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Trends and effects of antiretroviral therapy =

coverage during pregnancy on mother-to-child
transmission of HIV in Sub-Saharan Africa.
Evidence from panel data analysis
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Abstract

Background: Antiretroviral therapy for pregnant women infected with HIV has evolved significantly over time, from
single dosage antiretroviral and zidovudine alone to lifelong combination of antiretroviral therapy, but the effect of
the intervention on population-level child HIV infection has not been well studied in sub-Saharan Africa. Therefore,
this study aimed to establish the trend and effect of ART coverage during pregnancy on mother-to-child HIV trans-
mission in sub-Saharan Africa from 2010 to 2019.

Methods: Country-level longitudinal ecological study design was used. Forty-one sub-Saharan Africa countries were
included using publicly available data from the United Nations Programme on HIV/AIDS, World Health Organization,
and World Bank. We created a panel dataset of 410 observations for this study from the years 2010-2019. Linear fixed
effects dummy variable regression models were conducted to measure the effect of ART coverage during pregnancy
on MTCT rate. Regression coefficients with their 95% confidence intervals (Cls) were estimated for each variable from
the fixed effects model.

Results: ART coverage during pregnancy increased from 32.98 to 69.46% between 2010 and 2019. Over the same
period, the rate of HIV transmission from mother to child reduced from 27.18 to 16.90% in sub-Saharan Africa. A
subgroup analysis found that in southern Africa and upper-middle-income groups, higher ART coverage, and lower
MTCT rates were recorded. The fixed-effects model result showed that ART coverage during pregnancy (3=— 0.18,
95% Cl — 0.19-— 0.16) (p < 0.001) and log-transformed HIV incidence-to-prevalence ratio (=541, 95% C| 2.18-8.65)
(p<0.001) were significantly associated with mother-to-child HIV transmission rate.

Conclusions: ART coverage for HIV positive pregnant women and HIV incidence-to-prevalence ratio were signifi-
cantly associated with MTCT rate in sub-Saharan Africa. Based on these findings we suggest countries scale up ART
coverage by implementing varieties of proven strategies and control the HIV epidemic to achieve the global target of
eliminating MTCT of HIV in the region.
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Background

In the past two decades, various global health programs
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on HIV/AIDS (UNAIDS) categorized these interventions
into four prongs: [1] preventing HIV infection among
women of childbearing age; [2] preventing unintended
pregnancies among women living with HIV; [3] provid-
ing antiretroviral therapy (ART) to HIV positive pregnant
women to prevent HIV transmission from women living
with HIV to their infants; and [4] providing appropriate
treatment, care, and support to mothers living with HIV,
their children, and families (2, 3].

The provision of ART to HIV positive pregnant women
is one of the interventions (prong 3) in the prevention
of mother-to-child transmission of HIV (PMTCT) con-
tinuum of care [4]. As a result, ART coverage during
pregnancy at a national level has been identified as one
of the process indicators by the World Health Organiza-
tion [5]. This strategy to prevent mother-to-child HIV
transmission has evolved through three iterations, with
the application of a particular indicator dependent on the
resources within a country [6]. Option A specifies antiret-
roviral prophylaxis for HIV-infected pregnant women
with a cluster of differentiation 4 (CD4) cell counts > 350
cells/mm?® from 14 weeks of gestation alongside infant
nevirapine (NVP) prophylaxis throughout breastfeeding,
or lifelong triple ART for HIV infected pregnant women
with CD4 cell counts < 350 cells/mm?® or WHO stage 3—4
disease with six weeks of infant NVP prophylaxis. Option
B specifies triple ARV drug regimens for the mother
throughout pregnancy and breastfeeding, with cessation
after weaning [7]. Option B+ specifies triple ARV drug
regimens for pregnant mothers regardless of maternal
CD4 cell counts and which continue throughout life,
including throughout breastfeeding and subsequent
pregnancies [8].

