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Abstract

Background

The mother-to-child transmission of HIV-1 (MTCT) remains on the major route of HIV-trans-
mission among pediatric populations in Africa. Though a prevention of MTCT (PMTCT)
high-priority country, data on the MTCT burdens in Cameroon remains fragmented.

Objective

We sought to assess the pooled MTCT rate, its risk-factors, and to characterize viral reser-
voirs of infected-children in Cameroon.

Methods

All relevant observational cohort and cross-sectional studies conducted in Cameroon were
searched from PubMed, African Journals Online, Google scholar, ScienceDirect and aca-
demic medical education databases. Heterogeneity and publication bias were respectively
assessed by the I? statistic and the Egger/funnel plot test. Meta-analysis was performed
using the random effects model. MTCT rate >5% was considered as “high”. This review was
registered in the Prospero database, CRD42021224497.
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Abbreviations: AIDS, Acquired Immunodeficiency
Syndrome; ART, Antiretroviral treatment; ARV,
Antiretroviral; Cl, Confidence Interval; HIV, Human
Immunodeficiency Virus; MTCT, Mother-to-Child
Transmission; OR, Odds Ratio; PMTCT, Prevention
of Mother to Child Transmission; SSA, sub-
Saharan Africa.

Results

We included a total of 29 studies and analyzed 46 684 children born from HIV-positive moth-
ers. The overall rate of MTCT was 7.00% (95% CI = 6.07-8.51). According to regions, the
highest burden was in Adamaoua-region (17.51% [95% Cl:14.21-21.07]) with only one
study found. PMTCT option-B+ resulted in about 25% reduction of MTCT (8.97% [95% CI:
8.71-9.24] without option-B+ versus 2.88% [95% CI: 5.03-9.34] with option-B+). Regarding
risk-factors, MTCT was significantly associated with the absence of PMTCT-interventions
both in children (OR:5.40 [95% CI: 2.58—11.27]) and mothers (OR: 3.59 [95% ClI: 2.15-5.99]).
Regarding viral reservoirs, a pro-viral DNA mean of 3.34+1.05 logo/mL was observed among
5/57 children and archived HIV drug resistance mutations were identified in pro-viral DNA
marker among 21/79 infected-children.

Conclusion

In spite of the dropdown in MTCT following option-B+ implementation, MTCT remains high
in Cameroon, with substantial disparities across regions. Thus, in this era of option-B+,
achieving MTCT elimination requires interventions in northern-Cameroon. The variation in
pro-viral load in infected-children underlines the relevance of characterizing viral reservoirs
for possible infection control in tropical settings.

Introduction

About 38 million people were living with Human Immunodeficiency Virus (HIV) worldwide,
according to the 2019 UNAIDS report; sub-Saharan Africa (SSA) is still paying the heaviest
toll, since nearly 70% of the world’s recorded HIV infections is found in this part of the globe
[1]. Importantly, among the 150,000 children (0-14 years) who have been newly infected in
2019, 126,000 (84%) are living in SSA [1]. In Cameroon, an estimated 7,600 new cases pediatric
HIV infection occur yearly, placing Cameroon among the priority countries for programmatic
interventions against HIV vertical transmission [2].

Vertical transmission of HIV-1 also known as mother-to-child transmission (MTCT) of
HIV is one of the HIV transmission route, and represents the major route through which pedi-
atric populations acquire HIV-1 infection [3]. This can occur during pregnancy, birth or
through breast feeding where nearly 35% of children born to HIV-1 positive mothers contract
HIV infection [2]. More than 90% of HIV-1 infected children acquired the infection through
MTCT [4, 5], especially in SSA [6]. Studies reported that, during pregnancy or postpartum
period, the rate of MTCT varies from 15% to 45% in the absence of prevention of MTCT
(PMTCT) intervention [2, 7]. However, with the expansion of PMTCT interventions, a signifi-
cant reduction of MTCT rate from 28% to 18% was observed in SSA between 2009 and 2013 [8].

In Cameroon, analysis of the PMTCT cascade at the end of 2012 revealed some shortcom-
ings, both in the demand for PMTCT services and in the quality of services offered in health
facilities throughout the country [2]. In 2014, Cameroon PMTCT strategy was based on three
main areas of interventions [2], which includes the integration of PMTCT program,; the
enhancement of maternal, neonatal and child health program; and the last consists of tasks
shifting/decentralization of services and the implementation of option B+ for PMTCT, which
recommends the systematic initiation of antiretroviral therapy (ART) in all HIV-1-positive
pregnant women regardless of their clinical stage or CD4 cell-count [2].
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Efforts to study the prevalence and risk factors of MTCT have been made, but primary stud-
ies in Cameroon remain highly diverse and challenging for guiding toward evidence-based
decision [9-15]. Therefore, this systematic review and meta-analysis intended to review the
existing evidence and to determine the pooled national estimate of MTCT rate in Cameroon,
and its associated factors. Moreover, for HIV-infected children within the frame of PMTCT,
our work also aimed at summarizing the existing data on HIV-DNA viral reservoirs profile fol-
lowing vertical transmission in Cameroon. The results of this study could contribute substan-
tially to generate stronger recommendations for policy-making and public health actions on
both the preventing MTCT while ensuring an effective infection control for those that might
be infected at county-level.

