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Abstract

Background: Eliminating mother-to-child HIV-transmission (EMTCT) implies a case rate target of new pediatric HIV-
infections< 50/100,000 live-births and a transmission rate < 5%. We assessed these indicators at community-level in
Mozambique, where MTCT is the second highest globally..

Methods: A cross-sectional household survey was conducted within the Manhiça Health Demographic Surveillance
System in Mozambique (October 2017–April 2018). Live births in the previous 4 years were randomly selected, and
mother/child HIV-status was ascertained through documentation or age-appropriate testing. Estimates on
prevalence and transmission were adjusted by multiple imputation chained equation (MICE) for participants with
missing HIV-status. Retrospective cumulative mortality rate and risk factors were estimate by Fine-Gray model.

Results: Among 5000 selected mother-child pairs, 3486 consented participate. Community HIV-prevalence estimate
in mothers after MICE adjustment was 37.6% (95%CI:35.8–39.4%). Estimates doubled in adolescents aged < 19 years
(from 8.0 to 19.1%) and increased 1.5-times in mothers aged < 25 years. Overall adjusted vertical HIV-transmission at
the time of the study were 4.4% (95% CI:3.1–5.7%) in HIV-exposed children (HEC). Pediatric case rate-infection was
estimated at 1654/100,000 live-births. Testing coverage in HEC was close to 96.0%; however, only 69.1% of them
were tested early(< 2 months of age). Cumulative child mortality rate was 41.6/1000 live-births. HIV-positive status
and later birth order were significantly associated with death. Neonatal complications, HIV and pneumonia were
main pediatric causes of death.

Conclusions: In Mozambique, SPECTRUM modeling estimated 15% MTCT, higher than our district-level community-
based estimates of MTCT among HIV-exposed children. Community-based subnational assessments of progress
towards EMTCT are needed to complement clinic-based and modeling estimates.
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Introduction
Elimination of mother-to-child HIV transmission
(EMTCT) is a critical milestone in ending the HIV epi-
demic globally by 2030. The World Health Organization
(WHO) defines EMTCT as a rate of < 50 new pediatric
HIV infections per 100,000 live births and a transmission
rate < 5% in breastfeeding infants, maintained for at least
1 year [1]. In 2012, with the aim of reducing mother-to-
child HIV transmission (MTCT), the WHO recom-
mended Option B+, an approach that ensured universal
lifelong treatment for pregnant women (regardless of
CD4 count) and daily nevirapine or zidovudine for their
children during the first 4–6 weeks of life regardless of
whether or not they were breastfeeding [2]. Currently,
prevention and surveillance of MTCT (PMTCT) for
HIV-exposed children (HEC) includes early infant diag-
nosis conducted between 4 and 6 weeks of life and clin-
ical follow-up until 18 months of life or until the end of
breastfeeding. Although the global number of annual
new infections in children (aged 0–14 years) has de-
creased from 230,000 to 160,000 and the associated
HIV-associated child mortality from 170,000 to 100,000
deaths (2012–2018), the absolute numbers of annual
cases remain elevated, especially in sub-Saharan Africa
[3]. In 2017, UNAIDS estimated that in Mozambique,
18,000 (95% confidence interval [CI]: 10,000–27,000)
children aged 0–14 years were newly infected with HIV
[3].
In resource-limited countries, retention in PMTCT

services is sub-optimal. Nearly 40% of HIV-exposed un-
infected children are lost to follow-up before the age of
18 months [4, 5], and less than 43% of HEC undergo rec-
ommended early testing (before 2 months of age) [6].
These children are at higher risk of infection and death
[4, 7, 8], and, without treatment, half of HIV-positive
children may die before 2 years of age [8]. Identification
of HEC as well as early diagnosis and initiation of ART
are crucial to reducing HIV-related mortality rates in
children [8].
In 2018, Mozambique accounted for 10% of global

MTCT worldwide [9], and national estimates from SPEC
TRUM and from a population-based survey showed
MTCT of 15 and 12.6%, respectively [10, 11]. SPEC
TRUM is a mathematical model recommended by
WHO to measure PMTCT program success [12]; how-
ever, estimates depend on the quality of clinical and
population data and assumptions used by the algorithm.
Contrasting these models with data from community-
based measurements within mother-child pairs is key to
understanding the final MTCT rates (i.e. after cessation
of breastfeeding) and the impact of PMTCT programs in
context [13].
We measured the EMTCT impact indicators among

HIV-exposed children in the Manhiça district in

Southern Mozambique born after country implementa-
tion of Option B+. Our results complement clinic-based
and model-based predictions to provide more accurate
progress indicators.

Methods
Study area and population
This cross-sectional household survey was conducted in
the Manhiça District in southern Mozambique. In this
semi-rural district of the Maputo province, the Centro
de Investigação em Saúde de Manhiça (CISM)‘s continu-
ous HDSS documents vital events, including pregnan-
cies, births, deaths, and migrations, since 1996 [14]. At
the time of the study, the HDSS covered a total popula-
tion of 186,000 individuals, 14% of whom were children
aged < 5-years. In the District, community HIV-
prevalence among women was estimated at 43.1% (95%
CI: 37.6–48.5%) and 29.4% (95% CI: 26.7–32.0%) [15] for
pregnant women attending antenatal consultations. This
study included all six district administrative posts: Man-
hiça, 3 Fevereiro, Ilha Josina, Calanga, Maluana, and
Xinavane.
The Manhiça District has 15 health centers, one rural

hospital, and one referral district hospital where HIV
care is offered free of charge and where Option B+ is
recommended. After birth, HEC initiate 6 weeks of nevi-
rapine, regardless of whether they were exclusively
breastfed, and were tested by polymerase chain reaction
(PCR; between 4 weeks and 9months of age) and by
rapid diagnostic test and confirmatory PCR (after 9
months of age). A final HIV test was performed at 18
months or 2 months after the end of breastfeeding fol-
lowing age-appropriate testing. Exclusive breastfeeding
was recommended during the first 6 months and com-
plementary breastfeeding during the first year [16].

