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Abstract

Background

Syphilis and HIV can be transmitted from pregnant women to their children and they remain
a public health problem in Africa. Our study aimed to determine the trends of seroprevalence
of HIV/syphilis co-infection and syphilis infection overtime through the national surveillance
system in Cameroon and to explore associated risk factors.

Methods

We conducted cross-sectional studies of HIV and syphilis, targeting each year 7000 first
antenatal care (ANC-1) attendees at the same sites during the 2009, 2012 and 2017 senti-
nel surveillance surveys. Pregnant women were enrolled at their ANC-1, sociodemographic
and clinical information were collected. HIV and Syphilis test were performed by serial algo-
rithm as per the national guidelines. Trends were assessed for HIV, syphilis and HIV/syphilis
by estimating seroprevalence from cross-sectional studies. Associated risk factors were
explored using multinomial logistic regression with 4 outcomes: HIV/syphilis co-infection,
HIV infection only, syphilis infection only and no infection.

Results

Overall, 6 632, 6 521 and 6 859 pregnant women were enrolled in 2009, 2012 and 2017
respectively. In 2017, a total of 3 901 pregnant women enrolled were tested for syphilis.
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Almost half of them (47.9%) were living in urban area and were aged less than 25 years
(44.7%). While HIV epidemic was on a decline (from 7.6% (95% CI: 6.99-8.28) in 2009 to
5.7% (95% Cl: 4.93-6.4) in 2017), a huge significant increase of syphilis prevalence was
observed (from 0.6% (95% CI:0.40—-0.80) in 2009 to 5.7% (95% CI:4.93-6.40) in 2017).
Pregnant women residing in rural areas were more likely to be infected with syphilis than
those living in the urban area (aOR = 1.8 [95% CI: 1.3-2.4]). Unmarried pregnant women
were three time more likely to be infected by HIV/Syphilis Co-infection than married, cohabit-
ing, widow or divorced pregnant women (aOR = 2.8 [95% CI: 1.3-2.4]). Furthermore; living
in Northern region was associated with a lower risk of being infected with HIV (aOR = 0.6
[95% CI: 0.5-0.9]) and Syphilis infection (aOR = 0.6 [95% CI: 0.4-0.9]).

Conclusion

The epidemiological dynamics of syphilis suggests a growing burden of syphilis infection in
the general population of Cameroon. Our findings support the fact that while emphasizing
strategies to fight HIV, huge efforts should also be made for strategies to prevent and fight
syphilis infection especially among HIV positive women, in rural area, and southern regions.

Introduction

HIV remains a public health problem especially in Sub-Saharan African countries. In 2018,
37.9 (32.7-44.0) million people globally were living with HIV while about 32 (23.6-43.8) mil-
lion people have died from AIDS-related illnesses since the start of the epidemic [1]. About
540 000 [470 000-590 000] of them were living in Cameroon with AIDS-related deaths of 18
000 [15 000-21 000] people in the same year [2].

In Cameroon, the recent Population-based HIV Impact Assessment (CAMPHIA) con-
ducted in 2017 reported an HIV prevalence of 3.7% in the population aged 15-64 years [3].
This prevalence varied by region, ranging from 6.3 percent in the South region to 1.5 percent
in the Far North region, and by gender: females been twice more infected than males (5% and
2.3% respectively) [3].

The introduction and continuous availability of highly effective antiretroviral therapy
(ART) have significantly reduced the mortality among people living with HIV/AIDS (PLHIV)
worldwide and have transformed AIDS from an inevitably fatal condition to a chronic and
manageable disease in some settings [4].

Sexual Transmitted Infections (STIs) such as HIV and Syphilis remain a public health prob-
lem in Africa and worldwide [9]. Many sub-populations like blood donors, armed forces, Men
who have Sex with Men (MSM) are affected by these diseases [5-10]. HIV and Syphilis are two
of common pathogens to which many pregnant women in Sub-Saharan African Countries are
exposed or infected [5-11]. They can be transmitted vertically during pregnancy to their chil-
dren. Pregnant women diagnosed with early stages of syphilis are most at risk to transmit
syphilis to their infants, 60% to 90% of pregnant women with untreated primary or secondary
syphilis will transmit syphilis to their fetus as compared to less than 10% of women with late
latent syphilis [12]. Access to screening during pregnancy has improved over the past decade
in Sub-Saharan African Countries generally and in Cameroon particularly as HIV prevention
programs have been scaled up. The Screening of such infections during antenatal care visit is
important since many of these infections are asymptomatic [9].
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Moreover, syphilis is an important risk factor in HIV transmission. Syphilis has been impli-
cated in susceptibility to Human Immunodeficiency Virus (HIV) infection with an odds ratio
of 8.5 for men and 3.3 for women [13]. If the infection remains undiagnosed, complications of
late stage syphilis will develop in a portion of affected individuals [11].

Syphilis and HIV continue to be significant problems in Cameroon. Hence, identifying the risk
factors and analyzing the trends would serve as a footprint to set-up evidence based interventions
to reduce the burden of HIV and Syphilis among pregnant women and would benefit global efforts
to eliminate both diseases in infants [14-16]. We therefore sought to describe the prevalence trends
of syphilis infection and HIV/Syphilis co-infection among pregnant women using sentinel surveil-
lance surveys data over a nine-year period and to investigate the associated risk factors.

Methods
Description of the surveys, study design and participants

To determine trends of syphilis prevalence over nine-year period, data from consecutive ANC
cross sectional analytic surveys conducted in 2009, 2012 and 2017 were examined. As recom-
mended by WHO for HIV sentinel surveillance survey [17], from each year, a cross sectional
analytic study was conducted in 20 sentinels survey sites across the 10 Regions of Cameroon,
which included 60 HIV surveillance health facilities (routine collection points). A sentinel site
is a specific geographic area in the region. In the sentinel site, HIV surveillance health facilities
(clinic and or hospital) were the data collection points. Each sentinel site had 3 data collection
points. We have implemented a non-probabilistic approach which consisted of a systematic
sampling method with two stages: (1) Selection of sentinel sites and surveillance health facili-
ties (routine collection points), (2) Selection of pregnant women in each study sentinel site.
The health facilities were chosen based on their capacity to provide both ANC and PMTCT
services, their location (urban and rural settings in each region of the country), ANC atten-
dance (capacity to enroll at least 300 pregnant ANCI1 attendees during the study period of
three months). At each site, pregnant women aged 15-49 years attending their first ANC were
enrolled consecutively until the sample size was reached. The sample size for each region was
determined as recommended by WHO guidelines [17] taking into considerations the observed
prevalence of HIV and a desired precision of 95%. The minimum number of pregnant women
at first ANC required to estimate the prevalence of HIV infection in that population with pre-
cision i = 0.03 and for a fixed risk o = 0.05 (Z,,, = 1.96) is given by the following formula:

ZZ

n=—"P(1—P)

i2

where P = = observed prevalence
i = precision of the estimation
Z4/» = Quantile for a risk o = 0,05

HIV and syphilis testing procedure

HIV testing. Plasma samples and sociodemographic data were collected as per the routine
clinical practice per site. During the study period, HIV screening was proposed to every ANC-1
attendee according to the serial algorithm recommended by the Ministry of Public Health in
Cameroon [18]. After onsite HIV testing, residual plasmas were transferred into cryotubes
labelled with a specific ID code of the participant, and stored at 0°-8°C. Plasma and accompanying
sample sheet were then linked by the ID code. Labeled samples were shipped at the National Ref-
erence Laboratory (NRL) following universal standards for transport of plasma specimens [19].
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A serial algorithm for HIV screening was used in all PMTCT-site laboratories and at the
NRL, following the national algorithm for voluntary HIV testing (Fig 1A). Briefly, a sample
was assayed by the first test Determine HIV1/2 (Abbott, Minato-ku-Tokyo, Japan); non-reac-
tive samples were reported as negative while in case of reactivity to test-1, a second test was
then used for confirmatory analysis (Oraquick). Onsite, indeterminate HIV results were
reported as indeterminate, while specimens with indeterminate/discordant HIV results at the
NRL were tested with ELISA (ImmunoComb II HIV 1&2 BiSpot), used as tiebreaker. Residual
plasma was stored at -70°C at the NRL for quality control or further testing if necessary.

Syphilis testing. Syphilis testing was performed in all PMTCT-site laboratories using the
Treponema Palladium Hemagglutination assay (TPHA) / Veneral Diseases Research Labora-
tory (VDRL) as per the manufacturer’s instructions and WHO recommendations (Fig 1B) [20].

Data collection

Socio-demographic and clinical characteristics were collected from consenting pregnant ANC1
attendees by a nurse without altering the normal functional routine of the health facility. After
completing the questionnaire, participants were sent to the laboratory where plasma was col-
lected for HIV and syphilis screening tests according to the routine procedure at the site. There
were three focal persons per sentinel site, consisting of the director of the health facility, an
Antenatal Care (ANC) staff, and a laboratory technician. All received four-day training on the
protocol, laboratory techniques related to the surveillance, standard operating procedures of
data collection and blood sample collection. For all consecutive surveys, data were collected
using a surveillance questionnaire for all eligible and consenting pregnant women and socio-
demographic information were collected by trained ANC-PMTCT staff. The questionnaires
were maintained at the sentinel sites and transported to the research unit of the National AIDS
Control Committee (NACC) and the plasma samples were sent to the NRL for analyses.

Data management and statistical analysis

Data was entered in a computer using the CSPRO version 6.2.0 (U.S Census Bureau, ICF Inter-
national, and Serpro S.A., Washington, DC 20233-8860, USA). The analyses were performed
using STATA/SE version 13.0 (STATACORP, Texas, USA). Pregnant women with
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Fig 1. a. Algorithm for HIV rapid testing during a voluntary and free counseling. b. Algorithm for syphilis rapid testing during a
voluntary and free counseling.

https://doi.org/10.1371/journal.pone.0241999.9001
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inconclusive test results were not considered in the analysis. Those who could not benefit from
syphilis testing due to stock out were also excluded from the analysis. Continuous variables
were reported by median with Interquartile interval range (25th and 75th percentiles) and by
mean and standard deviation, while categorical variables were described as frequencies and
percentages. The overall prevalence of HIV/syphilis co-infection, Syphilis infection and HIV
infection among pregnant women was estimated with an exact binomial confidence intervals
(CI) at 95%. Only data from the 2017 (a subset where women were tested for both HIV in the
NRL and Syphilis in PMTCT sites) were used to assessed factors associated with HIV/syphilis
co-infection. The main outcome (dependent variable) of our analysis was HIV/syphilis co-
infection variable which has 4 categories: category 1 = HIV/syphilis co-infection; category

2 = HIV infection only; category 3 = syphilis infection only; category 4 = no infection. A multi-
variate multinomial logistic regression was used to investigate the factors associated with HIV/
syphilis co-infection among pregnant ANC-1 attendees.

Factors that were associated with HIV/syphilis co-infection in the univariate analysis at
0.25 significance level were considered when developing the final multivariate model. To iden-
tify potential risk factors, a multivariate analysis using a backward stepwise elimination
method was used. All variables that were significant at 5% in multivariate analysis were kept
into the final model. The risk factors for syphilis infection were determined using co-variates
fitted in the multi-variable logistic regression analysis: age, HIV infection, marital status, edu-
cation level, occupation, residence, and parity. A likelihood ratio test was used to check for
interactions and in determining the best multi-variable model for the data.

Ethical considerations

Ethical clearance for the surveys was obtained from the Cameroon National Ethics Commit-
tee (ref N°2017/03/879/CECNERSH/SP). The privacy of consenting pregnant women and
data confidentiality were ensured by the use of ID codes. All participants had signed
informed consent without any incentive. HIV tests were offered for free and all women
tested positive were placed on ART according to the national guidelines. Confidentiality
and privacy of the study subjects was ensured by permanently delinking personal identifiers
with subject information.

Results
Description of population in 2009, 2012 and 2017 in Cameroon

Over the 7000 pregnant women targeted, the participation rate was higher in 2017 (2017:
98.0%) and was above 90% in the two other surveys (2009: 94.7%, 2012: 93.2%) (Table 1).
Opverall, the pregnant women enrolled across the threee surveys were relatively young. In fact,
53% of them were aged between 15-24 years in 2009, almost half (49.3% were aged between
15-24 years) in 2012 and 42.7% were aged between 15-24 years in 2017 (Table 1).The median
of age sligthly increase overtime going from 24 years (IQR [20-28]) in 2009 to 26 years [21-
30] in 2017.

Morever half or more of the women enrolled were housewive (57% in 2009; 49.7% in 2012
and 49.4% in 2017) and the majority of them were married or cohabiting (80.3% in 2009 and
77.4% in 2017). Unfortunatly this variable was missed in the 2012 survey. In addition, the pro-
portion of pregnant women who reached university sligthly increased over the year (6% in
2009; 8.3% in 2012 and 13.5% in 2017) and more than half of them were living in urban area in
all the three surveys (60% in 2009; 57.3% in 2012 and 57.3% in 2017) (Table 1).
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Table 1. Demographics characteristics among pregnant women aged beyond 15 years old, national sentinel surveillance survey of HIV and syphilis in 2009
(n =6632),2012 (n = 6521) and 2017 (n = 6859).