Methods
Design

This systematic review and meta-analysis was performed following the guidelines of preferred
Reporting Items for Systematic Review and Meta-Analyses (PRISMA) (S1 Table) [16] and was
registered to PROSPERO under the registration number CRD42021224497.

Data sources and search strategy

To enable exhaustive identification of relevant studies, a comprehensive search strategy was
performed in the PubMed, African Journals Online, Google scholar, ScienceDirect and aca-
demic medical education databases using the search terms: “Human immunodeficiency

» «

virus”; HIV; “Acquired immunodeficiency syndrome”; AIDS; “mother to child”; “mother-to-
child”; “mother to infant”; “vertical transmission”; “mother-to-child-transmission”; “mother
to child transmission”; MTCT; PMTCT; “Prevention of mother to child transmission”; “Early
infant diagnosis”; “viral reservoirs”, Centre; South; Littoral; West; “North West”; “South
West”; East; Adamaoua; North; “Far North” and Cameroon. Search run was developed using
the Boolean operators “AND” and “OR”. Search details for PubMed illustrated as example is
shown in S2 Table. Databases were consulted from February to August 2021 for studies pub-
lished in English or French languages. Furthermore, reference lists of included articles were

searched manually to ensure the completeness of the search strategy.

Inclusion and exclusion criteria

The included studies had the following criteria: (a) interventional or observational studies pub-
lished in peer-review journals including epidemiological surveys, cross-sectional studies,
cohorts, case-control and case series or reports (with sample size >10 participants); grey litera-
tures (abstract for cconferences, government reports) reporting expected data were also con-
sidered as an inclusion criteria; (b) studies with mother-to-child HIV transmission as the main
outcome; (c) studies with any HIV diagnosis approach among exposed infants including early
infant diagnosis (EID) for infant aged <18 months and serological test as recommended
nationally for infants aged 18 months and above; (d) Studies reporting the prevalence of HIV
(serological and/or EID) among HIV exposed infants born to HIV positive mothers or studies
with available data to calculate this estimate were included. We defined MTCT as the propor-
tion of the number of infants positive for HIV divided by the total HIV-exposed infants
assessed. Regarding cohort studies, the cumulative incidence was considered as prevalence, in
which the number of new HIV infected cases was divided by the overall sample size. Studies
focusing on the assessment of knowledge, attitude, and practice of MTCT without the outcome
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of interest of our study, case reports, reviews, systematic reviews and meta-analyses, studies
with outliers’ data, comments, studies without full text, and duplicate were excluded.

Study selection and quality assessment

The list of selected studies was exported to an excel spreadsheet. Duplicates identified from the
complete list of studies were removed. The titles and abstracts of the eligible studies were inde-
pendently examined by two study authors (ACK and ADN) for the selection of relevant stud-
ies. The contrary opinions of the investigators regarding the selection of the studies were
resolved by discussion, consensus or intervention of a third person (experienced scientist)
when necessary.

The quality of each study was independently assessed by three study authors (ACK, AND
and ENJS) using a dedicated scale for prevalence studies that is based on 10 components
divided into two groups: internal and external validity of the study. This scale was adapted by
removing item 9 (S3 Table) [17]. The scores of 0 or 1 were assigned to each question in the
assessment tool for a total score of 9 per study. The scores of 0-3, 4-6 and 7-9 represented a
high, moderate and low risk of bias, respectively.

Data extraction

Data from the included studies were extracted using a Google form by 03 study authors (ACK,
AND and ENJS) and verified by ACK. The extracted data were: the name of the first author, the
year of publication, the study design, the inclusion criteria, region, sampling method, sampling
period, age, gender, sample size, the prevalence rate of MTCT, the feeding mode and the mode
of delivery. Disagreements observed by different data extractors during data extraction were
resolved by discussion and/or consensus. The corresponding authors of the selected studies
were contacted for further information whenever pertinent data for the analysis were missing.

Data analysis

Before performing meta-analysis, outliers were identified and removed (www.Statology.org/
remove-outliers-r/). To estimate the heterogeneity among studies, I and H statistics were used
[18]. The I” value was indicative of the degree of heterogeneity, with values of 0%, 18%, 45%, and
75% designating none, low, moderate and high heterogeneity, respectively [19]. Lack of evidence
on heterogeneity among studies was indicated by obtaining an H statistic close to 1, these values
were inversely proportional with the degree of heterogeneity. The prevalence and 95% confi-
dence intervals (95% CI) were estimated by random effect models [20]. Subgroup and meta-
analyses according to the study design, geographical area, demographic situation, presence/
absence of PMTCT intervention, mode of delivery and mode of feeding were employed to adjust
for the variations in the pooled estimate of the prevalence. The dependent variable was the preva-
lence of HIV-1 MTCT. The statistically significant threshold was fixed at p<0.05. The publica-
tion bias was assessed by visual inspection of the asymmetry of the funnel plot and the Egger
test, with p <0.1 indicating a potential bias [21]. The R version 3.6.0 software (package "meta"
and "metafor") was used to perform all meta-analyses, through the R Studio interface [22, 23].