A number of global health programs with the objective
of reducing HIV/AIDS prevalence have been established
including: UNAIDS 90-90-90 HIV treatment target by
2020 [9]; the Millennium Development Goals (MDG’s)
to halt and reverse the spread of HIV/AIDs by 2015
[10]; the UNAIDS global plan towards the elimination of
new HIV infection among children by 2015 [9-11] and
the revision of PMTCT guidelines in resource-poor set-
tings in 2010 and 2013 [7, 8]. Following implementation
of these programs, the eligibility criteria to initiate ART
for PMTCT of HIV has meaningfully improved. This sig-
nificantly increased the number of HIV positive pregnant
women on ART treatment to 85% globally [12—16]. Like-
wise, the number of pregnant women living with HIV
receiving ART has increased from 14% in 2010 to 84% in
2019 [17] in sub-Saharan Africa (SSA). This has led to a
70% reduction in new HIV infections amongst children
worldwide [16, 18] and 41% reduction in new HIV infec-
tions amongst children in SSA, with remarkable reduc-
tions in Botswana (85%), Rwanda (83%), Malawi (76%),
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Namibia (71%), Zimbabwe (69%), and Uganda (65%) [15].
Moreover, AIDS-related deaths amongst children were
also reduced by 44% in most HIV-affected SSA countries
[19].

Currently, the global communities have committed to
the elimination of mother-to-child transmission of HIV
(EMTCT) with targets of MTCT rate < 5% (breastfeeding
countries) OR <2% (non-breastfeeding countries) by 2030
[5]. The new Sustainable Development Goals (SDGs)
place a heightened emphasis on the PMTCT in the con-
text of better health for mothers and their children [20,
21]. Furthermore, the UNAID has designed a fast-track
strategy to assist countries to accelerate progress towards
meeting the 95-95-95 goals by 2030 [22]. This effort aims
for 95% of people living with HIV to know their HIV sta-
tus, 95% of HIV positive people to receive treatment, and
95% of people on HIV treatment to have a suppressed
viral load. The ultimate goal is to achieve zero new HIV
infections by 2030 including eliminating new HIV infec-
tions among infants born to HIV positive mothers and
promoting the health status of mothers [22].

However, evidence have shown that progress towards
the targets remains too slow and an unacceptably high
number of children continue to be infected with HIV
[8, 10]. Many countries with the highest burden of HIV
infection are not on track to end the HIV epidemic by
2030 [23-25]. Worldwide, around 1.8 million children
were living with HIV worldwide in 2019; which is three
times higher than the United Nations Programme on
HIV/AIDS (UNAIDS) 2020 target [13]. Particularly, sub-
Saharan Africa is home to nearly 90 per cent of all chil-
dren living with HIV worldwide [26]. Additionally, 61% of
new HIV infections [27] and 73% of the deaths occurred
in SSA alone [28]. Furthermore, the rate of mother-to-
child HIV transmission exceeded the level of 12.2% in
the year 2019, reflecting the huge burden of HIV/AIDS
amongst children in SSA [17].

United nation member states prepare the latest annual
estimates of key HIV indicators (e.g. HIV prevalence,
HIV incidence, ART coverage, and mother to child HIV
transmission) which are used for national planning and
published by UNAIDs and WHO each year [30]. How-
ever, the UNAIDS and WHO reports do not include
detailed analysis of the data and thus the effects of
antiretroviral coverage during pregnancy on child HIV
infection are not known. Therefore, the main aim of this
study is to establish the trend and effect of ART cover-
age during pregnancy on the rate of mother-to-child HIV
transmission in SSA using panel data from 2010 to 2019.
The findings are anticipated to contribute to a better
understanding of the population-level effects of ART cov-
erage to reduce new children infected with HIV through
mother-to-child transmission in SSA. The findings will
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provide information for action, which is vital for policy
implementation and monitoring the region’s progress
towards the SDGs and UNAIDS targets of eliminating
HIV among children by 2030 [31, 32].

Methods

Study design and setting

In this study, we used a longitudinal ecological study.
Aggregated country-level data were collected from 41
sub-Saharan countries for the years 2010-2019, yield-
ing a total of 410 observations for the analysis. Countries
included in this study were: Angola, Benin, Botswana,
Burkina Faso, Burundi, Cameroon, Central African
Republic, Chad, Congo-Brazzaville, Cote d'Ivoire, Dem-
ocratic Republic of Congo, Djibouti, Equatorial Guinea,
Eritrea, Ethiopia, Gabon, Gambia, Ghana, Guinea,
Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar,
Malawi, Mozambique, Namibia, Niger, Nigeria, Rwanda,
Senegal, Sierra Leone, Somalia, South Africa, South
Sudan, Sudan, Tanzania, Togo, Uganda, Zambia, and
Zimbabwe.