National age-appropriate HIV-testing algorithm
The national algorithm for adults and children (aged >
18months) uses two rapid antibody tests (Determine
and Unigold) in series. Documented known HIV-
positive individuals are not re-tested, but those who do
not know their status or self-report being HIV-negative
are tested according to the algorithm. Dried blood spot
samples of children aged < 18months are laboratory
tested via HIV cDNA PCR, which detects proviral DNA.
Non-reactive specimens are considered HIV-negative.
Reactive specimens receive a second confirmatory HIV
DNA PCR. A child with positive PCR and positive con-
firmatory PCR results is considered HIV-positive. In the
case of discordant results, a second dried blood spot
sample is collected, and a third PCR test is conducted.
HIV testing is accompanied by pre-test and post-test
counseling, and anyone who tests positive is referred for
HIV care and treatment [17].
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Study procedures and definitions
We used simple random selection to identify 5000 chil-
dren born alive within the 4 years before study imple-
mentation (September 1, 2013–October 31, 2017) from
a list of mothers aged > 14 years and residing in the
HDSS area. A household visit was conducted between
October 2017 and April 2018, and consenting mothers/
caregivers completed a study-specific questionnaire. For
each participant, three household visit attempts were
made before defining the status as absent. If the mother
was not available (due to absence, migration, or death),
the child’s main caregiver provided informed consent
and completed the survey. Following the National
population-based survey methodology [10], for all partic-
ipants (mothers and children aged > 18 months) found
HIV-positive during the study visit (through documenta-
tion or new diagnosis during the household visit), a la-
boratory confirmation was conducted through Geenius
HIV-1/2 confirmatory assay. Mother and child HIV-
status was determined through documentation, age-
appropriate testing, laboratory confirmation, or verbal
autopsy. For those children whose mother was not avail-
able and the main caregiver provided consent, age-
appropriate testing was also offered. All methods were
carried out in accordance with relevant guidelines and
regulations.
Probable HIV-positive included mothers or children

who reported a previous HIV-positive result and without
a confirmatory test result after the household visit, those

whose confirmatory tests had indeterminate results, or
mothers or children who had died with retrospective
verbal autopsy suggesting a HIV-positive status. Con-
firmed HIV-positive included mothers or children with
documentation of a previous HIV-positive result or
those with a HIV-positive result and a positive confirma-
tory test after the household visit. Children out of the
MTCT services included known HEC who never tested
for HIV before the study visit.

Data collection and management
The study-specific questionnaires included information
on the pregnancy, history of previous HIV-testing for
both mother and child, and sociodemographic informa-
tion. Data from the home visits were directly collected
in tablets using Open Data Kit software 1.4 [18] and
were uploaded into a database in Research Electronic
Data Capture (REDCap) at the end of the day [19]. Ver-
bal autopsy interviews, adapted from the 2012 and 2016
WHO verbal autopsy sample questionnaire, were rou-
tinely conducted by CISM-trained laypersons as part of
the HDSS, and results were analyzed using InterVA-M
software, following the InterVA-4 model. Moreover, in
all district health centers, since the day of HIV diagnosis,
routine patient-level HIV clinical data are prospectively
entered into an electronic patient tracking system, a
Microsoft access database co-managed by the Ministry
of Health and other stakeholders, where each participant
had a unique numeric identifier that allows follow-up

Fig. 1 Study profile of 5000 mother-child pairs randomly selected for the study of mother-to-child transmission of HIV. Percentages are calculated
over the previous parent box. Definitions: Probably HIV+ included participants (i) who reported a previous HIV-positive result and without a
confirmatory test result (ii) those with indeterminate confirmatory tests result or (iii) those who had died whose verbal autopsy suggested an HIV-
positive status. Abbreviation: NI, no information



Materials, Methods  and Results 73

Table 1 Baseline characteristics of HIV-exposed children (n = 967) by children’s serostatus in Manhiça District, Mozambique

UNKNOWN
STATUS (N =
61)

HIV POSITIVE
(N = 51)

HIV NEGA
TIVE (N = 855)

Characteristics N N % N

Median age at delivery in years (mother) (IQR) 30.7 (23.2–34.0) 25.9 (21.7–
33.0)

28.7 (23.6–
33.4)

Mother age at delivery (years) < 19 5 8.2% 8 15.7% 92 10.8%

20–24 15 24.6% 11 21.6% 171 20.0%

25–34 31 50.8% 27 52.9% 463 54.2%

> 35 10 16.4% 5 9.8% 129 15.1%

Mother alive Yes 59 96.7% 50 98.0% 847 99.1%

No 2 3.3% 1 2.0% 8 0.9%

Educational level No education 7 11.5% 8 15.7% 174 20.4%

Basic 42 68.9% 36 70.6% 596 69.7%

Medium/High 12 19.7% 7 13.7% 72 8.4%

NI 0 0.0% 0 0.0% 13 1.5%

Marital status Single 6 9.8% 3 5.9% 112 13.1%

Married 48 78.7% 41 80.4% 604 70.6%

Divorced/Widowed 7 11.5% 7 13.7% 139 16.3%

Income Domestic 3 4.9% 1 2.0% 6 0.7%

No fixed salary/agriculture 35 57.4% 24 47.1% 438 51.2%

Fixed Salary 23 37.7% 26 51.0% 409 47.8%

NI 0 0.0% 0 0.0% 2 0.2%

Type of administrative post (habitants) Big cities (> 15,000) 20 32.8% 21 41.2% 353 41.3%

Medium posts (5000) 34 55.7% 26 51.0% 401 46.9%

Small posts (< 5000) 7 11.5% 4 7.8% 101 11.8%

ANC visitsa No 1 1.6% 3 5.9% 14 1.6%

Yes 60 98.4% 48 94.1% 841 98.4%

Mother newly HIV diagnosed No 57 93.4% 48 94.1% 801 93.7%

Yes 4 6.6% 3 5.9% 54 6.3%

Parity at the time of the child’s birth 1 10 16.4% 9 17.6% 117 13.7%

2 13 21.3% 14 27.5% 157 18.4%

3 or more 38 62.3% 28 54.9% 581 68.0%

Other children who died after born alive (including stillbirths) No 48 78.7% 33 64.7% 596 69.7%

Yes 13 21.3% 18 35.3% 255 29.8%

NI 0 0.0% 0 0.0% 4 0.5%

Preterm birth Yes 4 6.6% 3 5.9% 72 8.4%

No 31 50.8% 24 47.1% 459 53.7%

NI 26 42.6% 24 47.1% 324 37.9%

Place of birth Peripheric Health Unit 44 72.1% 34 66.7% 527 61.6%

Manhiça District Hospital 12 19.7% 14 27.5% 270 31.6%

Home/On the way 4 6.6% 1 2.0% 37 4.3%

NI 1 1.6% 2 3.9% 21 2.5%

Age at visit (months) < 6 2 3.3% 0 0.0% 25 2.9%

6–12 8 13.1% 10 19.6% 111 13.0%

12–18 10 16.4% 6 11.8% 131 15.3%
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through the continuum of care. After data collection
and extraction, the three databases were merged to con-
struct the final study dataset for analysis.