Results
Literature search

A total of 452 studies were identified through an electronic search strategy in the different
databases. First, duplicates (n = 1256), irrelevant studies based on titles and abstracts were
removed (n = 159) and 168 studies were assessed eligible for the full text examination. After
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Fig 1. Flow chart of the study selection process.

https://doi.org/10.1371/journal.pone.0278670.9001

this process, 29 studies met all the inclusion criteria. Fig 1 shows the study selection process
and S4 Table shows the main reasons for excluding initially eligible studies.

Characteristics of included studies

Among 28 studies included, we found 11 cohort studies [13, 24-33] and 17 cross sectional
studies [9-11, 14, 34-46]. Study participants were recruited between 1994 and 2017. Regarding
geographical location, all the ten regions of Cameroon were represented; one in the Adamoua
[30]; 19 in the Centre [13, 14, 24, 25, 27, 29, 30, 32-35, 40, 42-49]; two in the East [10, 30]; one
in the Far North [30]; three in the Littoral [28, 30, 35]; one in the North [30]; four in the
North-West [11, 30, 35, 38]; one in the South [30]; four in the South-West [28, 30, 31, 35]; and
two in the West [26, 30]. Concerning the types of studied population, most of the studies were
conducted in the urban area [9-11, 13, 14, 24, 25, 27, 29, 31-34, 37, 42-47, 49]; while only
three of the studies were conducted in the rural area [26, 28, 38]. The characteristics of those
studies are reported in Table 1.

Meta-analysis

The included studies of this review recruited a total of 46 684 infant participants aged between
0.4 and 60 weeks regarding MTCT and 136 children with data reported on profile of viral
reservoirs.

Publication bias and heterogeneity analysis. No study was excluded after checking for
the funnel plot symmetry and the significance of Egger’s regression test (p = 0.103, which indi-
cated an absence of publication bias) (Fig 2). PMTCT subgroup category among both children
and their mothers had a small number of studies and did not enable for an objective estimate
of the heterogeneity. Nonetheless, substantial heterogeneity was recorded in both cross sec-
tional, cohort studies and other subgroup analysis.
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Table 1. General characteristics of the included studies for prevalence of MTCT and quality of assessment.

Author, year Years of Study Design | Sample size | MTCT Positivity rate (95% | Infant median/mean age in | Quality assessment
sampling CI) week
Tscherning et al., 2000 [44] 1994-1996 Cross 42 11.90% (3.98-25.63) Not Reported Moderate risk of
sectional bias
Ayouba et al., 2003 [45] 2000-2002 Cross 123 4.07% (1.33-9.23) Not Reported Low risk of bias
sectional
Tejiokem et al., 2004 [47] 2000-2004 Cross 313 13.10% (9.57-17.35) Not Reported Low risk of bias
sectional
Wanyu et al., 2007 [38] 2002-2005 Cross 14 14.29% (1.78-42.81) Not Reported Moderate risk of
sectional bias
Kouam et al., 2006 [42] 2003-2004 Cross 18 11.11% (1.38-34.71) Not Reported Moderate risk of
sectional bias
Tchendjou et al., 2010 [33] 2004-2008 Cohort 418 7.18% (4.89-10.09) Not Reported Low risk of bias
Boerma et al., 2015 [28] 2004-2012 Cohort 285 3.86% (1.94-6.80) Not Reported Low risk of bias
Nkenfou et al., 2019 [9] 2004-2013 Cross 15404 9.35% (8.89-9.82) 16.7 Low risk of bias
sectional
Fomulu et al., 2009 [49] 2006-2006 Cross 90 1.11% (0.03-6.04) Not Reported Low risk of bias
sectional
Lukong et al., 2013 [31] 2007-2008 Cohort 174 6.90% (3.61-11.74) 6 Low risk of bias
Tejiokem et al., 2011 [29] 2007-2009 Cohort 1331 3.83% (2.87-5.01) 04 Low risk of bias
Penda et al., 2019 [24] 2007-2010 Cohort 1765 3.85% (1.22-5.46) 0.42 Low risk of bias
Nkenfou et al., 2012 [30] 2007-2010 Cohort 14763 9.84% (9.36-10.33) Not Reported Low risk of bias
Tejiokem et al., 2015 [27] 2007-2011 Cohort 1971 10.65% (9.33-12.10) Not Reported Low risk of bias
Njom et al., 2013 [25] 2008-2009 Cohort 285 2.81% (1.43-5.67) 8.0 Low risk of bias
Njom et al., 2012 [32] 2008-2010 Cohort 14763 4.55% (2.87-6.80) Not Reported Low risk of bias
Njom et al., 2018 [13] 2008-2013 Cohort 1086 3.59% (2.57-4.88) Not Reported Low risk of bias
Fondoh et al., 2017 [11] 2008-2014 Cross 877 7.07% (5.46-8.97) 6.0 Low risk of bias
sectional
Altan et al., 2016 [26] 2009-2011 Cohort 265 1.13% (0.23-3.27) Not Reported Low risk of bias
Noubiap et al., 2013 [10] 2010 Cross 112 11.61% (6.33-19.03) 16.0 Low risk of bias
sectional
Temgoua et al., 2015 [36] 2010-2011 Cross 3789 11.45% (10.46-12.51) 14.0 Low risk of bias
sectional
Pooled prevalence before - - 57888 8.97% (8.71-9.24) - -
Option B+
Njom et al., 2019 [14] 2016 Cross 120 5.83% (2.38-11.65) 60.0 Low risk of bias
sectional
Tchendjou et al., 2020 [35] 2016-2017 Cross 2254 8.74% (7.61-9.98) 7.0 Low risk of bias
sectional
Pooled prevalence after Option - - 2374 2.88% (5.03-9.34) - -
B+
Mekue et al., 2018 [34] Not Reported Cross 220 19.09% (14.12-24.92) Not Reported Low risk of bias
sectional
Ayouba et al., 2003 [40] Not Reported Cross 119 10.92% (5.95-17.96) Not Reported Low risk of bias
sectional
Ou et al., 2007 [41] Not Reported Cross 315 15.56% (11.74-20.04) 9.4 Low risk of bias
sectional
Njom et al., 2010 [43] Not Reported Cross 47 4.26% (0.52-14.54) Not Reported Moderate risk of
sectional bias