Variable

Age (Median [IQR])
Age
15-19
20-24
25-29
30-34
35-49
Level of education
None
Primary
Secondary
University
Occupation
Housewife
Student
Employees
Other
Marital status
Single
Married / Cohabiting
Widow/ Divorced
Area of residence
Urban
Rural

Number
24 [20-28]

1525
1990
1592
928
597

1260
2122
2852
398

3774
889
1486
484

1240
5326
67

3979
2653

https://doi.org/10.1371/journal.pone.0241999.t001

2009 (n = 6632) 2012 (6521) 2017 (n = 6859)
Percentage Number Percentage Number Percentage
25 [21-29] 26 [21-30]

23.0 1193 18.3 1033 15.1
30.0 2024 31.0 1896 27.6
24.0 1676 25.7 1886 27.5
14.0 1041 16.0 1282 18.7
9.0 587 9.0 762 11.1
19.0 1071 16.4 949 13.8
32.0 2319 35.6 1712 24.9
43.0 2592 39.8 3275 47.8
6.0 539 8.3 923 13.5
56.9 3241 49.7 3385 49.4
13.4 926 14.2 1168 17
224 2152 33.0 1604 234
7.3 202 3.1 702 10.2
18.7 NA NA 1504 21.9
80.3 NA NA 5305 77.4
1.0 NA NA 50 0.7
60 2787 57.3 3932 57.3
40 3734 42.7 2927 42.7

Evolution of Syphilis HIV and co-infection among pregnant women from
2009 to 2017

The overall prevalence of syphilis increased hugely going from 0.6% (95% CI:0.40-0.80) in
2009 to 5.6% (95% CI:4.93-6.40) in 2017 (Fig 2). This increasing trend was also observed for
the coinfection HIV/syphilis ranging from 0.05% (95% CI:0.01-0.13) in 2009 to 0.49% (95%
CI:0.29-0.76) in 2017. This prevalence is five times higher in 2012 than in 2009 (2.93% vs.
0.6%, p <0.001) and almost nine times higher in 2017 than in 2009 (5.6% vs 0.6%, p<0.001).
However, we found a significant decrease in the prevalence of HIV infection from 7.6% (95%
CI: 6.99-8.28) in 2009 to 5.7% (95% CI: 4.93-6.4) in 2017.

Description of population and distribution of syphilis and HIV/syphilis co-
infection in 2017 in Cameroon

In 2017, a total of 3901 pregnant women (56.9% of the total pregnant women enrolled) were
tested for syphilis. Almost half of them (47.9%) were living in urban area and were aged less
than 25 years (44.7%). About three fifth (62.9%) attended at least the secondary education
level. About three fourth (75.1%) were married or cohabiting, and over two fifths (43.4%) were
housewife and 23.9% were nulliparous (Table 2).
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Fig 2. Evolution of seroprevalence of HIV/syphilis co-infection, HIV and syphilis from 2009 to 2017 in
Cameroon.

https://doi.org/10.1371/journal.pone.0241999.9002

Among the pregnant women who were tested for syphilis, a total of 222 HIV tests results
were positive for HIV giving a sero-prevalence of 5.8% of HIV infection, and 24% of them
were aged less than 25 years old (Table 2).

According to HIV status, prevalence of syphilis was higher among HIV positive pregnant
women than HIV negative (8.6% vs 5.3%, p = 0.049), with a borderline significance (Table 3).
Moreover, the prevalence of syphilis was higher in rural area than in urban area (7.2% vs 4.2%,
p < 0.0001) and in Southern Regions (Centre, East, Littoral, North West, West and South)
than Northern (Adamawa, North and Far North) one (6.2 vs 4.0, p = 0.005), there was no sig-
nificant difference among HIV + population (8.5% vs 8.7%, p = 1; 8.5 vs 8.7, p = 0.611) accord-
ing to residence and regions respectively.

Among pregnant HIV positive women, we found that prevalence of syphilis was higher
among nulliparous women than non-nulliparous women (20.8% vs 7.1%, p = 0.039).

Factor associated with Syphilis and HIV/syphilis co-infection in 2017 in
Cameroon

The multivariate multinomial logistic regression revealed that residence localization was asso-
ciated with syphilis infection. After adjusting for the effects of other variables, pregnant
women residing in rural areas were more likely to be infected with syphilis than those living in
the urban area (aOR = 1.8 [95% CI: 1.3-2.4]) (Table 4). We also found that age and type of
union were associated with HIV/syphilis co-infection. In fact, single or unmarried pregnant
women were three times more likely to be co-infected by HIV and syphilis than married,
cohabiting, widow or divorced pregnant women (aOR = 2.9 [95% CI: 1.0-8.2]). Pregnant
women aged 25-49 years were strongly more likely to be co-infected (aOR = 15.1 [95% CI:
3.0-75.7]) by HIV and syphilis than those aged 15-24 years. Furthermore, region; type of
union, nulliparous and age were associated to HIV infection. Living in Northern Region (Ada-
mawa, North and Far North) was associated with a lower risk of being infected with HIV
(aOR = 0.6 [95% CI: 0.5-0.9]) and syphilis infection (aOR = 0.6 [95% CI: 0.4-0.9]) than living
in Southern Regions (Centre, East, Littoral, North West, West and South), but being single or
unmarried was associated with a higher risk of HIV infection (aOR = 1.5 [95% CI: 1.1-2.1])
than being in couple (married or not), divorced or widow. In the same way, having 25-49
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Table 2. Demographics characteristics among pregnant women aged beyond 15 years old who were tested for HIV and syphilis, national sentinel surveillance survey
of HIV and syphilis 2017.

Characteristic Overall Population (N = 3901) Among HIV+ Population (N = 222)
Number Percentage Number Percentage
HIV Status
HIV positive 222 5.8 NA NA
HIV negative 3,574 94.2 NA NA
Total 3796 100.0 NA NA
Residence
Urban 2,031 52.1 118 53.2
Rural 1,870 47.9 104 46.8
Total 3901 100.0 222 100.0
Region
Adamawa 477 12.2 15 6.8
Centre 559 14.3 49 22.1
East 560 14.4 46 20.7
Far North 365 9.4 8 3.6
Littoral 76 2.0 4 1.8
North 116 3.0 0 0.0
North West 211 5.4 11 5.0
West 240 6.2 6 2.7
South 614 15.7 28 12.6
South West 683 17.5 55 24.8
Total 3901 100.0 222 100.0
Type of union
Single 939 24.6 64 29.5
Married/Cohabiting 2,862 75.1 151 69.6
Widow/Divorced 12 0.3 2 0.9
Total 3813 100.0 217 100.0
Education
None 452 11.7 18 8.2
Primary 981 25.4 71 32.4
Secondary 1,929 49.9 25 11.4
Higher 504 13.0 105 48.0
Total 3866 100.0 219 100.0
Primiparous
Yes 931 23.9 24 10.8
No 2,956 76.1 198 89.2
Total 3887 100.0 222 100.0
Number of pregnancies
0 931 23.9 24 10.9
2to3 1,496 38.5 78 35.1
4to5 888 22.9 78 35.1
>5 572 14.7 42 18.9
Total 3887 100.0 222 100.0
Age (in years)
<25 1,734 44.7 53 24.0
15-19 665 17.1 7 3.2
20-24 1,069 27.6 46 20.8
(Continued)
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Table 2. (Continued)