Statistical analysis
We conducted descriptive analysis stratified by child
HIV-serostatus, assessing proportions by Pearson and
Fisher exact chi-square tests. HIV-prevalence and

transmission were calculated through two different
methods: naïve, which excluded mothers and children
with unknown HIV-status from the denominator, and
adjusted for missing HIV-status by multiple imputation
chained equation (MICE). Following MICE procedures
and assuming data were missing at random, 30 cycles of
imputation were generated from the missing survey data,
including age, education, marital status, religion, and

Table 1 Baseline characteristics of HIV-exposed children (n = 967) by children’s serostatus in Manhiça District, Mozambique
(Continued)

UNKNOWN
STATUS (N =
61)

HIV POSITIVE
(N = 51)

HIV NEGA
TIVE (N = 855)

Characteristics N N % N

18–24 13 21.3% 8 15.7% 147 17.2%

> 24 28 45.9% 27 52.9% 441 51.6%

Median age at visit in months (IQR) 22.8 (16.1–34.4) 25.3 (13.8–
37.3)

24.6 (15.7–
36.5)

Sex Male 23 37.7% 22 43.1% 434 50.8%

Female 38 62.3% 29 56.9% 421 49.2%

Child breastfeed Yes 57 93.4% 51 100.0% 831 97.2%

No 4 6.6% 0 0.0% 24 2.8%

Median time of brestfeeding (IQR) 10.2 (6.0–15.0) 12.1 (9.1–18) 12.0 (7.0–16.0)

Order of birth <= 3 31 50.8% 30 58.8% 477 55.8%

> 3 30 49.2% 21 41.2% 378 44.2%

Child born in Mozambique No 1 1.6% 2 3.9% 21 2.5%

Yes 60 98.4% 49 96.1% 834 97.5%

HIV prophylaxis (syrup)* Yes 49 80.3% 29 56.9% 708 82.8%

No 2 3.3% 7 13.7% 23 2.7%

NI 10 16.4% 15 29.4% 124 14.5%

Updated age-appropriated vaccines Yes 16 26.2% 18 35.3% 308 36.0%

No 21 34.4% 16 31.4% 294 34.4%

NI 24 39.3% 17 33.3% 253 29.6%

Child with OPD visits* No 29 47.5% 12 23.5% 383 44.8%

Yes 32 52.5% 39 76.5% 472 55.2%

Median number of OPD visits (IQR)* 1 (0–3) 2 (1–5) 1 (0–4)

Number of OPD visits* None 29 47.5% 12 23.5% 383 44.8%

1–2 15 24.6% 16 31.4% 184 21.5%

3–5 12 19.7% 11 21.6% 142 16.6%

≥ 6 5 8.2% 12 23.5% 146 17.1%

Child with INPD visits* No 57 93.4% 38 74.5% 804 94.0%

Yes 4 6.6% 13 25.5% 51 6.0%

Median number of INPD visits (IQR)* 0.1 (0–0) 0.3 (0–1) 0.1 (0–0)

Number of INPD visits* None 57 93.4% 38 74.5% 804 94.0%

1 4 6.6% 10 19.6% 42 4.9%

2 0 0.0% 3 5.9% 9 1.1%

Abbreviations: IQR interquartile range, ANC antenatal consultations, FU follow-up, OPD out-patient department, INPD in-patient department, NI no information
available. aANC Visits: participants were asked if they performed at least one antenatal consultation during their pregnancy
* p < 0.05, ttest or Fisher’s exact test, as appropiate
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neighborhood. The 30 prevalence estimates were com-
bined according to Rubin rules [20]. Fold-change in
prevalence between naïve and adjusted values were cal-
culated by dividing the adjusted by the naïve estimate.
Case rate of new pediatric HIV infections was calculated
as the number of children exposed to HIV per 100,000
live births multiplied by the MTCT. Logistic regression
was performed to assess factors associated with children
with unknown HIV status and with a late infant HIV
diagnosis. Variables with p < 0.2 on univariate analysis
were included in multivariable analysis. Fine and Gray
model was applied to estimate retrospectively the cumu-
lative mortality rate and identify risk factors among par-
ticipants over the 54months preceding the study visit.
Cumulative incidence estimation in the presence of
competing risks was calculated following Coviello et al.
[21]. Hazard ratios of the sub-distribution (sHR) and the
corresponding 95% CIs were used as a measure of asso-
ciation. Statistical analyses were performed using Stata
15 [22].

Results
Study profile and baseline characteristics
Among the mother-child pairs randomly selected from
the HDSS (Fig. 1), 4826 children were aged < 54months
at time of visit. Of those, 3486 (72.2%) mother/care-
giver-child pairs (MCCP) participated. In most of the in-
terviews, the respondent was the biological mother of
the selected child, while 12.0% of mothers were not
available (Fig. 1), and the child’s caregiver completed the
interview.
We identified 967 mothers and 51 children as prob-

able or confirmed HIV-positive. An additional 350
(10.0%) mothers and 61 (6.3%) HEC had an unknown
serostatus. Migration and absence during the study

period were the main reasons for the mothers’ unknown
serostatus.
Baseline characteristics of HEC did not differ by child’s

serostatus for most variables (Table 1); however, a sig-
nificantly (p < 0.001) lower proportion of HIV-positive
children (56.9%) had received nevirapine prophylaxis
compared to HIV-negative children (82.8%) or children
with unknown status (80.3%). From birth until the sur-
vey, HIV-positive children (76.5%) had more outpatient
hospital visits than did HIV-negative children (55.2%) or
those with unknown serostatus (52.5%; p = 0.01) as well
as more hospital admissions (25.2, 6.0, and 6.6%, re-
spectively; p < 0.001). The median duration of breast-
feeding in HEC was 12 months (interquartile range
[IQR], 7.1–16.0) and significantly lower than median
duration among HIV-unexposed children (for further in-
formation on breastfeeding among this cohort see Fer-
nández-Luis et al. [23]).