Notes: The risk of bias assessment was evaluated following the guidelines reported by Hoy et al., 2012 [17]

The Prevalence was calculated using the data reported in the different articles.

Option B+ was implemented as from 2014.

https:/doi.org/10.1371/journal.pone.0278670.t001
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Prevalence of mother to child transmission. Out of the 29 included studies, 27 studies
reported data on MTCT and were considered in the final meta-analysis [9-11, 13, 14, 24-46].
The pooled prevalence (95% confidence interval) rate of MTCT was 7.00% (6.07-8.51), I* =
93%, p<0.01 (Fig 3).

Moreover, we have performed a subgroup analysis by region. Globally, the Northern part of
the country showed the highest MTCT prevalence [95% CI]; with a prevalence of 17.51%
(14.21-2 1.07) in the Adamaoua region; 17.33% [13.25-21.84] in the Far North region and
15.79% [12.20-19.74] in the North region). The South and the East regions were also highly
affected with a prevalence (95% CI) of 12.77% (9.06-17.01) and 12.32% (9.11-15.94) respec-
tively. The West region was the least affected, with a prevalence of 4.51% (0.00-15.94) of preva-
lence; and thus is the only one heading toward MTCT elimination. Furthers information are
reported in Figs 4 and 5.

Regarding demographic situation, the Urban zone with 21 studies showed a higher preva-
lence of MTCT (6.92% [95% CI:5.33-8.69]; I* = 93%, P<0.01), when compared to rural area
with 03 studies (3.33% [95% CI: 0.01-10.00], I? = 80%, P<0.01) (Fig 6). Of note, three studies
did not report demographic information.

Regarding gender, female children showed a higher prevalence rate (5.77% [95% CI:
3.54-8.43]; I> = 82%, p<0.01) when compared to male children (3.53% [95% CI: 2.28-4.98];
I? = 64%, p = 0.03); Fig 7.

A subgroup analysis was also performed according to study design. We found that a higher
prevalence of 9.74% (95% CI: 8.21-11.37) was observed in cross sectional studies (p<0.01, =
82%), versus 5.01% (95% CI: 3.21-7.16) in cohort studies (p<0.01, 2 = 93%); Fig 8.

Factors associated with mother to child transmission. The main risk factors considered
in this review were: (a) Presence of the prevention of MTCT (PMTCT), (b) feeding modes and
(c) delivery route.
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Studies Cases Total Prevalence Prevalence (%) 95% Cl Weight
Nkenfou, 2019 1440 15404 935 [889; 982] 53%
Noubiap, 2013 13 112 —— 1161 [6.33;19.03] 28%
Fondoh, 2017 62 877 s 707 [546; 897] 48%
Njom, 2018 39 1086 359 [257,488] 4.9%
Njom, 2019 7 120 —— 583 [2.38;1165] 29%
Mekue, 2018 42 220 i —i— 19.09 [14.12;2492] 3.7%
Tchendjou, 2020 197 2254 874 [761,998] 51%
Temgoua, 2015 434 3789 11.45 [10.46;12.51] 52%
Penda, 2019 68 1765 385 [3.00; 486] 5.0%
Njom, 2013 8 285 Ik 281 [122;, 546] 39%
Wanyu, 2007 2 14 - 1429 [1.78;4281] 0.7%
Altan, 2016 3 265 113 [0.23; 327] 39%
Ayouba, 2003 13 119 — 10.92 [5.95;17.96] 29%
Tejiokem, 2015 210 1971 1065 [9.33;1210] 5.1%
Boerma, 2015 11 285 I 386 [1.94; 680] 3.9%
Tejiokem, 2011 51 1331 383 [287,501] 49%
Nkenfou, 2012 1452 14763 984 [9.36;10.33] 53%
Lukong, 2013 12 174 i 690 [361;11.74] 3.4%
Njom, 2012 22 484 B 455 [287,680] 44%
Tchendjou, 2010 30 418 L & 7.18 [4.89;10.09] 4.3%
Ou, 2007 49 315 S o 15.56 [11.74,20.04] 4.0%
Kouam, 2006 2 18 : 11.11 [1.38;3471] 08%
Njom, 2010 2 47 —W— 426 [052;1454] 17%
Tscherning, 2000 5 42 — 11.90 [3.98;2563] 1.6%
Ayouba, 2003 5 123 = 407 [133;923] 29%
Tejiokem, 2004 41 313 - 13.10 [9.57,17.35] 4.0%
Fomelu, 2009 1 90 B 111 [0.03; 6.04] 25%
Total 4221 46684 * 7.00 [5.84; 8.24] 100.0%