Characteristic

> 25
25-29
30-34
35-49
Total

Occupation
Housewife
Student

Formal employee (Civil servant)

Informal employee/entrepreneurship

Unemployed
Others
Total

NA: Not Applicable

https://doi.org/10.1371/journal.pone.0241999.t002

Overall Population (N = 3901) Among HIV+ Population (N = 222)

Number Percentage Number Percentage
2,144 55.3 168 76.0
1,011 26.1 63 28.5

721 18.6 59 26.7
412 10.6 46 20.8
3878 100.0 221 100.0
1,655 434 91 423
727 19.0 19 8.8
308 8.1 17 7.9
889 23.3 72 33.5
163 4.3 4 1.9
74 1.9 12 5.6
3816 100.0 215 100.0

years old or being multiparous were associated with a higher risk of HIV infection (aOR = 2.7
[95% CI: 1.7-4.3]; aOR = 2.0 [95% CI: 1.4-2.6] respectively).

Discussion

The aim of our study was to describe the prevalence trends of syphilis and HIV/syphilis co-
infection among pregnant women using sentinel surveillance surveys over a nine-year period
and investigate the risk factors associated to HIV co-infection.

To date, maternal syphilis seroprevalence maybe increasing in Cameroon. From 2009 to
2017, the prevalence of syphilis among pregnant women attending ANC in Cameroon
increased significantly from 0.6% (95% CI:0.40-0.80) in 2009 to 5.6% (95% CI:4.93-6.40). HIV
and syphilis co-infection is also increasing, due to the re-emergence of syphilis among ANC-1
attendees in Cameroon. The prevalence of HIV/syphilis co-infection significatively increased
also from 0.05% (95% CI:0.01-0.13) in 2009 to 0.49% (95% CI:0.29-0.76) in 2017. Although
the prevalence of HIV/syphilis co-infection is still low (<1%), it was ten times higher in 2017
than in 2009 (0.49% vs 0.05%, p<0.001). In Sub-Saharan African countries, the prevalence of
syphilis among pregnant women was estimated to range from 0.6% in Senegal to 14.0% in
Equatorial Guinea [21-24]. In 2017, the prevalence of syphilis found among pregnant women
attending antenatal clinics in Cameroon was among the middle’s ones in Sub-Saharan African
countries (5.6%). The prevalence of syphilis among pregnant women in Cameroon was higher
in rural than in urban areas. The same result was found in Tanzania where syphilis prevalence
was highest among pregnant women from remote rural residents (16.0%) compared to urban
residents (7.0%) [25]. In contrast, a study conducted in Zambia found the opposite and estab-
lished that syphilis prevalence was highest among pregnant women residing in urban resi-
dence (9.2%) as compared to those residing in rural (7.8%) [27].

Moreover, the prevalence of syphilis was higher among HIV positive pregnant women than
HIV negative (8.6% vs 5.3%). Similar result has also been found in Rwanda in 2011, where
syphilis prevalence was highest among HIV-positive pregnant women (10.8%) compared to
HIV negative pregnant women (1.8%) [9]. This could due to the fact that pregnant women
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Table 3. Prevalence of Syphilis among pregnant women aged beyond 15 years old who were tested for HIV and syphilis by selected demographic characteristics,
national sentinel surveillance survey of HIV and syphilis 2017.

Characteristic Overall Population (N = 3901) Among HIV+ Population (N = 222)
Syphilis + Syphilis - Total p-value’ | Syphilis + Syphilis - Total p-value”
n % n % |n % n % n % | n %
HIV Status® 0.049 NA
HIV positive 19| 8.6 203 | 914 222 | 100.0 NA NA NA NA| NA NA
HIV negative 191 53| 3,383| 947 | 3574 100.0 NA NA NA NA| NA NA
Residence <0.0001 1
Urban 85| 42| 1,946| 958 2031| 100.0 10 8.5 108 | 915, 118 100.0
Rural 135 7.2 1,735 | 92.8 1870 100.0 9 8.7 95| 914 104 | 100.0
Region Group 0.005 0.611
Northern 38| 4.0 920 | 96.0 958 | 100.0 2 8.7 21| 913 23| 100.0
Southern 182 62| 2,761 | 93.8| 2943 100.0 17 8.5 182 915, 199 100.0
Type of union 0.372 0.178
Single 59 6.3 880 | 93.7 939 | 100.0 8| 125 56| 87.5 64 | 100.0
Married/Cohabiting/ Widow/Divorced 158 | 55| 2,716 | 94.5| 2874| 100.0 10 6.5 143 | 93.5| 153 | 100.0
Education 0.019 0.112
None 22| 49 430 | 95.1 452 | 100.0 3 16.7 15| 83.3 18| 100.0
Primary 74| 7.5 907 | 925 981 | 100.0 4 5.6 67 | 944 71| 100.0
Secondary 101 5.2 1,828 | 94.8 1929 100.0 6 5.7 99| 943 105 100.0
Higher 20 4.0 484 | 96.0 504 100.0 4 16.0 21 84.0 25 100.0
Primiparous 0.172 0.039
Yes 59| 6.3 872 | 93.7 931 | 100.0 5| 208 19| 79.2 24| 100.0
No 161 | 5.5 2795 | 94.6| 2956 | 100.0 14 7.1 184 | 929 198 100.0
Number of pregnancies 0.128 0.005
0 59 63| 8720 937 931 100.0 5 263 19 9.4 24| 100.0
2to03 71 48| 1,425| 953| 1555| 100.0 1 53 77 | 37.9 78 | 100.0
4t05 49| 55 839 | 94.5 888 | 100.0 8| 421 70 | 345 78 | 100.0
>5 41| 7.2 531 92.8 572 | 100.0 5 263 37| 182 42| 100.0
Age (in years) 0.199 0.258
15-24 104| 6.0| 1,630 94.0 1734| 100.0 2 38| 51.0| 96.2 53| 100.0
25-49 114| 53| 2,030 947, 2144| 100.0 17 10.1 151 89.9 168 100.0
Occupation 0.297 0.982
Housewife 83| 5.0 1572 | 95.0| 1655| 100.0 8 8.8 83| 91.2 91| 100.0
Student 44| 6.1 683 | 94.0 727 | 100.0 2| 10.5 17| 89.5 19| 100.0
Formal employee (Civil servant) 13| 4.2 295 | 95.8 308 | 100.0 1 5.9 16| 94.1 17| 100.0
Informal employee/entrepreneurship 59| 6.6 830 934 889 | 100.0 6 8.3 66| 91.7 72| 100.0
Unemployed & Others 16| 6.8 221 933 237 | 100.0 0 6.3 15| 93.8 15| 100.0