Maternal HIV-prevalence and EMTCT impact indicators
The estimated unadjusted community HIV-prevalence
among women with a live birth in the previous 4 years
was 30.8% (95% CI: 29.2–32.5%; Table 2). However, after
adjustment for mothers with unknown HIV serostatus,
the estimate of HIV-prevalence increased significantly to
37.6% (95% CI: 35.8–39.4%). Specifically, adjusted HIV-
prevalence doubled in mothers aged < 19 years (from 8.0
to 19.1%) and increased 1.5 times- in mothers aged < 25
years (from 21.3 to 31.8%; Table 2) as compared to un-
adjusted prevalence.
HIV transmission in HEC, adjusted for unknown ma-

ternal and child serostatus was 4.4% (95% CI: 3.1–5.7%)
among children < 48 months and 4.9% (95% CI: 2.9–
6.9%) among those aged < 24months (Table 2). The cu-
mulative rate of new pediatric HIV infections occurring

Table 2 Community HIV-prevalence in mothers and vertical transmission among HIV-exposed children for interviewed mother/
caregiver-child pairs (n = 3486)

AGE GROUP HIV PREVALENCE & TRANSMISSION

Naivea 95% CI MICEb 95% CI Fold-change in prevalence

MOTHER (years) 30.8% 29.2–32.5 37.6% 35.8–39.4 1.2

< 19 8.0% 5.9–10.9 19.1% 15.7–22.6 2.4

20–24 21.3% 18.7–24.1 31.8% 28.7–34.9 1.5

25–34 40.4% 37.7–43.1 44.8% 42.0–47.5 1.1

> 35 43.3% 39.0–47.6 47.4% 43.2–51.6 1.1

Child TOTAL 5.6% 4.3–7.3 4.4% 3.1–5.7 0.8

< 24 months 5.5% 3.7–8.1 4.9% 2.9–6.9 0.9

≥ 24 months 5.8% 4.0–8.3 4.0% 2.4–5.5 0.7
aFor naive calculations, in both cases (mother and children), individuals with unknown serostatus were excluded. Thus, the denominators for naive community HIV
prevalence were n = 3136 for mothers and n = 906 for children. bMothers and children with unknown serostatus were treated as missing values, and estimates of
prevalence and transmission were adjusted by multiple imputation (MICE). In children, the selected age to stratified the cohort was 24 months to compare our
results with national data [10]. Fold-change in prevalence between naïive and adjusted values was calculated following the definition in the Methods section.
Abbreviations: CI confidence interval, MICE multiple imputation chained equation
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between birth was estimated at 1654 new infections per
100,000 live births.

Early infant testing and associated factors
Of the 967 mothers living with HIV (MLHIV) (see Fig-
ure S1), 708 (73.2%) received the diagnosis before the
delivery of the child and 169 (17.5%) after delivery; for
90 (9.3%) of the MLHIV, the date of diagnosis was un-
known. Although 95.6% (677/708) of the HEC had been
tested for HIV at some point before our survey, only

69.1% (489/708 [95% CI: 65.5–72.5%]) had been tested
in the first 2 months of life.
Risk factors for not having an HIV test were assessed

among HEC of mothers infected before delivery
(Table 3). Calculations excluded children who died in
the first 2 months of life and for whom there was not
enough time for initial testing. Multivariate logistic re-
gression analysis showed that those children who did
not receive HIV prophylaxis during their first 6 weeks of
life were 36.45 (95% CI: 5.09–260.82) times more likely

Table 3 Analysis of factors associated with never being HIV-tested before the study recruitment for HEC

OR 95% CI p value aOR 95% CI p value

Median age at delivery in years (mother) 0.94 0.87–1.02 0.141* 0.92 0.83–1.01 0.094

Mother age at delivery (years) < 19 ref – –

20–24 1.03 0.19–5.47 0.975

25–34 0.61 0.13–2.92 0.539

> 35 0.25 0.02–2.82 0.262

Educational level None ref – –

Some 0.55 0.19–1.60 0.275

Marital status Single ref – – ref – –

Married 0.43 0.13–1.39 0.158* 0.43 0.11–1.75 0.241

Divorced/Widowed 0.62 0.13–2.87 0.544 0.23 0.03–1.87 0.171

Income No fixed salary ref – –

Fixed Salary 0.79 0.30–2.10 0.634

Type of administrative post (habitants) Big cities (> 15,000) ref – –

Medium posts (5000) 1.22 0.48–3.89 0.721

Small posts (< 5000) 2.03 0.74–9.89 0.324

Parity 1 ref – –

2 2.85 0.33–24.9 0.344

3 or more 1.72 0.22–13.56 0.606

Preterm birth (< 37 weeks) No ref – – ref – –

Yes 5.72 1.58–20.73 0.008* 3.83 0.79–18.04 0.093

Place of birth Peripheric Health Unit ref – – ref – –

Manhiça District Hospital 0.32 0.70–1.45 0.138* 0.23 0.04–1.23 0.086

Home/On the way 3.13 0.65–15.19 0.156* 2.64 0.40–17.29 0.312

Sex Male ref – –

Female 1.16 0.44–3.05 0.760

Child breastfeed Yes ref – – ref – –

No 4.62 0.98–21.67 0.052* 4.73 0.65–34.57 0.126

Order of baby <=3 ref – –

> 3 0.61 0.22–1.67 0.333

Child born in Mozambique No ref – – ref – –

Yes 0.10 0.02–0.51 0.006* 0.16 0.02–1.48 0.107

HIV prophylaxis (syrup) Yes ref – – ref – –

No 29.90 6.84–130.71 < 0.001* 36.45 5.09–260.82 < 0.001*

This analysis was performed among HIV-exposed children, excluding those who died before 2 months of age, in Manhiça District, Mozambique (n = 694). Owing
to adjustments for missing data with multiple imputation, no absolute numbers were included in the table, only proportions. Abbreviations: CI confidence interval,
OR odds ratio, aOR adjusted odds ratio. * Variable with p < 0.2 on univariate analysis included in multivariable analysis
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to be out of the MTCT services than those who did.
Variables highly associated with a child never testing
such as educational level and not attending antenatal
consultations [ANC]) were not included in the multivar-
iable model due to collinearity. All HEC whose mothers
had medium/high education had been previously tested.
All HEC whose mothers self-reported not attending
ANC had not previously been tested (See Figure S2 for
further information regarding the PMTCT retention in
care among found mothers).