Data sources
We used country-level data collected by the United
Nations from each member state by specialized agen-
cies of the United Nations (WHO, World Bank, and
UNAIDS). Three official websites were used as a source of
data for this study: UNAIDS for HIV/AIDS specific data
[30], WHO for health data in general [33], and World
Bank for countries income level [34]. Most of the data
submitted by member states were validated/verified by
the agency (UN), while some were direct reports submit-
ted by member states from findings of national surveil-
lance, national surveys, census, vital statistics, modelled
prediction (forecasts), and large surveys/research studies.
The variables/indicators for this study were selected
based on their expected effects on child HIV infection
and the completeness of the data throughout the coun-
tries. Accordingly, HIV prevalence, HIV incidence-
to-prevalence ratio, population size, MTCT rate, ART
coverage for PMTCT of HIV, adult ART coverage and
married/in union women’s satisfaction towards mod-
ern family planning services were selected. Data were
extracted by the investigators using a Microsoft Excel
checklist designed for this purpose. All variables were
defined according to their standard definitions provided
by the source of the variables (UNAIDS, WHO, or World
Bank) (Table 1).

Variables (indicators)

Dependent variable

The dependent variables for this study were child HIV
infection from mother-to-child transmission, which is
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measured by mother-to-child HIV transmission rate.
Mother-to-child HIV transmission rate was defined as
the percentage of children newly infected with HIV from
mother-to-child transmission per woman living with
HIV who birthed in the previous 12 months [35]. We
chose to use mother-to-child HIV transmission rate as an
outcome measure because (i) preventing mother-to-child
transmission of HIV is the ultimate goal of PMTCT pro-
grams, (ii) it is a standardized measure that applies across
all sub-Saharan countries, and (iii) it provides a measure
that is comparable across countries with a different num-
ber of HIV positive women.

Independent variable

The key independent variable in this study was ART cov-
erage during pregnancy. This was defined as the percent-
age of pregnant women living with HIV who received
ART to prevent the risk of mother-to-child transmis-
sion of HIV in the last 12 months (excludes single-dose
nevirapine) [36]. The use of ART suppresses viral load
and restores partial immunity of HIV infected women [7,
37] so that exposure to the virus by the baby is reduced
whilst in the uterus, during birth, and while breastfeed-
ing. Therefore, we hypothesize that as the ART cover-
age during pregnancy increases, the rates of vertical HIV
transmission would decline at the national level.

Control variables
We controlled in this study the following variables:

» Population age 15-65 years: to control for different
country demographic structures.

o Adult ART coverage: though the primary goal of
adult ART is reducing morbidity and mortality with
HIV/AIDS by suppressing viral replication in the
body, it also halts onward transmission of the virus
through sexual intercourse [38—-40]. Therefore, we
hypothesized that as treatment coverage and viral
suppression rates amongst adults who are HIV posi-
tive increase, women’s risk of HIV acquisition tends
to decrease, and this reduction will correlate with a
reduction of MTCT rates [41].

+ Prevalence of HIV: the assumption is that in coun-
tries where more people are infected with HIV,
MTCT of HIV continues to be a major challenge.

+ Incidence-to-prevalence ratio: we hypothesized that
the risk of MTCT may be higher when the incidence-
to-prevalence ratio becomes higher because acute
HIV infection is characterized by very high plasma
viral loads and consequently high titres within the
cervicovaginal fluid and breast milk. These high viral
concentrations contribute to an increased risk of
transmission, often almost immediately, even before
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Table 1 Description of variables (indicators), year and data sources for this study
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Variables (indicators) Description Years Data sources
Dependent variable
Mother-to-child HIV transmission (MTCT) rate  Percentage of children newly infected with HIV from 2010-2019 UNAIDS AIDS info
mother-to-child transmission per woman living with HIV
who birthed in the previous 12 months
Independent variable
Antiretroviral therapy coverage during preg-  Percentage of pregnant women living with HIV who 2010-2019 UNAIDS AIDS info
nancy for PMTCT of HIV received antiretroviral therapy to reduce the risk of mother-
to-child transmission of HIV by 12 months (excluding single
dose nevirapine only)
Control variables
HIV prevalence rate The number of adults aged 15-49 years with HIV infection ~ 2010-2019 UNAIDS AIDS info
expressed as a percent of the total population in that age
group in the preceding 12 months
Incidence-to-prevalence ratio The number of new HIV infections occurring per year in a 2010-2019 UNAIDS AIDS info
population divided by the number of persons living with
HIV'in the same population
Adult antiretroviral therapy coverage (ART) The percentage of people aged 15-45 on antiretroviral 2010-2019 UNAIDS AIDS info
therapy amongst all HIV positive people within the same
age group in the preceding 12 months
Married/in union women'’s satisfaction Percentage of women of reproductive age (15—49 years), 2010-2019 World Health Organization
towards modern family planning services either married or in a union, who have their need for family
planning satisfied with modern methods in the preceding
12 months
Population age 15-65 years Population age group 15-65 years expressed as a percent-  2010-2019  World bank
age of the total population in the preceding 12 months
Income group classification Based on the world bank for 2020 fiscal year GNI per capita 2019 World bank