Heterogeneity: /% = 93%, t° = 0.0025, p <'0.01 | ! ' !
0 10 20 30 40

Fig 3. Forest plot of the prevalence of MTCT.
https://doi.org/10.1371/journal.pone.0278670.g003

MTCT was associated with the absence of PMTCT intervention among children (OR: 5.40
[95% CI: 2.58-11.27]) and mothers (OR:3.59 [95% CI: 2.15-5.99]) as shown in Fig 9. In this
study, there was no association between MTCT and other feeding modes (OR:1.55 [95% CI:
0.92-2.64]) and delivery route (OR: 0.95 [95% CI: 0.60-1.51] for vaginal delivery mode and
0.86 [95% CI: 0.45-1.63] for cesarean delivery mode]) (S1 Fig).

Evaluation of the PMTCT-option B+ strategy. Regarding Cameroon’s strategy to pre-
vent MTCT, PMTCT-option B+ resulted in almost 25% reduction in MTCT, dropping from
8.97% (95% CI: 8.71-9.24) in the absence of option B+ to 2.88% (95% CI: 5.03-9.34) with
option B+; see Table 1 for further information.

Profile of viral reservoirs among infected children. Out of the 29 studies included in this
review, only two reported data on the profile of cellular reservoirs among 136 enrolled children.
A pro-viral DNA load mean of 3.34+1.05 log;o/mL without genotypic characterization was
observed among five HIV infected children over 57 enrolled during the ANRS-Pediacam study
in 2007 [50]. As for the genotyping aspect in the Cameroonian context, archived HIV drug
resistance mutations were identified exclusively in pro-viral DNA marker among 21 of 79 ado-
lescents vertically HIV-infected failing antiretroviral therapy and enrolled in the Centre health
facilities in 2019 [51]. Very limited studies have been conducted on the viral reservoirs of HIV-
infected children in Cameroon, thus calling for further investigations in this area of scope.

Discussion

This systematic review and meta-analysis aimed to determine the pooled prevalence of MTCT,
its determinants and the profile of viral reservoir among HIV-1 infected children in Camer-
oon. Several lessons and prospects could be learnt from the trend of evidence.
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Studies Cases Total Prevalence Prevalence (%)
East i
Noubiap, 2013 13 112 —— - 11.61
Nkenfou, 2012 32 252 = 12.70
Subtotal 45 364 —— 12.32
Heterogeneity: /1 = 0%, t° = 0, p = 0.81
North West
Fondoh, 2010 62 877 707
Tchendjou, 2020 33 286 11.54
Wanyu, 2007 2 14 14.29
Nkenfou, 2012 330 3654 9.03
Subtotal 427 4831 8.19
Heterogeneity: /% = 57%, t= = 0.0005, p = 0.0
Centre
Njom, 2018 39 1086 3.59
Njom, 2019 74 120 5.83
Mekue, 2018 42 220 —— 19.09
Tchendjou, 2020 106 1103 - 9.61
Penda, 2019 68 1765 = 3.85
Njom, 2013 8 285 .- 2.81
Ayouba, 2003 13 119 — - 10.92
Tejiokem, 2015 210 1971 = 10.65
Tejiokem, 2011 51 1331 3.83
Nkenfou, 2012 358 3274 = 10.93
Njom, 2012 22 484 - 4.55
Tchendjou, 2010 30 418 - 7.18
Kouam, 2006 2 18 - d1.11
Njom, 2010 2 47 — 4.26
Tscherning, 2000 5 42 — . 11.90
Ayouba, 2003 5 123 —-_ 4.07
Tejiokem, 2004 41 313 ;. 13.10
Fomelu, 2009 1 90 W— 1.11
Subtotal 1010 12809 - 6.84
Heterogeneity: /° = 93%, t° = 0.0055, p < 0.01
Littoral
Tchendjou, 2020 42 581 i==3 7.23
Boerma, 2015 2 113 - 1.77
Nkenfou, 2012 202 3309 = 6.10
Subtotal R 246 4003 - 5.6
Heterogeneity: /I~ = 67%, t~ = 0.0009, p = 0.05
South West
Tchendjou, 2020 16 284 .- 563
Boerma, 2015 9 172 - 523
Nkenfou, 2012 188 1659 B 11.33
Lukong, 2013 12 174 —-— 6.90
Subtotal 225 2289 7.38
Heterogeneity: /° = 82%, t° = 0.0034, p < 0.0
West
Altan, 2016 3 265 W 1:1
Nkenfou, 2012 115 1206 9.54
Subtotal . 118 1471 e —— 4.51
Heterogeneity: /© = 97%, t~ = 0.0194, p < 0.01
Adamaoua
Nkenfou, 2012 83 474 - 17.51
Subtotal 83 474 - 17.61
Heterogeneity: not applicable
Far North
Nkenfou, 2012 52 300 —_— 17.33
Subtotal 52 300 - 17.33
Heterogeneity: not applicable
North
Nkenfou, 2012 57 361 - 15.79
Subtotal 57 361 ——— 156.79
Heterogeneity: not applicable
South
Nkenfou, 2012 35 274 —_— 1277
Subtotal 35 274 ———— 12.77
Heterogeneity: not applicable
Total 2298 27176 -> 7.89
Heterogeneity: /° = 92%, t° = 0.0043, p <'0.01 T Y ! L

o 10 20 30 40

95% ClI Weight

[6.33; 19.03]
[8.85; 17.45)
[9.11; 156.94]