Child mortality
The cumulative incidence of death in the overall cohort
was 41.6/1000 live births in the 54 months before the
survey. Figure 2 shows the cumulative incidence of mor-
tality among HEC, by serostatus and with the competing
risk of migration. Among HEC and after adjusting by
sex and birth order (Fig. 2), risk factors associated with
death included HIV-positivity (asHR, 7.2 [95% CI: 3.3–
15.9]; p < 0.001) and birth order > 3 (asHR, 3.1 [95% CI:
1.5–6.5]; p = 0.003). Moreover, close to the margin of
significance (p = 0.055), children with unknown serosta-
tus were 2.8 times (95% CI: 1.0–8.0) more likely to die
than HIV-negative children.
Of the 149 children who died, 33 had been exposed to

HIV. Cause of death was determined by verbal autopsy
for 55.0% of the deceased children (see Table S1). Neo-
natal complications (30.5%; e.g., neonatal pneumonia,
congenital malformations, sepsis, prematurity, and birth
asphyxia), HIV-related causes (24.4%), and acute respira-
tory infections including pneumonia (17.1%) were the
leading causes of death, followed by malaria (8.5%), non-

communicable diseases (7.3%; mainly malnutrition), and
diarrhea (6.1%). Median age of children who died of
HIV-related causes was 14.0 months (IQR, 7.8–16.3); for
those with unknown cause of death, median age was 7.7
months (IQR, 1.7–15.9); overall, median age at death
was 6.8 months (IQR, 0.9–14.2).

Discussion
Our findings show that in the district of Manhiça, ap-
proximately one third of women who had had a child in
the previous 4 years were living with HIV. Although the
mother-to-child transmission was below 5%, the case
rate of new pediatric HIV infections was 1654 per 100,
000 live births, which exceeds the WHO target rate of
50 new HIV infections per 100,000 required to eliminate
MTCT. The proportion of HEC our cohort that have
been tested for HIV at some point before the study visit
(thus before the age of 54 months) was close to 96%,
however, early infant testing only occurred in 69.1% of
these children. The main factors associated with not
testing were lack of ANC for the mother and lack of in-
fant HIV-prophylaxis in the first weeks of life. The cu-
mulative overall child mortality rate in our cohort was
41.6 per 1000 live births; with HIV-infection and later
birth order significantly associated with death. Neonatal
complications, HIV, and pneumonia were the main
causes of death in our pediatric cohort.
Our results show that the high HIV-prevalence in

women who had a baby in the last 4 years, especially in
women aged > 25 years, impedes reaching the EMTCT
impact target of < 50 new HIV infections per 100,000
live births even with an MTCT rate < 5%. Although great

Fig. 2 Cumulative incidence of mortality, in the presence of competing risk, among HEC and stratified by children serostatus. Competing risk
included migration outside of the health and demographic surveillance system
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improvements in MTCT rates have been achieved, the
case rate of new infections continues to exceed the
WHO target and is similar to previous estimates [24].
As Goga et al. stated, in settings where HIV-prevalence
in women is ≥10%, the case rate objective < 50 is not
achievable [25]. With increasing access to lifelong ART,
the HIV-prevalence in women of childbearing age may
remain high for the next decade, even if we succeed in
dramatically decreasing the rate of new infections in
these women. Our findings thus support the global need
of new monitoring targets adapted to high HIV-
prevalence settings. Indeed, after adjusting for missing
data, our estimates of prevalence in young women dou-
bled, strongly suggesting that clinical and population-
based estimates of prevalence may be underestimated in
this population. Young women may be disproportion-
ately left behind by the health system when monitoring
the progress toward the global elimination of the HIV
epidemic. HIV-testing for women of reproductive age is
mainly performed during pregnancy via ANC services;
however, several studies, especially in sub-Saharan Af-
rica, have demonstrated that many young women do not
access ANC services [26, 27]. Additionally, previous re-
sults at the national level show that close to 65% of preg-
nant women are lost to follow-up before completing the
four recommended ANC visits [10], commonly due to
migration, as described by our group and studies in
other neighboring regions, such as KwaZulu Natal,
where close to 50% of young women reported high rates
of mobility [13, 28]. Migration and lack of access to
ANC makes this vulnerable group less likely to be aware
of their HIV-positive status and thus at higher risk of
transmitting HIV to their children.
Our community-based MTCT estimates of 4.4% con-

trast with the national vertical transmission estimated at
15% by SPECTRUM and 12.6% in the national
population-based survey conducted in 2015 [10, 11].
Both methods estimated MTCT at the national, whereas
we have estimated at the district level. In addition, the
accuracy of the SPECTRUM estimates depends on the
availability and quality of the data used, however, in
most resource-limited countries, clinical follow-up at
health facilities is recorded on paper, and electronic
monitoring tracking systems only include patients after
their HIV-positive diagnosis, and no information regard-
ing patients’ relatives is registered. One of the main limi-
tations of this model is that in the absence of quality
data, the estimates generated through the model nay not
represent the true situation of the epidemic in the coun-
try. After maternal HIV-diagnosis, follow-up of HEC is
the second most crucial challenge to monitoring MTCT.
Our findings highlight the importance of collecting
community-based data and conducting analysis at
subnational-level that allows to track mother-child pairs,

link their clinical data and obtain more accurate and up-
dated estimates at regional level that could be used to
adjust national ones. The INDEPTH network of HDSS
has shown the contribution of community-based demo-
graphic surveillance to improving estimates of malaria,
fertility rates and death rates among others.
Mozambique has three demographic HDSS which could
be leveraged to help adjust program implementation in-
dicators that might otherwise be overestimated [12, 13,
29].
Lack of ANC uptake in mothers and subsequent lack