countries were classified as Low-income (< $1,035); lower-
middle-income (51,036-54,045); upper-middle-income
economies ($4,046-512,535); and high-income countries
(>$12,536) GNI per capita

routinely identifiable anti-HIV antibodies have been
developed [42, 43].

+ Women’s satisfaction towards modern family plan-
ning services: In general, family planning (EP) service
plays an important role in preventing unintended
pregnancies. Particularly, for couples living with
HIV who do not wish to become pregnant, family
planning offers the added benefit of helping prevent
mother-to-child transmission of HIV. Furthermore,
users’ satisfaction towards family planning services
can be used as an indicator to assess the quality of
FP services given by health facilities in a given coun-
try [44]. Therefore, we hypothesized that in a coun-
try with good quality of FP services, the likelihood of
unintended pregnancy among HIV positive women
is less. And if the pregnancy is intended, women are
more likely to seek PMTCT of HIV services.

Statistical analysis

ART coverage during pregnancy, MTCT rate, HIV
prevalence, incidence-to-prevalence ratio, adult ART
coverage, population size, and satisfaction on modern

family planning services data were extracted from dif-
ferent sources and checked for completeness in Micro-
soft Excel. The data were reshaped from wide format to
long format using STATA Version.14.2 to fit the model
requirements for panel data analysis. Then, descrip-
tive analysis of each variable/indicator in the study was
undertaken. The changes over time in ART coverage and
MTCT rate were described numerically across countries
and regions.

We also conducted a panel data analysis, taking MTCT
rate as an outcome variable, regressed on ART coverage
during pregnancy and other covariates. Countries found
in SSA were identified as units or entities of observation
in yearly time points between 2010 and 2019. Firstly, a
Breusch-Pagan Lagrange multiplier (LM) test was con-
ducted to decide whether panel regression was appropri-
ate. The null hypothesis in the LM test was that variances
across countries were zero or indicating no significant
difference across countries (no panel effect). With the
null hypothesis of the LM test rejected (P-value <0.001),
we concluded that panel regression was appropriate,
which means that there was evidence of significant differ-
ence or variances across countries. Therefore, we applied
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a panel regression model, to estimate the effect of ART
coverage for PMTCT and other co-variables on MTCT
rate. We constructed the equation as follows:

yit = BO + B1X1it + B2X2it + B3X3it + B4X4it + sit

where: yit is the dependent variable in our case ART
coverage for PMTCT, where i = country and ¢t=time. XJ,
X2, X3, and X4 represent the independent variables that
include ART coverage during pregnancy for PMTCT,
HIV prevalence, incidence-to-prevalence ratio, adult
ART coverage, and family planning satisfaction. 1 is a
coefficient for the explanatory variables to be estimated,
B0 is the constant intercept and et is the error term.
Logarithmic transformation of variables was undertaken
where appropriate. Then, the linear fixed-effects and ran-
dom-effects models were estimated for the panel. For the
latter, we checked for multivariate normality using Mar-
dia’s multivariate normality test. The selection of the final
model was based on Hausman test [45] which was carried
out to test whether the null hypothesis (H,) of random
effects was appropriate against the alternative hypothesis
(H,) of fixed effects. The Hausman test resulted in the
rejection of H (p-value<0.001). Accordingly, the results
from the linear fixed effects regression model were
taken as more appropriate for discussion in this study.
To control for endogeneity bias that arises owing to a
time-invariant omitted variable; fixed effect dummy vari-
able regression was conducted [46, 47]. Robust standard
errors were calculated in the linear fixed effects dummy
variable regression models. All statistical analyses were
conducted using STATA Version.14.2 (Stata Corp, Col-
lege Station, TX, USA). Regression coefficients with their
95% confidence intervals (Cls) were obtained from linear
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fixed effects model to measure the effect of ART coverage
during pregnancy on MTCT rate.