[5.46; 8.97)
8.08; 15.82)
1.78; 42.81]
8.12. 10.01]
6.39; 10.15]

[2.57; 4.88]
[2.38; 11.65]
[14.12; 24.92]
(7

[

[9.33.12.10]
[2.87; 5.01]
[9.89; 12.05]
[2.87; 6.80]
[4.89; 10.09]
[1.38; 34.71)
[0.52; 14.54]
[3.98: 25.63]
[1.33; 9.23]
[9.57; 17.35)
[0.03; 6.04]
[4.97; 8.96]

[4.33; 11.13]

[0.23; 3.27)
[7.94;11.33)
[0.00; 156.97]

[14.20; 21.24]
[14.21; 21.07]

[13.22; 22.10]
[13.25; 21.84]

[12.18; 19.97]
[12.20; 19.74]

[9.06; 17.32)
[9.06; 17.01]

2.3%
2.8%
5.0%

3.2%
2.8%
0.7%
3.4%
10.1%

3.3%
2.3%
2.7%
3.3%
3.3%
2.8%
2.3%
3.3%
3.3%
3.4%
3.1%
3.0%
0.8%
1.5%
1.4%
2.3%
2.9%
2.1%
471%

3.1%

2.8%
2.8%

[6.63; 9.25] 100.0%

Fig 4. Forest plot of MTCT in the ten regions of Cameroon. The number of participants obtained in this forest plot
depend on the studies that reported the region of sampling.

https://doi.org/10.1371/journal.pone.0278670.g004

The overall positivity rate of MTCT in Cameroon was 7.00% and varied across the regions.
The positivity rate of MTCT in the present study was higher than the 6% and 2% respectively
observed in South Africa and Botswana as reported by 2013 United Nations Program on HIV/
AIDS [52] reflecting a potential low maternal adherence to antenatal care utilization in Camer-
oon. Low level of knowledge and practices of mothers about MTCT might contribute to the
high HIV infection rate among infants in our setting [53]. By contrast, this rate was lower
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Fig 5. Pooled vertical transmission rate of HIV in Cameroon. The figure was conceived and adapted by the authors
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Studies Cases Total Prevalence
Urban

Nkenfou, 2019 1440 15404 - |
Noubiap, 2013 13 112 ——
Fondoh, 2010 62 877 [ ]

Njom, 2018 39 1086 R

Njom, 2019 7 120 -E—

Mekue, 2018 42 220 P ——
Penda, 2019 68 1765 K&

Njom, 2013 8 285 W

Ayouba, 2003 13 119 ——
Tejiokem, 2015 210 1971
Boerma, 2015 2 113 W=

Tejiokem, 2011 51 1331

Lukong, 2013 12 174 -

Njom, 2012 2 44 B

Tchendjou, 2010 30 418 t o

Kouam, 2006 2 18 =

Njom, 2010 2 47 —®—
Tscherning, 2000 5 42 -
Ayouba, 2003 5 123

Tejiokem, 2004 41 313 -
Fomelu, 2009 1 90 W

Subtotal 2075 25112 >
Heterogeneity: /% = 93%, t° = 0.0042, p < 0.01

Rural

Wanyu, 2007 2 14 =

Altan, 2016 3 265

Boerma, 2015 9 172 W

Subtotal 14 451 <

Heterogeneity: 1 = 80%, ° = 0.0086, p < o.o1§

Total 2089 25563
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Fig 6. Forest plot of the prevalence of MTCT according to the demographic area.
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[3.00; 4.86)
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[0.22; 6.25]
[2.87; 5.01)
[3.61; 11.74]
[2.87; 6.80]
[4.89; 10.09)
[1.38; 34.71)
[0.52; 14.54]
[3.98; 25.63)
[1.33; 9.23]
[9.57; 17.35)
[0.03; 6.04]
[4.97; 8.23]

[1.78; 42.81)
[0.23; 327)
[2.42; 9.70)
[0.01; 10.00]

5.6%
3.8%
5.3%
5.4%
3.9%
4.5%
5.5%
4.7%
3.8%
5.5%
3.8%
5.4%
4.3%
5.0%
5.0%
1.4%
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3.9%
4.8%
3.5%
89.9%

1.2%
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4.3%
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Studies Cases Total Prevalence Prevalence (%) 95% Cl Weight
Male

Nkenfou, 2019 695 15404 451 [4.19; 485 224%
Noubiap, 2013 10 112 - 893 [4.36;1581] 3.8%
Fondoh, 2017 28 877 R 319 [213; 458] 14.0%
Ayouba, 2003 1 16 : 6.25 [0.16;30.23] 0.6%
Tejiokem, 2004 8§ 313 = 256 [1.11; 4971 82%
Subtotal 742 16722 & 3.53 [2.28; 4.98] 49.0%
Heterogeneity: /* = 64%, 1° = 0.0007, p = 0.03