of PMTCT services among HEC were found to be the
main factors associated with late HIV-testing (2 months
after birth). In our cohort, coverage of HIV testing
among HEC was high (96%), compared to national esti-
mates where only half of HEC were tested after 2 years
of age [10]; however timely diagnosis occurred in less
than 70% of them. Early infant diagnosis and early treat-
ment has been widely associated with decreased child
mortality [10]. The lack of sustained ART for HIV-
positive children, due to low testing and/or ART cover-
age, was shown across nine sites in South Africa to be
largely responsible for rates of mortality. We found that
children living with HIV are seven times more likely to
die than HIV-negative children, and our findings sup-
port others that HIV continues to be the second leading
cause of death among children aged < 5 years. Effective
interventions that identify HEC and increase HIV test-
ing, including mHealth, and healthcare strategies to im-
prove the quality of care at facilities could help improve
outcomes for HEC in high-HIV burden settings [30–33].
Community interventions that promote health educa-

tion among adolescent mothers both during the prenatal
and postnatal period have substantially decreased infant
mortality rates and increased ANC uptake [34]. Strat-
egies such as phone reminders, personal counseling, or
home-visits may help re-engage women lost from ANC
and maternal and child health care and ensure that those
women who initially tested HIV-negative during preg-
nancy or breastfeeding [35] receive repeat testing [36,
37]. These strategies in parallel with linking mother and
child clinical information would optimize the impact of
PMTCT programs decreasing the number of new
pediatric HIV infections and facilitating the timely diag-
nosis of HIV and treatment initiation among HEC. Fur-
thermore, trans-border strategies could help facilitate
clinical follow-up of young populations and ensure their
health coverage to help control the HIV epidemic [38–
40].
Strengths of our study include the HDSS platform,

which not only records information on migration and
deaths but also links the information of mother-child
pairs and facilitates accurate HIV-prevalence estimates
and MTCT rates among HEC at community level. Our
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study had several limitations. First, even though we used
different sources to determine the HIV status of all par-
ticipants, 10% of the mothers and 6.3% children still did
not know their serostatus. To account for these missing
values, we applied multiple imputation assuming that
HIV status was missing at random. However, there is
evidence that these values may not be missing random;
thus, we cannot exclude selection bias [41–43]. Second,
our analysis is limited by the small sample size of the
HIV-positive pediatric cohort and encourages caution as
to the magnitude of associations of risk factors and not
receiving timely testing.

Conclusions
In areas with high prevalence of HIV, even with an
MTCT rate < 5%, the EMTCT impact target of < 50 new
HIV infections per 100,000 live births may not be
achievable. Indicators to galvanize PMTCT programs
should be designed specifically for a spectrum of HIV-
prevalence values > 10% in women of childbearing age.
There is a need for novel models that also estimate the
maximum incidence of new HIV infections in young
women who will be bearing children in the next decade
in order to truly reach the EMTCT targets. Ensuring
that all pregnant women attend ANC services, especially
adolescents and young mothers, could help reduce HIV
incidence and increase ART coverage. Ensuring that all
HIV-positive women know their status and that their
children receive the necessary preventive care in a timely
manner could help prevent HIV transmission and de-
crease mortality in CLHIV. Finally, quality community-
level data are needed to adjust prevalence data in women
of childbearing age as well as to adjust estimates on pre-
vention of mother-to-child HIV transmission.
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Abstract

Objective
World Health Organization recommends promoting breastfeeding without restricting its

duration among HIV-positive women on lifelong antiretroviral treatment (ART). There is little

data on breastfeeding duration and mother to child transmission (MTCT) beyond 24 months.

We compared the duration of breastfeeding in HIV-exposed and HIV-unexposed children

and we identified factors associated with postpartum-MTCT in a semi-rural population of

Mozambique.

Methods
This cross-sectional assessment was conducted from October-2017 to April-2018. Mothers

who had given birth within the previous 48-months in the Manhiça district were randomly

selected to be surveyed and to receive an HIV-test along with their children. Postpartum

MTCT was defined as children with an initial HIV positive result beyond 6 weeks of life who

initiated breastfeeding if they had a first negative PCR result during the first 6 weeks of life or

whose mother had an estimated date of infection after the child’s birth. Cumulative incidence

accounting for right-censoring was used to compare breastfeeding duration in HIV-exposed
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and unexposed children. Fine-Gray regression was used to assess factors associated with

postpartum-MTCT.

Results
Among the 5000 mother-child pairs selected, 69.7% (3486/5000) were located and enrolled.

Among those, 27.7% (967/3486) children were HIV-exposed, 62.2% (2169/3486) were HIV-

unexposed and for 10.0% (350/3486) HIV-exposure was unknown. Median duration of

breastfeeding was 13.0 (95%CI:12.0–14.0) and 20.0 (95%CI:19.0–20.0) months among

HIV-exposed and HIV-unexposed children, respectively (p 0.001). Of the 967 HIV-exposed

children, 5.3% (51/967) were HIV-positive at the time of the survey. We estimated that

27.5% (14/51) of the MTCT occurred during pregnancy and delivery, 49.0% (2551) postpar-

tum-MTCT and the period of MTCT remained unknown for 23.5% (12/51) of children. In mul-

tivariable analysis, mothers’ ART initiation after the date of childbirth was associated

(aSHR:9.39 [95%CI:1.75–50.31], p = 0.001), however breastfeeding duration was not asso-

ciated with postpartum-MTCT (aSHR:0.99 [95%CI:0.96–1.03], p = 0.707).

Conclusion
The risk for postpartum MTCT was nearly tenfold higher in women newly diagnosed and/or

initiating ART postpartum. This highlights the importance of sustained HIV screening and

prompt ART initiation in postpartum women in Sub-Saharan African countries. Under condi-

tions where HIV-exposed infants born to mothers on ART receive adequate PMTCT,

extending breastfeeding duration may be recommended.

Introduction
Globally in 2019 there were 1.7 million children living with HIV [1]. Children predominantly

acquire HIV infection through mother-to-child transmission (MTCT), either during preg-

nancy, delivery, or breastfeeding. Without preventive interventions, the risk of MTCT is 30–

40%, and breastfeeding is responsible for one-third to one-half of these transmissions [2].

However, specific preventive interventions such as antiretroviral treatment (ART) to the

mother and antiretroviral prophylaxis to the child can reduce MTCT to less than 5%, even in

high HIV burden settings [3, 4].