Results

Table 2 presents the descriptive statistics for vari-
ables used in this study. From the total population
found in SSA, the proportions of persons aged 0-14
and 15-65 years were stable at around 41% and 55% of
the total population respectively. The ART coverage for
PMTCT of HIV was expanded substantially from 32.98%
in 2010 to 69.46% in 2019 for HIV positive pregnant
women. In the same period, the rate of mother-to-child
HIV transmissions fell from 27.18 to 16.90 per 100 live
births from HIV positive mothers. The mean prevalence
of HIV/AIDS amongst the population within the repro-
ductive age group was 4.86% (6.02% amongst females
and 3.74% amongst males). The mean incidence-to-
prevalence ratio of HIV/AIDS and the level of women’s
satisfaction towards modern family planning services for
the whole study period was 5.80 and 43.11% respectively
(Table 2).

Antiretroviral therapy coverage during pregnancy

and mother-to-child HIV transmission rates at national
level

ART coverage varied from country to country, rang-
ing from 4% in Sudan to 100% in Benin, Botswana,
Malawi, Mozambique, Namibia, and Uganda in 2019.
Countries such as Benin, Botswana, Guinea, Malawi,
Mozambique, Namibia, South Africa, Rwanda, and
Uganda have achieved the 95% global target, whereas
Sudan, Congo, Somalia, Madagascar, and Angola lagged
with ART coverage of less than 30% in 2019 (Fig. 1B).

Table 2 Descriptive statistics for selected variables used in the study from 2010-2019, Sub-Saharan Africa

Variables/indicators 2010 (n=41) 2019 (n=41) 2010-2019 (n=410)

Mean Std. Error Mean Std. Error Mean Std Error Min Max
Population aged under 14 years 42.88 0.6907659 41.39 0.7032865 42.27 02212159 28.96 50.26
Population aged 15-65 years 54.12 0.6156483 55.53 0.6141862 54.71 0.1957813 47.18 66.18
Population age above 65 years 3.00 0.1019645 3.08 0.1179340 3.02 0.0342674 1.87 541
ART coverage for PMTCT 3298 3410974 69.46 4.2200306 57.46 1.3920537 0 100
Mother to child HIV transmission rate 2718 1.1183317 16.90 14017919 20.90 04421940 1.93 43.23
Prevalence of HIV(Total) 5.06 0.9548951 4.54 0.9037194 4.86 0.2956153 0.1 24.6
Prevalence of HIV(Female) 6.20 1.1502358 572 1.1200732 6.02 0.3604081 0.1 296
Prevalence of HIV (Male) 3.97 0.7606018 343 0.6964436 3.74 02322172 0.1 19.7
HIV Incidence-to-prevalence ratio 7.7 04661465 4.66 0.3993246 5.80 0.1457502 1.94 20.56
ART coverage for age 15+ yrs. (Total) 21.90 1.8675024 5873 3.2989333 39.75 1.0378421 2 90
ART coverage for age 15+ yrs. (Female) 22.63 2.065323 64.68 3.5193617 43.60 1.1382779 2 98
ART coverage for age 15+ yrs. (Male) 2148 1.7851426 4943 3.2606395 34.27 0.9414865 2 85
Satisfaction on modern family planning 3741 3.0792546 4829 3.124545 43.11 1.0036113 53 86.6
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Between 2010 and 2019, most countries experienced a
significant increase in ART coverage for pregnant women
(Fig. 1A and 1B). The highest expected annual percent-
age change was observed in Benin (EAPC=10.9%, 95%
CL: 5.76-14.26%), followed by Liberia (EAPC=8.21%,
95% CI: 7.55-10.67%), Malawi (EAPC=7.51%, 95% CI:
5.53-9.49%) and Mozambique (EAPC=7.06%, 95% CI:

3.49-10.62%). Only in three countries—Congo-Brazza-
ville (EAPC=— 1.60%), Gambia (EAPC=-2.67% and
Niger (EAPC =— 3.08%)-did the expected annual cover-
age percentage change show a reduction (Fig. 1C).