#: Fisher’s Exact Test

"Not Applicable (NA) in the HIV-syphilis co-infection cross table.

https:/doi.org/10.1371/journal.pone.0241999.t003

living with HIV may have a weaker immune system than other pregnant women. Preventives
strategies should prioritize this group of the population.
In contrast of syphilis trend, our study found a significantly decrease of HIV infection
among pregnant women from a prevalence of 7.6% (95% CI: 6.99-8.28) in 2009 to 5.7% (95%
CI: 4.93-6.4) in 2017. We observe the same trend by triangulate with DHIS data collected rou-
tinely among pregnant women in the country. This trend may be the result of several strategies
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Table 4. Risk factors associated to HIV/syphilis co-infection among pregnant women aged beyond 15 years old who were tested for HIV and syphilis, national senti-
nel surveillance survey of HIV and syphilis 2017.

Characteristics Univariate Analysis Multivariate Analysis
HIV/syphilis Co- HIV infection vs | Syphilis infection vs HIV/syphilis Co- HIV infection vs | Syphilis infection vs
infection vs No No infection No infection infection vs No No infection No infection
infection infection
OR [95% IC] OR [95% IC] OR [95% IC] aOR [95% IC] aOR [95% IC] aOR [95% IC]

Residence

Urban Ref Ref Ref* Ref Ref Ref

Rural 1[0.4-2.5] 0.8 [0.7-1.1] 1.9 [1.4-2.5] 1.1[0.4-2.8] 0.9 [0.7-1.1] 1.8[1.3-2.4]"
Region Group
Northern 0.3[0.1-1.4] 0.6 [0.4-0.8 ] 0.6 [0.4-0.9 ] 0.5[0.1-2.1] 0.6 [0.5-0.9 ] * 0.6 [0.4-0.9]"
Southern Ref Ref Ref* Ref Ref Ref
Type of union

Single 2.5[1-6.4] 1.1[0.8-1.4] 1.1[0.8-1.5] 29(1-82]* 1.5[1.1-2.1]" 1[0.7-1.5]

Married/Cohabiting/ Ref Ref Ref* Ref Ref Ref
Widow/Divorced
Education

None Ref Ref Ref*

Primary 0.7 [0.1-3] 2.1[1.3-3.3] 1.8 [1.1-3.1]

Secondary 0.5[0.1-1.9] 1.4 [0.9-2.3] 1.2[0.7-2]

Higher 1.2[0.3-5.4] 1.1[0.6-2] 0.8[0.4-1.5]
Primiparous

Yes Ref Ref Ref* Ref Ref Ref

No 0.9 [0.3-2.6 ] 3[2.1-4.5] 0.9[0.6-1.2] 0.4[0.1-1.2] 2.7 [1.7-43 1% 1[0.7-14]
Number of pregnancies

0 Ref Ref Ref*

2to3 0.1[0-1.1] 2.6 [1.7-4] 0.8[0.6-1.2]

4to5 1.8 [0.6-5.5] 3.8[2.5-5.8] 0.9 [0.6-1.3]

>5 1.7[0.5-6 ] 3.1[1.9-49] 1.2[0.7-1.8]
Age (in years)

15-24 Ref Ref Ref* Ref Ref Ref*

25-49 7.2[1.7-31.2] 2.4[1.9-3.2] 0.8 [0.6-1.1] 15.1 [3-75.7 |* 2[1.4-26]" 0.8[0.6-1.2]
Occupation

Housewife Ref Ref Ref*

Student 0.6 [0.1-2.6 ] 0.4[0.3-0.6 ] 1.3[0.8-1.8]

Formal employee (Civil 0.7 [0.1-5.4] 1.2 [0.7-1.8] 0.9[0.5-1.6]
servant)

Informal employee/ 1.5[0.5-4.3 ] 1.6 [1.2-2.2] 14[1-2]
entrepreneurship

Unemployed & Others 0.9[0.1-7.4] 1.3[0.8-2.1] 1.5[0.8-2.6]

* attempted a borderline.
Ref: reference category
#: Global p-value < 0.25
*: Global p-value < 0.05
¥: P-value < 0.05

https:/doi.org/10.1371/journal.pone.0241999.t004

implemented by the country to strengthen the prevention of HIV particularly among pregnant
women [28-30].
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Living in a rural area was a risk factor for syphilis infection. This can be explaining by the
fact that some pregnant women do not attend ANC services early and some of the rural area
facilities may not have syphilis test permanently for screening pregnant women. Furthermore,
in this area people may not use condom frequently and may not aware of its importance. As
recommended in the WHO guide, syphilis (new or old infection) is cure in first intention with
benzathine penicillin [20]. Thus the global stockout of benzathine penicillin in 2016 could
have play a role in the sero-prevalence rate and the spread of syphilis, particularly in rural
areas [30]. We also found that living in Northern regions (Adamawa, North and Far North)
was associated with a lower risk for both syphilis infection as well as HIV infection. Southern
regions have the most affected regions which include South, East, Centre and North-West. It is
worthy to note that Northern regions are more muslim and southern ones are more Christian.
These regions should therefore be considered for priority interventions to curb this high HIV
and syphilis burden.

As found in other studies [9, 27], being single and being aged beyond 25 years old were
associated with a higher risk of HIV/syphilis co-infection and HIV infection. Possible reasons
that may explain these results include that single women may have several sexual partners
before moving in a stable relationship and due to their economic vulnerability, they are more
involved in transactional sex which increases their exposure to HIV and syphilis as a result
[31-33]. Women aged beyond 25 years old and multiparous were more likely to be exposed to
HIV and syphilis longer than younger, since they were sexually active.

The strength of our study is the representative sample size which covered the whole Regions
of the country and offers the possibility to generalize our results [27].

This study has some limitations. Several sexual risk factors were not collected in these sur-
veys and therefore more data are needed on sexual behaviors and sexual partners experience.
Data were pooled across all sites for analysis, and therefore site-level variation was not
accounted for in our analysis. This may have impacted our trends assessment but we believe
that these limitations did not significantly affect the final interpretation of the overall trend of
our study findings. The funding allocated to the project was not enough to provide syphilis
tests at the study sites, neither at the NRL. Then syphilis test was done in sentinel sites which
had the test for their routine ANC services during study period. Therefore, all pregnant
women enrolled in our surveys were not tested for syphilis due to stock out at the level of some
sentinel sites. This might have slightly affected the power of our analyses by reducing the sam-
ple size of analyses, and some participants who might be positive for syphilis infection were
not included in this analysis. In addition, information on ART for the women who were tested
positive to HIV were not collected. This could be used to improve future Sentinel Surveillance
Surveys and the WHO protocol on this aspect in the area of Test and Treat. Moreover, the
titres were measured for VDRL for the majority of the sentinel sites to determine if it was a
current infection or an old or scarring infection, but this information was not collected during
the survey. This could have helped to further refine our factor analysis of the re-emergence of
syphilis cases in the country.