In order to eliminate MTCT, the Joint United Nations Programme on HIV/AIDS

(UNAIDS) and United States President’s Emergency Plan for AIDS Relief (PEPFAR) launched

the Start Free Stay Free AIDS Free strategy in 2016 [5]. It focuses on the 23 countries with the

highest burden of pregnant women and children living with HIV. In 2018, these 23 countries

had a rate of MTCT during pregnancy and delivery, (calculated as first 6-week MTCT-rate), of

6.3% [95%CI: 4.9–9.1%] and a rate of MTCT at the end of breastfeeding of 11.8% [95%CI: 9.8–

15.2%] [5]. The number of new infections was unevenly distributed; of 130 000 children who

acquired HIV in 2018, half came from just six countries (Kenya, Mozambique, Nigeria, South

Africa, Uganda and the United Republic of Tanzania) [5].

Breastfeeding contributes substantially to the health, development and survival of young

children, particularly in settings with high mortality from diarrhea, pneumonia and malnutri-

tion among children under five years of age [6]. Among HIV-exposed children, breastfeeding

has been shown to increase the HIV-free survival at 9 and 18 months of life compared with
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formula-feeding [7, 8]. Breastfeeding practices of women living with HIV are influenced by

the social circumstances in which mothers make decisions, the fear of transmission, and also

the attitudes, knowledge, and updating of health care workers about current guidelines [9–11].

World Health Organization (WHO) adapted its guidelines over time, aiming to balance the

benefits of breastfeeding with the risks of HIV transmission. In 2007, WHO recommended

exclusive breastfeeding for six months unless replacement feeding was feasible, sustainable and

safe for the HIV-positive mothers and their infants [12]. In 2010, the recommendation was

extended to 12 months, while antiretrovirals were provided either to the mother or the infant

throughout breastfeeding to reduce the risk of postnatal HIV transmission [13]. By 2016, the B

+ strategy was brought to scale globally, ensuring that the HIV-positive pregnant and breast-

feeding women were offered lifelong ART regardless of their CD4 count. At the same time,

enhanced post-natal prophylaxis with daily zidovudine (ZDV) and nevirapine (NVP) for a

total of 12 weeks was recommended among HIV-exposed children at high risk of acquiring

HIV who were breastfeeding [14]. With the expansion of durable ART access for lactating

women, WHO again updated its recommendations, advising that HIV+ women should con-

tinue to breastfeed for at least 12 months, but ideally for up to 24 months or longer while

remaining fully ART adherent [15]. However, this revised guidance promoting extended

breastfeeding was based on low to moderate quality evidence [15].

Mozambique adopted the B+ strategy in 2013 [16] and the “test and treat” strategy, in

which ART is initiated for all people living with HIV as soon as possible after diagnosis, in

2016 [17]. Nevertheless, in 2018, although more than 95% of HIV-positive pregnant women in

Mozambique received ART, the rate of MTCT at the end of breastfeeding was 15.0% [95% CI:

11.8–19.0%]:7% during the first 6-weeks postpartum and 8% during breastfeeding [5],

accounting for 10% of global MTCT infections among the Start Free Stay Free AIDS Free pri-

ority countries [5]. In 2011, the median duration of total breastfeeding in the general popula-

tion of Mozambique was 20.8 months [18]. However, there are no updated data on total

duration of breastfeeding disaggregated by mother’s HIV-serostatus or on the impact of

breastfeeding duration on mother-to-child transmission in Mozambique. Although there are

no data about ART adherence and viral load during breastfeeding period at national level, a

controlled clinical trial performed in central Mozambique between 2014–2015 among preg-

nant and breastfeeding women in B+ showed that without intervention, 52.3%, 46.1% and

38.3% of them returned for 30-day, 60-day and 90-day ART refills, respectively [19]. In the

other hand, PEPFAR data showed viral load coverage in pregnant women was approximately

60% and viral suppression 80% at national level in 2020 [20]. Until September 2019, postnatal

prophylaxis consisted of 6 weeks NVP to all infants [21, 22] and thereafter enhanced postnatal

prophylaxis has been recommended to all HIV exposed infants in Mozambique [23].

We compared the duration of breastfeeding in HIV-exposed and HIV-unexposed children

and we identified sociodemographic and HIV-care factors associated with postpartumMTCT,

through a cross-sectional household survey in a semi-rural population of southern Mozam-

bique with a high HIV community prevalence [24].

Methods

Study setting

The study was conducted within the Health and Demographic Surveillance System (HDSS)

run by the Manhiça Research Health Center since 1996, which is located in Maputo Province,

southern Mozambique [25]. The HDSS platform currently extends over the entire district of

Manhiça, which has an area of 2,380 square kilometers and covers 46,441 households and

201,383 inhabitants, each one with a unique identification number. Every household is visited
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twice a year to collect data on vital events such as births, deaths, pregnancies and migrations

[25]. Verbal autopsies are used to attribute a cause of death to all recorded death events,

including those that occurred in the community, in accordance with WHO Verbal Autopsies

Instrument Form 2016 [26].

The Manhiça District is served by fifteen health centers, one rural hospital and one referral

district hospital. All public health facilities offer free access to HIV care and treatment. Routine

patient-level HIV clinical data is recorded by providers in a paper-based system and prospec-

tively entered into an electronic patient tracking system.

At the time of the study, the B+ strategy was already implemented in all the health facilities

which provided free ART to HIV-positive pregnant or breastfeeding mothers and 6 week

Nevirapine prophylaxis for HIV-exposed children, regardless of both the feeding method and

whether the mother’s diagnosis and ART initiation occurred during pregnancy or breastfeed-

ing period [21, 27]. The ART regimen that most pregnant and lactating women received dur-

ing the time period of this study was Tenofovir Disoproxil Fumarate/Lamivudine/Efavirenz

(TDF+3TC+EFV) [21, 27].

Study design and study population

Between October 2017 and April 2018, 5000 of the total children born alive in the previous 48

months within the HDSS were randomly selected to participate in this cross-sectional house-

hold survey. After informed consent was obtained, the survey was conducted with mothers, or

in case of a mother’s absence, migration or death, with the child’s primary caregiver. Study

HIV counselors administered a specific questionnaire designed to capture sociodemographic

characteristics, HIV testing history and ART, antenatal care and duration of breastfeeding.