Figure 2 shows differences in the reduction of MTCT
rate across SSA countries. Among the 41 countries
included in the analysis, only three countries (Botswana,
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Namibia, and South Africa) have achieved less than 5%
MTCT rate in 2019. In the same year, in countries such
as Djibouti, Madagascar, Somalia, and Sudan more
than 30% MTCT rate was recorded (Fig. 2B). The high-
est MTCT rate reduction per year was documented in
Malawi (EAPC=2.17%, 95% CIL: 1.55-2.79%), followed
by Benin (EAPC=2.07%, 95% CI: 1.65-2.5%) (Fig. 2C).

Antiretroviral therapy coverage during pregnancy

and mother-to-child HIV transmission rate in sub-Saharan
Africa by regions and income groups

Figure 3 highlights regional and income groups’ differ-
ences in ART coverage from 2010-2019. The propor-
tion of HIV positive pregnant women receiving ART
increased from 32.98% to 69.46% in SSA, with an esti-
mated 3.84% increase (95% CI: 2.73-4.95%) each year
(Pireng <0.001). In the same period in Southern Africa,
it increased from 68.75 to 95.25%, in West Africa from
34.85 to 70.85%, in East Africa from 28.56 to 67.19%,
and Central Africa from 20.88 to 58.88%. The estimated
annual percentage change was 4.24% (95% CI: 2.86—
5.62%) for central Africa, 3.94% (95% CI: 2.97 to 4.91%)
for West Africa, 3.87% (95% CI: 2.44-5.30%) for East
Africa, and 2.59%, (95% CI: 1.75-3.43%) for Southern
Africa; Py nq<0.001 for all regions (Fig. 3a).

The upper-middle-income category had ART cov-
erage of 49.8% in 2010 and 83.2% in 2019. In the
lower-middle-income category it was 36.14% in 2010
and 71.29% in 2019. Whereas in the lower-income
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countries, it increased from 27.14% to 65.18% between
2010 and 2019. The estimated annual percentage
increases was 4.01% (95% CI: 2.70-5.32%) for upper-
middle-income, 3.83% (95% CI: 2.68—4.98%) for lower-
middle-income, 3.81%, (95% CI: 2.67-4.95%) for
lower-income countries; Py..,q<0.001 for all income
groups (Fig. 3b).

Figure 4 shows the trend of MTCT rate per 100 HIV
positive women who gave live birth in SSA by region
and income group. Over the ten years, there has been a
significant decline in the overall MTCT rate, decreasing
from 27.18% in 2010 to 16.90% in 2019. This represents
a 38% decrease or a fall of 1.15% per study year across
the region (95% CIL: — 1.38—— 0.92%), (Pyenq<0.001).
However, the trend depicts a variation across regions.
The highest MTCT rate was in Central Africa (from
28.63 to 18.75%), and the least was in Southern Africa
(15.32-4.44%) (Fig. 4a). Likewise, the MTCT rate
of HIV in lower-income countries decreased from
29.82% in 2010 to 19.27% in 2019, with an estimated
1.14% decrease each year (95% CI: — 1.38—— 0.91%),
(Pireng < 0.001). The upper-middle-income category has
remained with the lowest MTCT rate across time in
SSA (18.95% in 2010 to 8.33% in 2019) (Fig. 4b).

Furthermore, we have assessed the correlations
between ART coverage during pregnancy and MTCT
rate in SSA (Fig. 5). The result suggested the pres-
ence of a significant negative correlation (r=— 0.908,
p<0.001). This means that countries with higher ART
coverage tended to have a lower MTCT rate.
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The effect of antiretroviral therapy coverage

during pregnancy on mother-to-child HIV transmission
rate

Based on the Hausman test the fixed-effects model was
selected over the random-effects model to estimate

the effect of ART coverage during pregnancy and other
covariables on mother-to-child HIV transmission.
Accordingly, the result from the fixed-effects model
showed that increasing ART coverage during pregnancy
for PMTCT reduced mother-to-child HIV transmission
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at a 5% level of significance. This implies that a 1%
increase in ART coverage during pregnancy leads to a
reduction of MTCT rate by 0.18% (p=— 0.18; 95% CI
— 0.19—— 0.16) (p<0.001). Also, a one-unit increment
in the log-transformed value of incidence-to-prevalence
ratio of HIV significantly raised the HIV transmission
rate by 5.41% or there would be more than 5 child HIV
infections per 100 HIV positive women who birthed in a
single year (B=5.41; 95% CI 2.18-8.65) (p<0.001). The
log-transformed HIV prevalence, adult ART coverage,
and married/in union women’s satisfaction towards mod-
ern family planning services were not significantly associ-
ated with MTCT rate (Table 3).