Female H

Nkenfou, 2019 745 15404 - 484 [450; 519] 224%
Noubiap, 2013 3 112 -=— 268 [0.56; 7.63] 3.8%
Fondoh, 2017 34 877 | 388 [2.70; 5.38] 14.0%
Ayouba, 2003 4 16 2500 [7.27;52.38] 0.6%
Luc-Aime, 2021 6 53 ; 11.32 [4.27,23.03] 20%
Tejiokem, 2004 33 313 ; 1054 [7.37;1449] 82%
Subtotal 825 16775 -> 5.77 [3.54; 8.43] 51.0%

Heterogeneity: P= 82%, = 0.0023, p < 0.(31

Total 1567 33497 ¢ 4.20 [3.38; 5.09] 100.0%
Heterogeneity: 12 = 77%, ©° = 0.0004, p </0.01 T T T !
0 10 20 30 40

Fig 7. Forest plot of the prevalence of the MTCT according to gender.
https://doi.org/10.1371/journal.pone.0278670.g007

when compared to those reported among HIV exposed in some African countries such as
Ethiopia (11.4%) [54]. This discrepancy might be due to the sampling year or may perhaps
reflect the differences in PMTCT uptake between the settings.

Regarding sub-group analysis of MTCT rate according to geographical areas, the Northern
part of the country (Adamaoua, Far North and North regions) showed a higher transmission
rate, followed by South and East regions. Among the ten regions, the West showed the lowest
MTCT transmission rate. These differences could be explained by the sub-optimal and late
start of antenatal visits. Therefore, most children born to HIV-positive mothers, particularly in
the northern part of the country, because they are not diagnosed (or not early diagnosed),
would be without treatment and therefore potentially reach the advanced WHO clinical stages
(IIT or IV) because of their high viral replication and immunodeficiency. Indeed, this study
shows that in the northern part of the country, there could be a high risk of HIV-related infant
morbidity/mortality. In fact, it was previously documented that the Northern regions of Cam-
eroon have critical shortage in human resource for health and that more than 60% of births
are unattended [55]. Moreover, these regions record the highest number of childbirths in
Cameroon [56]. For these reasons, women have limited access to HIV testing [53]. The lower
awareness/knowledge levels of pregnant women about HIV, HIV transmission and PMTCT
are important determinants of MTCT [15]. So as potential strategies, it is necessary to raise
awareness and promote the use of PMTCT, increase healthcare workers, broaden access to
demedicalised HIV screening with “same-day test and result” strategy and increase the knowl-
edge of pregnant women about all aspects of HIV. Moreover, because HIV-infected pregnant
women are undergoing psychological distress, healthcare must provide psychosocial support
and accompaniment using a friendly approach. For rural area especially in the northern part
of the country, an increasing antenatal care coverage with free access might improve access to
PMTCT. Of note, this huge difference between the Northern and the Southern part of the
country was especially observed before the implementation of option B+, demonstrating the
need of updating the MTCT prevalence data in this part of the country.

Concerning the settings (rural and urban), our study showed a high positivity rate of
MTCT in urban zone when compared to rural area (Fig 6). This observation was unexpected
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Studies Cases
Cohort

Njom 2018 39
Penda 2019 68
Njom 2013 8
Altan 2016 3
Tejiokem 2015 210
Boerma 2015 1
Tejiokem 2011 51
Nkenfou 2012 1452
Lukong 2013 12
Njom 2012 22
Tchendjou 2010 30
Subtotal 1906

Total

1086
1765
285
265
1971
285
1331
14763
174
484
418
22827

Prevalence

*-mll..lnnﬂ.lll.“.

Heterogeneity: /° = 96%, t° = 0.0052, p < 001

Cross_sectional

Nkenfou 2019 1440
Noubiap 2013 13
Fondoh 2017 62
Njom 2019 7
Mekue 2018 42
Tchendjou 2020 197
Temgoua 2015 434
Wanyu 2007 2
Ayouba 2003 13
Ou 2007 49
Kouam 2006 2
Njom 2010 2
Tscherning 2000 5
Ayouba 2003 S
Luc-Aime 2021 14
Tejiokem 2004 41
Fomelu 2009 1
Subtotal 2329

15404
112
877
120
220

2254
3789
14
119
315
18
47

23910

“‘“!ﬁ;..Af.T“T.i‘“f.-;'l'-w

Heterogeneity: /* = 82%, <> = 0.0014, p < 0:01
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Fig 8. Forest plot of the prevalence of the MTCT according to study design.
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https://doi.org/10.1371/journal.pone.0278670.9008

because in general, a poor patients’ monitoring, recurrent ARV stock out and poor ART
adherence is common in rural settings [57]. The higher rate in urban settings here should be
interpreted with caution as most of the included studies in this review were conducted in
urban settings (22 studies) versus only three studies in the rural settings. This result demon-
strates the need of conduct more surveys related to MTCT in order to accurately estimate the
burden of MTCT in rural areas and identify its associated risk factors.
Regarding gender, female infants had a higher positivity rate when compared to male infants,
this is mostly attributed to the increased risk of intrauterine HIV infection in female children [58].
Despite the 25% reduction observed in MTCT following the implementation of Option B+ as
from 2014 in Cameroon, this review shows that, the main predictor of MTCT remains the
absence of PMTCT interventions. HIV exposed infants without exposure to any form of PMTCT
intervention for prophylaxis had 5.40 odds to acquire HIV infection. This finding was in line with
a study conducted in similar settings [59], suggesting that not initiating infant ART prophylaxis is
indeed an important risk factor for MTCT [60, 61]. Similarly, infants born from mothers who did
not receive PMTCT had 3.59 odds of being infected by HIV. This finding is also in line with stud-
ies conducted in Ethiopia and Kenya where infants whose mother couldn’t get PMTCT interven-
tions had 5.10 odds of HIV transmission [54, 62, 63]. This might be due to the fact that without
maternal ART during pregnancy, active viral replication could favor MTCT [59, 63], and longer
duration of ART during pregnancy was associated with suppressed viral load at delivery [64].
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Study Odds Ratio OR 95%-Cl Weight