Conclusion

Antenatal care provides an excellent opportunity to screen women for infections which are
common and treatable and can be transmitted vertically. HIV and syphilis infections remain
common in pregnant women. Sentinel surveillance surveys provide a good opportunity to col-
lect data which could provide useful information for decision making, especially in the era of
dual elimination (HIV and syphilis). The data of these surveys show that syphilis is becoming a
major public health problem in Cameroon. The trends of syphilis among pregnant women

PLOS ONE | https://doi.org/10.1371/journal.pone.0241999 November 13, 2020 12/15


https://doi.org/10.1371/journal.pone.0241999

PLOS ONE

Re-emergence of Syphilis infection and associated risk factors among pregnant women in Cameroon

confirms a growing burden of syphilis in the general population of Cameroon, and the need to
reinforce surveillance and prevention strategies to fight STTs. To control syphilis infection, we
need to involve keys actors like clinicians, because they must educate patients, counsel them in
sexual risk reduction, and routinely screen those at increased risk. Finally, there is a need of a
huge emphasizing of systematic screening of STIs particularly among people living with HIV.
Strategies such as political advocacy of systematic counseling and testing of syphilis at ANC
and treatment could be valuable. These strategies may target adult pregnant women, who are
HIV-positive, single living in rural area priority in Southern Cameroon (South, East, Centre
and North-West regions).

Supporting information

S1 Material.
(DTA)

Acknowledgments

We are grateful to pregnant women who provided consent to participate in this survey. We
also thank the personnel of the PMTCT services and of the laboratories of all the participating
health facilities. We thank all staff of National Aids Control Committee of Cameroon involved
in training and data collection. We also thank the Ministry of Public Health for providing sup-
port for the implementation of the study throughout the country.

Disclaimer: The views represented are those of the authors’ alone and not their respective
institutions or affiliated positions or funders.

Author Contributions

Conceptualization: Cyprien Kengne-Nde, Jean de Dieu Anoubissi, Gabriel Loni-Ekali, Yas-
mine Moussa, Arlette Messeh, Joseph Fokam, Denis Snayeul-Wawo, Marinette Ngo-Nemb,
David Kob, Serge-Clotaire Billong, Leonard Bonono, Jean-Bosco Elat.

Data curation: Cyprien Kengne-Nde, Jean de Dieu Anoubissi, Arlette Messeh, Joseph Fokam,
Denis Snayeul-Wawo.

Formal analysis: Cyprien Kengne-Nde.
Funding acquisition: Serge-Clotaire Billong, Leonard Bonono, Jean-Bosco Elat.

Investigation: Cyprien Kengne-Nde, Jean de Dieu Anoubissi, Yasmine Moussa, Joseph
Fokam, Albert Zeh-Meka, Denis Snayeul-Wawo, Dorine Tseuko, Marinette Ngo-Nemb,
David Kob, Serge-Clotaire Billong, Leonard Bonono, Jean-Bosco Elat.

Methodology: Cyprien Kengne-Nde, Jean de Dieu Anoubissi, Gabriel Loni-Ekali, Arlette Mes-
seh, Joseph Fokam, Denis Snayeul-Wawo, Dorine Tseuko, Marinette Ngo-Nemb, David
Kob, Serge-Clotaire Billong, Leonard Bonono, Jean-Bosco Elat.

Project administration: Leonard Bonono, Jean-Bosco Elat.
Resources: Serge-Clotaire Billong, Leonard Bonono, Jean-Bosco Elat.
Software: Cyprien Kengne-Nde.

Supervision: Gabriel Loni-Ekali, Celine Nguefeu-Nkenfou, Yasmine Moussa, Arlette Messeh,
Joseph Fokam, Albert Zeh-Meka, Denis Snayeul-Wawo, Dorine Tseuko, Marinette Ngo-
Nemb, David Kob, Serge-Clotaire Billong, Jean-Bosco Elat.

PLOS ONE | https://doi.org/10.1371/journal.pone.0241999 November 13, 2020 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0241999.s001
https://doi.org/10.1371/journal.pone.0241999

PLOS ONE

Re-emergence of Syphilis infection and associated risk factors among pregnant women in Cameroon

Validation: Cyprien Kengne-Nde, Jean de Dieu Anoubissi, Gabriel Loni-Ekali, Celine Ngue-
feu-Nkenfou, Yasmine Moussa, Arlette Messeh, Joseph Fokam, Albert Zeh-Meka, Denis
Snayeul-Wawo, Dorine Tseuko, Marinette Ngo-Nemb, David Kob, Serge-Clotaire Billong,
Leonard Bonono, Jean-Bosco Elat.

Visualization: Cyprien Kengne-Nde, Gabriel Loni-Ekali, Yasmine Moussa, Denis Snayeul-
Wawo, Leonard Bonono.

Writing - original draft: Cyprien Kengne-Nde.

Writing - review & editing: Cyprien Kengne-Nde, Jean de Dieu Anoubissi, Gabriel Loni-
Ekali, Celine Nguefeu-Nkenfou, Yasmine Moussa, Arlette Messeh, Joseph Fokam, Albert
Zeh-Meka, Denis Snayeul-Wawo, Dorine Tseuko, Marinette Ngo-Nemb, David Kob,
Serge-Clotaire Billong, Leonard Bonono, Jean-Bosco Elat.

References

1. “Global HIV & AIDS statistics—2019 fact sheet.” https://www.unaids.org/en/resources/fact-sheet
(accessed Mar. 18, 2020).

2. “AIDSinfo | UNAIDS.” https://aidsinfo.unaids.org/ (accessed Mar. 18, 2020).
3. “PHIA.” https://phia.icap.columbia.edu/ (accessed Mar. 18, 2020).