Discussion
This study revealed that in the past decade, since the
implementation of the revised PMTCT guidelines by
WHO in 2010 [7], the ART coverage for pregnant women
in SSA increased from 32.98 to 69.46% with the highest
ART coverage in Southern Africa and lowest in Cen-
tral Africa. In the same period, the rate of MTCT had
reduced from 27.18 to 16.90%; the highest and the low-
est MTCT rate had occurred in Central and southern
Africa respectively. Furthermore, we found that com-
paring income groups, the upper-middle-income group
achieved the highest ART coverage (49.8% in 2010 to
83.2% in 2019) and the lowest MTCT rate (18.95% in
2010 to 8.33% in 2019). Except for the Southern Africa
region, other regions were far below the desired global
targets of achieving both ART coverage for PMTCT of
HIV>95% and MTCT rate of <5% by 2030 in the breast-
feeding population [5, 22].

Despite encouraging progress, wide disparities in
MTCT rates existed across countries. For instance,
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in Botswana, Namibia, and South Africa less than
5% MTCT rates were achieved in 2019. While in Dji-
bouti, Madagascar, Sudan, and Somalia the MTCT
rate amongst children born from HIV-positive women
exceeded 30% in the same year. Furthermore, the relative
decline in the MTCT rates as ART coverage increased
varied from county to country. For instance, from the
nine countries which have achieved the global target of
over 95% ART coverage during pregnancy in 2019, only
three countries (Botswana, Namibia, and South Africa)
were able to reduce the MTCT rate below 5%. These vari-
ations might be due to differences in the PMTCT policy
guidelines that have been implemented across countries,
the timing of ART initiation during pregnancy [48-52]
and the non-completion of the PMTCT cascades (from
HIV testing, treatment, birth, and breastfeed recommen-
dations to early infant diagnosis) amongst mothers [53—
60]. Moreover, programmatic, contextual and financial
challenges faced by healthcare systems in lower perform-
ing countries may have also contributed to this varia-
tion by limiting women’s access to appropriate PMTCT
interventions [61]. Barker and his colleagues (2011) also
concluded that the introduction of more effective combi-
nation ART interventions will yield only marginal reduc-
tions in childhood HIV infections unless health systems
achieve high levels of performance at each step of the
PMTCT pathway [62].

The fixed-effects model showed a 1% increase in
ART coverage for HIV positive pregnant women that
corresponded to a 0.18% decrease in the risk of child
HIV infection through mother-to-child transmission
(B=— 0.18; 95% CI — 0.19—— 0.16). This is consist-
ent with previous studies conducted in Cameroon, Cote
D’Ivoire, South Africa, Zambia [63], Uganda [64], and

Table 3 The effects of ART coverage during pregnancy on mother-to-child HIV transmission in sub-Saharan African countries

Variable Fixed effects dummy variable model

Estimate Robust Std. Err 95% Cl P-value
ART coverage for PMTCT —0.18* 0.0088 —-0.19 —0.16 <0.001
Population aged 15-65 years —0.12 02114 — 053 0.29 0.561
Ln-incidence-to-prevalence ratio 541 1.6439 218 8.65 <0.001
Adult ART coverage (Total) —001 0.0249 —0.05 0.04 0.831
Ln-HIV prevalence (Female) — 048 1.1362 —2.71 1.75 0.673
Ln-HIV prevalence (Male) —0.60 0.9775 — 252 132 0.538
Satisfaction on modern family planning —0.02 0.0475 —0.06 0.1 0.586
Constant 25.21 12.2880 1.04 49.39 0.041
R-squared 98.2%
Number of observations 410
Number of countries 41

*significant at 5% level



Astawesegn et al. BMC Infectious Diseases (2022) 22:134

Namibia [52]. This finding may reflect that when the
proportion of HIV positive pregnant mothers who are
accessing ART increases, suppression of viral load and
restoration of the immunity system would be achieved—
that is the last 95 of UNAIDS 95-95-95 treatment goals
[7, 37]. When maternal viral load suppressed the baby
is exposed to fewer viruses whilst in the uterus, during
birth and the breastfeeding period [22], the risk of child
HIV infection through vertical transmission is lessened.
Moreover, since maternal ART use during pregnancy is
the primary prevention of HIV infection in the child, this
finding also has an implication in reducing healthcare
costs associated with child HIV treatment, support, and
care. Hence, tailored interventions to scale up ART use
amongst HIV positive pregnant women such as health-
systems strengthening, decentralizing ART services into
primary health facilities, providing full range of HIV ser-
vices (i.e., HIV testing and counselling, HIV care, and
ART) at a single site, integrated HIV services with mater-
nal and child health services and community/partner
support would appear to be very important.