No PMTCT intervention among Mother|

Nkenfou, 2019 349 [3.11; 392] 129%
Noubiap, 2013 — 921 [1.15; 7363] 24%
Fondoh, 2017 B 193 [1.14; 326] 10.2%
Njom, 2019 — 040 [0.08; 186] 3.7%
Temgoua, 2015 799 [6.42; 994] 125%
Penda, 2019 L 3 398 [224; 710) 97%
Njom, 2012 i 9.03 [366; 2228] 7.1%
Luc-Aime, 2021 —— 027 [0.01; 538 1.3%
Random effects model * 3.59 [215; 599] 59.7%
Heterogeneity: /* = 90%, 15 = 66.78 (p < 0.01)

No PMTCT intervention among Child

Nkenfou, 2019 317 [277; 363] 129%
Noubiap, 2013 — 1563 [1.96;124.89) 2.4%
Fondoh, 2017 - 230 [0.86; 6.14] 65%
Njom, 2019 84.00 [7.08;996.25] 1.8%
Temgoua, 2015 9.16 [7.26; 11.57] 12.4%
Njom, 2013 T 296 [0.57; 1539] 3.4%
Wanyu, 2007 e 1.53 [0.05; 49.80] 1.0%

Random effects model -> 5.40 [2.58; 11.27] 40.3%
Heterogeneity: /° = 91%, 72 = 69.04 (p <0.01)

Random effects model 0 4.22 [2.97; 6.01] 100.0%
Heterogeneity: /* = 90%, x5, = 136.69 (p <0/01) T 1
001 01 1 10 100

Fig 9. Association between MTCT of HIV and prevention of mother-to-child transmission intervention.

https://doi.org/10.1371/journal.pone.0278670.9009

Our data did not show an association between MTCT and mixed feeding mode, but many
studies previously reported an association between MTCT and mixed feeding mode. Our findings
were unexpected because it is already known that mixed feeding mode may cause laceration of
gastrointestinal mucosa which promotes a favorable environment for the viral entry into the
bloodstream and then to the target cells [65]. This lack of association in our analysis could be
mainly due to insufficient and/or erratic data. In the same vein, no significant association found
between MTCT and delivery route and again, this could be explained by the insufficient data.
Recent studies are therefore needed to provide more data on this aspect, especially in the context
of the highly potent and modern ART. Cameroon is one of the priority countries for the elimina-
tion of MTCT, but to reach this goal, it will be important to improve on other key determinants
of health such as education (of especially women and young girls), healthcare access, economic
empowerment of the communities and other potential modifiable factors [66, 67]. For example,
improvement in the sensitization and case detection through technological innovation could play
a crucial role in addressing some of the unmet medical needs related to PMTCT [66, 68].

Lastly, data on the profile of HIV-1 reservoirs especially regarding genotypic part in pediatric
populations represent a major gap in the Cameroonian context. This observation shows that
more research is warranted to characterize the HIV-1 reservoir among pediatric population,
which is still of concern in developing countries. This is a disturbing concept in settings like
Cameroon and SSA where there is an increasing number of children living with HIV, and
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ensuring a safe lifelong treatment for this vulnerable population requires the development of
strategies to ensure a long-term control of viral replication or a functional cure. Implementing
such investigation warrants the identification of research priorities on the genotypic patterns of
cellular reservoirs, functional properties of latent versus active viral sanctuaries, and attempts
toward the implementation of clinical trials for a long-term control of HIV infection in the pop-
ulation of vertically-infected children in SSA.

Our study has some limitations. As it is the case with most systematic review and meta-
analysis design, the lack of some data and the heterogeneity across studies might have con-
founded some of our results. The time-trend analysis was not performed because of the lack of
prevalence data in some years. Also, our results might not be fully representative due to the
scarcity of studies in some regions.

Conclusion

The pooled prevalence of MTCT in Cameroon is high (about 7%), with considerable geo-
graphical disparities across regions. Poor PMTCT coverage and sub-optimal interventions
both in the child and the mother are associated with an increased MTCT rate. Despite its
decrease following the implementation of Option B+, Cameroon still has a long way in elimi-
nating MTCT. Specific interventions for ensuring elimination of MTCT should focus on the
northern regions of the country, and sex-vulnerability in vertical transmission. Furthermore,
remain a major gap is the lack of community-provision of ART to infected mothers and their
children. For infected children, effective and lifelong viral control in a SSA country like Cam-
eroon required a further understanding of the diversity of viral reservoirs and strategies toward
a functional cure.
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