4. SimonV., HoD.D.andKarim Q. A., “HIV/AIDS epidemiology, pathogenesis, prevention and treat-
ment,” Lancet, vol. 368, no. 9534, pp. 489-504, Aug. 2006, https://doi.org/10.1016/S0140-6736(06)
69157-5 PMID: 16890836

5. Dionne-Odom J. et al., “Hepatitis B, HIV and Syphilis Seroprevalence in Pregnant Women and Blood
Donors in Cameroon,” Infect. Dis. Obstet. Gynecol., vol. 2016, 2016, https://doi.org/10.1155/2016/
4359401 PMID: 27578957

6. ChowE.P.F., Wilson D. P. and Zhang L., “HIV and Syphilis Co-Infection Increasing among Men Who
Have Sex with Men in China: A Systematic Review and Meta-Analysis,” PLoS ONE, vol. 6, no. 8, Aug.
2011, https://doi.org/10.1371/journal.pone.0022768 PMID: 21857952

7. Noubiap J.J.N., Joko W. Y. A, Nansseu J. R. N., Tene U. G. and Siaka C., “Sero-epidemiology of
human immunodeficiency virus, hepatitis B and C viruses and syphilis infections among first-time blood
donors in Edéa, Cameroon,” Int. J. Infect. Dis., vol. 17, no. 10, pp. e832—-e837, Oct. 2013, https://doi.
org/10.1016/.ijid.2012.12.007 PMID: 23317526

8. Ankouane F., Noah Noah D., Atangana M. M., Kamgaing Simo R., Guekam P. R. and Biwolé Sida M.,
“Séroprévalence des virus des hépatites B et C, du VIH-1/2 et de la syphilis chez les donneurs de sang
de I'ndpital central de Yaoundé, région du centre, Cameroun,” Transfus. Clin. Biol., vol. 23, no. 2, pp.
72-77, May 2016, https://doi.org/10.1016/j.tracli.2015.11.008 PMID: 26791918

9. Mutagoma M. et al., “Ten-year trends of syphilis in sero-surveillance of pregnant women in Rwanda and
correlates of syphilis-HIV co-infection,” Int. J. STD AIDS, vol. 28, no. 1, pp. 45-53, Jan. 2017, https://
doi.org/10.1177/0956462415624058 PMID: 26692548

10. SignoriniD. J. H. P. et al., “Prevalence of HIV-syphilis coinfection in a university hospital in the city of
Rio de Janeiro in 2005,” Rev. Soc. Bras. Med. Trop., vol. 40, no. 3, pp. 282-285, Jun. 2007, https://doi.
org/10.1590/s0037-86822007000300006 PMID: 17653461

11.  Zoufaly A., Onyoh E. F., Tih P. M., Awasom C. N. and Feldt T., “High prevalence of hepatitis B and
syphilis co-infections among HIV patients initiating antiretroviral therapy in the north-west region of
Cameroon,” Int. J. STD AIDS, vol. 23, no. 6, pp. 435—438, Jun. 2012, https://doi.org/10.1258/ijsa.2011.
011279 PMID: 22807539

12. Yeganeh N. et al., “Syphilis in HIV-Infected Mothers and Infants: Results from the NICHD/HPTN 040
Study,” Pediatr. Infect. Dis. J., vol. 34, no. 3, pp. €52—-e57, Mar. 2015, https://doi.org/10.1097/INF.
0000000000000578 PMID: 25742089

13. Blocker M. E., Levine W. C. and St. Louis M. E., “HIV Prevalence in Patients With Syphilis, United
States,” Sex. Transm. Dis., vol. 27, no. 1, p. 53, Jan. 2000, Accessed: May 01, 2019. [Online]. Avail-
able: https://journals.lww.com/stdjournal/Fulltext/2000/01000/HIV_Prevalence_in_Patients_With_
Syphilis,_United.11.aspx. https://doi.org/10.1097/00007435-200001000-00011 PMID: 10654870

14. “WHO | Investment case for eliminating mother-to-child transmission of syphilis,” WHO. https://www.
who.int/reproductivehealth/publications/rtis/9789241504348/en/ (accessed May 02, 2019).

PLOS ONE | https://doi.org/10.1371/journal.pone.0241999 November 13, 2020 14/15


https://www.unaids.org/en/resources/fact-sheet
https://aidsinfo.unaids.org/
https://phia.icap.columbia.edu/
https://doi.org/10.1016/S0140-6736(06)69157-5
https://doi.org/10.1016/S0140-6736(06)69157-5
http://www.ncbi.nlm.nih.gov/pubmed/16890836
https://doi.org/10.1155/2016/4359401
https://doi.org/10.1155/2016/4359401
http://www.ncbi.nlm.nih.gov/pubmed/27578957
https://doi.org/10.1371/journal.pone.0022768
http://www.ncbi.nlm.nih.gov/pubmed/21857952
https://doi.org/10.1016/j.ijid.2012.12.007
https://doi.org/10.1016/j.ijid.2012.12.007
http://www.ncbi.nlm.nih.gov/pubmed/23317526
https://doi.org/10.1016/j.tracli.2015.11.008
http://www.ncbi.nlm.nih.gov/pubmed/26791918
https://doi.org/10.1177/0956462415624058
https://doi.org/10.1177/0956462415624058
http://www.ncbi.nlm.nih.gov/pubmed/26692548
https://doi.org/10.1590/s0037-86822007000300006
https://doi.org/10.1590/s0037-86822007000300006
http://www.ncbi.nlm.nih.gov/pubmed/17653461
https://doi.org/10.1258/ijsa.2011.011279
https://doi.org/10.1258/ijsa.2011.011279
http://www.ncbi.nlm.nih.gov/pubmed/22807539
https://doi.org/10.1097/INF.0000000000000578
https://doi.org/10.1097/INF.0000000000000578
http://www.ncbi.nlm.nih.gov/pubmed/25742089
https://journals.lww.com/stdjournal/Fulltext/2000/01000/HIV_Prevalence_in_Patients_With_Syphilis
https://journals.lww.com/stdjournal/Fulltext/2000/01000/HIV_Prevalence_in_Patients_With_Syphilis
https://doi.org/10.1097/00007435-200001000-00011
http://www.ncbi.nlm.nih.gov/pubmed/10654870
https://www.who.int/reproductivehealth/publications/rtis/9789241504348/en/
https://www.who.int/reproductivehealth/publications/rtis/9789241504348/en/
https://doi.org/10.1371/journal.pone.0241999

PLOS ONE

Re-emergence of Syphilis infection and associated risk factors among pregnant women in Cameroon

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

“Start Free, Stay Free, AIDS Free—A super-fast-track framework for ending AIDS among children, ado-
lescents and young women by 2020.” http://www.unaids.org/en/resources/documents/2016/
20160926_startfree_vision (accessed May 02, 2019).

“On the Fast-Track to an AIDS-free generation.” http://www.unaids.org/en/resources/documents/2016/
GlobalPlan2016 (accessed May 02, 2019).

“WHO | Guidelines for conducting HIV sentinel serosurveys among pregnant women and other groups,”
WHO. https://www.who.int/hiv/pub/surveillance/anc_guidelines/en/ (accessed Mar. 21, 2020).

MINSANTE Cameroun, “lettre circulaire N° D36- 46/LC/MINSANTE du 12/08/2015 portant précisions
sur l'algorithme national de dépistage du VIH au, Cameroun, Yaoundé 2015.” 2015.