We also found that an increased log-transformed HIV
incidence-to-prevalence ratio is significantly associated
with a higher MTCT rate (p=5.41; 95% CI 2.18— 8.65).
This might be due to the infectiousness of incident cases
(early HIV infection period) compared to the prevalent
cases (chronic HIV infection period) [22, 65]. Acute HIV-
infected individuals are more likely to have elevated viral
loads and no/low antibodies against HIV [22, 66]. This
means that, in countries with a higher HIV incidence-
to-prevalence ratio, there would be an increased com-
munity-level viral load. It is also known that in a country
with a higher community viral load, pregnant and breast-
feeding women are highly susceptible to HIV—that is
they are more likely to be infected by HIV than non-
pregnant/non-breastfeeding women [22, 67-70]. This
impact of HIV on pregnant and breastfeeding women
would also increase the chances of child HIV infection
through mother-to-child transmission[71]. Studies have
showed that in comparison to women who are already
living with HIV, the risk of MTCT is higher amongst
newly infected HIV positive pregnant or breastfeeding
women [65, 71, 72]. Women who are newly infected with
HIV during pregnancy have an 18% chance of transmit-
ting HIV to their newborn child and if this occurs during
the breastfeeding period, the probability may be as high
as 27% [65, 73].

Our study has several strengths. Firstly, this was the
first study to use a panel data model of fixed effects and
examine population-level effect of ART coverage during
pregnancy on child HIV infection in SSA. Monitoring
the effect of ART coverage on MTCT rate over time is
important to inform relevant evidence for policy actions.
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Secondly, the study used variables that were defined sim-
ilarly across countries and the panel data were strongly
balanced (all countries have data for all study years).
Thirdly, since our results are based on the fixed-effects
models we accounted for all time-invariant unobservable
factors which likely confounded the relationship between
ART coverage and MTCT rate. As a limitation, impor-
tant time-variant confounding variables that may have
affected MTCT of HIV such as infant ARV prophylaxis
coverage and breastfeeding practice were not included in
the analysis due to lack of data at the country level. Given
the ecological nature of the study design, the findings
are also subjected to ecological fallacy. Therefore, it is
impossible to use the country-level findings of this study
for ascertaining individual or community-level decision-
making. Finally, although this study highlights important
associations, it does not demonstrate causality.

Conclusions
This study was designed to assess the trend and effect
of ART coverage during pregnancy on mother-to-child
HIV transmission in sub-Saharan Africa using longitu-
dinal panel data. Since 2010, ART coverage during preg-
nancy has significantly reduced population-level child
HIV infection through MTCT in SSA. Nevertheless,
there was heterogeneity across countries, regions, and
income groups and further works are needed to elimi-
nate new HIV infections amongst children. Hence, scal-
ing up ART for HIV positive pregnant mothers remains
an important focus in SSA. Implementation of varieties
of strategies may be needed to enhance ART coverage,
such as facility-and community-based peer support [74],
male partner involvement [75], economic incentives [76],
home-based ART initiation, and integration of HIV ser-
vices into maternal and child health services [77].
Furthermore, a higher log incidence-to-prevalence
ratio was significantly associated with increased child
HIV infection in the region. Thus, countries in the region
should understand HIV epidemic to guide PMTCT
of HIV program and implement repeated HIV test-
ing strategies to screen new HIV infections either dur-
ing pregnancy, at birth, or directly thereafter strictly.
The associations between other determinants, such as
log-transformed HIV prevalence, satisfaction towards
modern family planning services, and adult ART cover-
age were not significant with the outcome variables and
need to be interpreted in the light of our ecological study
design. Finally, monitoring the effects of ART coverage
during pregnancy on MTCT of HIV should be strength-
ened in each SSA country to evaluate and tailor the
implemented PMTCT strategies.
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