factors. Qual Quant. 2007 Sept 11;41(5):673-90.

Hair JF, Black WC, Babin BJ, Anderson RE. Multivariate data analysis.
7. Auflage, Pearson new internat. ed. Harlow: Pearson; 2014. 1 p.
(ProQuest Ebook Central).

Santhakumar A, Mathiyazhakan M, Jaganathasamy N, Ganesh B,
Manikandan N, Padmapriya V, et al. Prevalence and Risk Factors
Associated with HIV Infection among Pregnant Women in Odisha
State, India. Int ] Matern Child Health AIDS IJMA. 2020 Oct
20;9(3):411-20.

Billong SC, Fokam J, Anoubissi JDD, Keiigne Nde C, Toukam Fodjo R,
Ngo Nemb M, et al. The declining trend of HIV-Infection among
pregnant women in Cameroon infers an epidemic decline in the
general population. Heliyon. 2020 June;6(6):e04118.

Billong S, Fokam ], Billong E, Tsague G, Marie-Josée E, Fodjo R, et al.
Distribution épidémiologique de l'infection a VIH chez les femmes
enceintes dans les dix régions du Cameroun et implications
stratégiques pour les programmes de prévention. Pan Afr Med ]
[Internet]. 2015 [cited 2025 July 3];20. Available from:
http://www.panafrican-med-journal.com/content/article/20/79/full/
Dionne-Odom J, Mbah R, Rembert NJ, Tancho S, Halle-Ekane GE, Enah
C, et al. Hepatitis B, HIV, and Syphilis Seroprevalence in Pregnant
Women and Blood Donors in Cameroon. Infect Dis Obstet Gynecol.

2016;2016:1-8.

36



861

862

863

864

865

866

867

868

869

870

871

872

873

874

875

876

877

878

879

880

881

882

883

884

885

886

34.

35.

36.

37.

38.

39.

40.

NACC. NACC Annual Report 2020. Yaoundé-Cameroon: MoH-NACC;
2021.

Barros AJ, Hirakata VN. Alternatives for logistic regression in cross-
sectional studies: an empirical comparison of models that directly
estimate the prevalence ratio. BMC Med Res Methodol. 2003 Oct
20;3(1):21.

Greenland S, Robins JM. Identifiability, exchangeability, and
epidemiological confounding. Int J Epidemiol. 1986 Sept;15(3):413-9.
David J, Pant R, Allam R, Priya VP, Aridoss S, Arumugam E. The
relationship between educational attainment and hiv prevalence
among pregnant women attending antenatal clinics in six states of
India: Sentinel surveillance from 2010 to 2017. Indian J Public Health.
2020;64(5):15.

Elangovan A, K David J, Aridess S, Jaganathasamy N, Mathiyazhakan
M, Ganesh B, et al. An Analysis of Levels and Trends in HIV
Prevalence Among Pregnant Women Attending Antenatal Clinics in
Karnataka, South India, 2003-2019. Int J] Matern Child Health AIDS
I[JMA. 2021 Nov 1;10(2):198-209.

Oliveira D, Martins MDR, Castro R, Cordeiro L, Barroso MR, Nazaré
MA, et al. Seropositivity rate and sociodemographic factors associated
to HIV, HBV, HCV and syphilis among parturients from Irene Neto
Maternity of Lubango city, Angola. Sex Transm Infect. 2020
Dec;96(8):587-9.

Vargas L, Bastos F, Guimaraes A, Amaral S, Fausto T, Arriaga M, et al.
Seroprevalence and factors associated with Human Immunodeficiency

virus, Human T lymphotropic virus and Hepatitis B/C infections in

37



887

888

889

890

891

892

893

894

895

896

897

898

899

900

901

902

903

904

905

906

907

908

909

910

911

912

41.

42.

43.

44.

45.

46.

47.

parturient women of Salvador - Bahia, Brazil. Braz J Infect Dis Off Publ
Braz Soc Infect Dis. 2020;24(4):279-87.

Miranda AE, Pinto VM, McFarland W, Page K. HIV Infection Among
Young Pregnant Women in Brazil: Prevalence and Associated Risk
Factors. AIDS Behav. 2014 Jan;18(S1):50-2.

Zhong S, Ou Y, Zhang F, Lin Z, Huang R, Nong A, et al. Prevalence
trends and risk factors associated with HIV, syphilis, and hepatitis C
virus among pregnant women in Southwest China, 2009-2018. AIDS
Res Ther. 2022 Dec;19(1):31.

Dellar RC, Dlamini S, Karim QA. Adolescent girls and young women:
key populations for HIV epidemic control. J Int AIDS Soc. 2015
Feb;18(25S1):19408.

Glynn JR, Carael M, Auvert B, Kahindo M, Chege J, Musonda R, et al.
Why do young women have a miuch higher prevalence of HIV than
young men? A study in Kisumu, Kenya and Ndola, Zambia: AIDS. 2001
Aug;15:S51-60.

Kapoor A, Mussa A, Diseko M, Mayondi G, Mabuta J, Mmalane M, et
al. Cross-sectional trends in HIV prevalence among pregnant women
in Botswana: an opportunity for PrEP? J Int AIDS Soc. 2022
Mar;25(3):e25892.

World Health Organization, editor. WHO recommendations on
antenatal care for a positive pregnancy experience. Geneva: World
Health Organization; 2016. 152 p.

Benova L, Tuncalp O, Moran AC, Campbell OMR. Not just a number:
examining coverage and content of antenatal care in low-income and

middle-income countries. BM]J Glob Health. 2018 Apr;3(2):e000779.

38



913

914

915

916

917

918

919

920

921

922

923

924

48.

49.

50.

Musheke M, Ntalasha H, Gari S, Mckenzie O, Bond V, Martin-Hilber A,
et al. A systematic review of qualitative findings on factors enabling
and deterring uptake of HIV testing in Sub-Saharan Africa. BMC
Public Health. 2013 Dec;13(1):220.

WHO. Consolidated Guidelines on HIV, Viral Hepatitis and STI
Prevention, Diagnosis, Treatment and Care for Key Populations. 1st
ed. Geneva: World Health Organization; 2022. 1 p.

Omatola CA, Lawal C, Omosayin DO, Okolo M luther O, Adaji DM,
Mofolorunsho CK, et al. Seroprevalence of HBV, HCV, and HIV and
Associated Risk Factors Among Apparently Healthy Pregnant Women

in Anyigba, Nigeria. Viral Immunol. 2019 May;32(4):186-91.

39