Quest Diagnostics Incorporated, “Quest Diagnostics. Specimens Handling General Guidelines.” 2014
2000, [Online]. Available: http://www.questdiagnostics.com/home/physicians/testing -services/special-
ists/hospitals-lab-staff/specimenhandling/general.html.

“WHO | WHO guideline on syphilis screening and treatment for pregnant women,” WHO. http://www.
who.int/reproductivehealth/publications/rtis/syphilis-ANC-screenandtreat-guidelines/en/ (accessed
May 01, 2019).

Kuznik A., Lamorde M., Nyabigambo A. and Manabe Y. C., “Antenatal Syphilis Screening Using Point-
of-Care Testing in Sub-Saharan African Countries: A Cost-Effectiveness Analysis,” PLoS Med., vol.
10, no. 11, Nov. 2013, https://doi.org/10.1371/journal.pmed.1001545 PMID: 24223524

Melku M., Kebede A. and Addis Z., “Magnitude of HIV and syphilis seroprevalence among pregnant
women in Gondar, Northwest Ethiopia: a cross-sectional study,” HIVAIDS Auckl. NZ, vol. 7, pp. 175—
182, Jun. 2015, https://doi.org/10.2147/HIV.S81481 PMID: 26082663

Gamba E. P., Nambei W. S. and Kamandii L., “Integrated screening for HIV, syphilis and toxoplasmosis
among pregnant women in the Central African Republic,” Médecine Santé Trop., vol. 23, no. 4, pp.
421-426, Oct. 2013, https://doi.org/10.1684/mst.2013.0256 PMID: 24334440

Reda S., Gongalves F. A., Mazepa M. M. and Carvalho N. S. D., “Women infected with HIV and the
impact of associated sexually transmitted infections,” Int. J. Gynecol. Obstet., vol. 142, no. 2, pp. 143—
147, Aug. 2018, https://doi.org/10.1002/ijgo.12507 PMID: 29656416

Kumogola Y. et al., “Trends in HIV & syphilis prevalence and correlates of HIV infection: results from
cross-sectional surveys among women attending ante-natal clinics in Northern Tanzania,” BMC Public
Health, vol. 10, p. 553, Sep. 2010, https://doi.org/10.1186/1471-2458-10-553 PMID: 20836872

Makasa M., Fylkesnes K., Michelo C., Kayeyi N., Chirwa B. and Sandoy |., “Declining Syphilis Trends in
Concurrence With HIV Declines Among Pregnant Women in Zambia,” Sex. Transm. Dis., vol. 39, no.
3, pp. 173-181, Mar. 2012, https://doi.org/10.1097/0OLQ.0b013e31823b23a4 PMID: 22337102

Anoubissi J. de D. et al., “Factors associated with risk of HIV-infection among pregnant women in Cam-
eroon: Evidence from the 2016 national sentinel surveillance survey of HIV and syphilis,” PLOS ONE,
vol. 14, no. 4, p. e0208963, avr 2019, https://doi.org/10.1371/journal.pone.0208963 PMID: 30978189

Billong Serge C. et al., “Decreased Inaccuracies in HIV Screening following Strengthening of Quality
System: Evidence-based Interventions through the PMTCT Program in Cameroon,” vol. 20, no. 2, Apr.
2019.

N. A. C. C. Ministry of health, “Final report of Sentinel surveillance survey of HIV and Syphilis among
pregnant women in Antenatal care in Cameroon in 2017,” 2017.

Nurse-Findlay S. et al., “Shortages of benzathine penicillin for prevention of mother-to-child transmis-
sion of syphilis: An evaluation from multi-country surveys and stakeholder interviews,” PLoS Med., vol.
14, no. 12, Dec. 2017, https://doi.org/10.1371/journal.pmed.1002473 PMID: 29281619

Chimoyi L. A. and Musenge E., “Spatial analysis of factors associated with HIV infection among young
people in Uganda, 2011,” BMC Public Health, vol. 14, p. 555, Jun. 2014, https://doi.org/10.1186/1471-
2458-14-555 PMID: 24898872

Mohamed B. A. and Mahfouz M. S., “Factors Associated with HIV/AIDS in Sudan,” BioMed Res. Int.,
vol. 2013, 2013, https://doi.org/10.1155/2013/971203 PMID: 23957014

Dellar R. C., Dlamini S. and Karim Q. A., “Adolescent girls and young women: key populations for HIV
epidemic control,” J. Int. AIDS Soc., vol. 18, no. 2Suppl 1, Feb. 2015, https://doi.org/10.7448/1AS.18.2.
19408 PMID: 25724504

PLOS ONE | https://doi.org/10.1371/journal.pone.0241999 November 13, 2020 15/15


http://www.unaids.org/en/resources/documents/2016/20160926_startfree_vision
http://www.unaids.org/en/resources/documents/2016/20160926_startfree_vision
http://www.unaids.org/en/resources/documents/2016/GlobalPlan2016
http://www.unaids.org/en/resources/documents/2016/GlobalPlan2016
https://www.who.int/hiv/pub/surveillance/anc_guidelines/en/
http://www.questdiagnostics.com/home/physicians/testing
http://www.who.int/reproductivehealth/publications/rtis/syphilis-ANC-screenandtreat-guidelines/en/
http://www.who.int/reproductivehealth/publications/rtis/syphilis-ANC-screenandtreat-guidelines/en/
https://doi.org/10.1371/journal.pmed.1001545
http://www.ncbi.nlm.nih.gov/pubmed/24223524
https://doi.org/10.2147/HIV.S81481
http://www.ncbi.nlm.nih.gov/pubmed/26082663
https://doi.org/10.1684/mst.2013.0256
http://www.ncbi.nlm.nih.gov/pubmed/24334440
https://doi.org/10.1002/ijgo.12507
http://www.ncbi.nlm.nih.gov/pubmed/29656416
https://doi.org/10.1186/1471-2458-10-553
http://www.ncbi.nlm.nih.gov/pubmed/20836872
https://doi.org/10.1097/OLQ.0b013e31823b23a4
http://www.ncbi.nlm.nih.gov/pubmed/22337102
https://doi.org/10.1371/journal.pone.0208963
http://www.ncbi.nlm.nih.gov/pubmed/30978189
https://doi.org/10.1371/journal.pmed.1002473
http://www.ncbi.nlm.nih.gov/pubmed/29281619
https://doi.org/10.1186/1471-2458-14-555
https://doi.org/10.1186/1471-2458-14-555
http://www.ncbi.nlm.nih.gov/pubmed/24898872
https://doi.org/10.1155/2013/971203
http://www.ncbi.nlm.nih.gov/pubmed/23957014
https://doi.org/10.7448/IAS.18.2.19408
https://doi.org/10.7448/IAS.18.2.19408
http://www.ncbi.nlm.nih.gov/pubmed/25724504
https://doi.org/10.1371/journal.pone.0241999