For each individual mother and child, HIV-status was ascertained through documentation

of previous testing, conducting age-appropriate testing with laboratory confirmation or verbal

autopsy. Mothers who do not know their status or self-report being HIV-negative were tested

at survey, as well as the HIV-exposed children. For children under 18 months of age, HIV

diagnosis was determined with molecular testing through HIV DNA Polymerase Chain Reac-

tion (PCR). Children 18 months or older and mothers were tested following the National HIV

testing algorithm [21] which included two serial rapid diagnostic tests, Determine [28] and

Unigold [29]. Documented known HIV-positive individuals were not re-tested, however for

study purposes, all HIV positive participants (including those who were diagnosed prior to or

during the study visit) underwent confirmatory testing through Geenius HIV-1/2 Confirma-

tory Assay [30]. Clinical documentation was also used to obtain information about gestational

age and infant antiretroviral prophylaxis. Verbal autopsy from HDSS database was used to

ascertain HIV status in children and mothers who had died before the survey. Hospitalizations

and outpatients’ visits were also obtained through the HDSS database. Information about

maternal viral load and CD4 was extracted from the routinely collected data in the electronic

patient tracking system, a Microsoft access database [31] co-managed by the Ministry of

Health and other stakeholders, where each participant living with HIV had a unique numeric

identifier that allows follow-up through the continuum of care [32].

Definitions

HIV exposure was defined as follows: i) a child whose mother had a documented HIV-infec-

tion before birth or at the end of breastfeeding (confirmed exposure) and ii) a child born to a

self-reported HIV-positive mother for whom the time of the mother’s infection could not be

determined (probable exposure). Children born from HIV negative mothers were considered

PLOS ONE Prompt HIV diagnosis and treatment for prevention of mother to child transmission during breastfeeding
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HIV-unexposed. If the mother was deceased and her HIV-status could not be confirmed, the

child´s exposure was considered unknown and were excluded from the analysis.

Date of HIV infection in the mother was estimated as follows:

1. In case of documentation of a previous HIV-negative test, date of infection was assumed to

be equal to the midpoint between the last negative HIV test and the day of the survey for

mothers of children who are less than 23 months of age. If the interval between the test and

the survey was less than 24 months, the midpoint between last negative HIV test and first

positive test was used. If the interval was greater than 24 months, the date of seroconversion

was not estimated due to the larger uncertainty in the estimation.

2. In case of documentation of a previous HIV-positive test, this was assumed to be the date of

infection.

3. In case of no previous documentation and a first positive test on the day of the survey, time

of infection was defined as the midpoint between serosurvey and date of most recent

delivery.

MTCT was assumed to occur during pregnancy and delivery if the child had a positive PCR

result during the first 6 weeks of life [15, 33, 34]. PostpartumMTCT was defined for children

with an initial HIV positive result beyond 6 weeks of life who initiated breastfeeding if 1) they

had a first negative PCR during the first 6 weeks of life, or 2) did not have a prior negative PCR

but whose mother had an estimated date of infection after the child’s birth. For children born

to mothers with date of infection prior to child’s birth but without a DNA PCR by 6 weeks of

age, the date of MTCT was considered unknown.

Breastfeeding included any type of breastfeeding (exclusive, mixed and any breastfeeding

after the introduction of complementary feeding) since birth. The mother or caregiver self-

reported the total duration of any breastfeeding in months at the time of survey.

Statistical analysis

Medians and interquartile ranges (IQR) were calculated to describe continuous variables and

categorical variables were summarized using frequencies and its 95% confidence intervals.

Comparisons between groups were made using Pearson chi-square or Fisher exact test and

Kruskal Wallis tests, as applicable. In addition, we performed two analyses:

First, we estimated breastfeeding duration in HIV-exposed and HIV-unexposed children

with cumulative incidence of breastfeeding cessation, accounting for right censoring. Children

who had not initiated breastfeeding were excluded from this analysis. HIV-exposure was eval-

uated as a factor associated with breastfeeding duration through Fine-Gray regression, using

mortality as competing risk and adjusted for age and sex in a multivariable model.

Second, among HIV-exposed children who had been breastfed at any time, we performed a

Fine-Gray regression analysis to assess factors associated with postpartumMTCT, adjusting

for age and sex and considering mortality a competing risk factor. Infants with MTCT during

pregnancy and delivery and children in which it was not possible to establish whether MTCT

was during pregnancy and delivery or postpartum were excluded from this analysis. A multi-

variable model was built including the variables with a p-value lower than 0.20 in the bivariate

analysis and with less than 20% missing values. Time-varying covariates were handled by epi-

sode splitting. Variables age of the child, sex of the child, mother ART initiation and breast-

feeding duration were forced-in covariates due to their clinical relevance. The variable ‘mother

ART initiation’ was treated as a binary variable: ART initiation before delivery yes/no, and had

more than 20% missing values. The missing data was addressed through multiple imputation
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using a logistic regression imputation method including our outcome variable and the other

predictor variables. A total of 20 imputations were performed.

Data was analyzed using Stata statistical software version 16 (Stata Corp., College Station,

Texas, USA) [35].

We conducted a sensitivity analysis considering the time of infection of the mother as ran-

dom date selected from a uniform distribution, a point at the quarter of the interval between

the two dates considered at definition and a point at the three-quarters of the interval between

the two dates specified above in definitions section.

We conduct another two sensitivity analysis considering the 61 children HIV-exposed with

unknown HIV serostatus as HIV-positive and the 12 children HIV-positive with no informa-

tion on time of HIV acquisition as postpartumMTCT, respectively.

Ethics statement

This study was approved by the Mozambican National Bioethics Committee and the Barcelona

Hospital Clinic Institutional Review Board. It was also reviewed in accordance with CDC

human research protection procedures and was determined to be research, but CDC investiga-

tors did not interact with human subjects or have access to identifiable data or specimens for

research purposes. Written informed consent was obtained from the mothers/caregivers of all

children for the mothers/caregiver and children participation. In case of mothers between 14–

16 years old, informed consent was provided by the legal representative of the young mother,

after the mother’s consent.

Results
Among the 5000 mother/caregiver-child pairs randomly selected for participation, 4826 chil-

dren were eligible (96.5%) and 174 children were older than 54 months at the time of the visit,

and excluded of the study. A total of 1340 mother/child pairs were not located and 3486 were

enrolled. Among those, 27.7% (967/3486) children were considered to be HIV-exposed (prob-

able or confirmed), 62.2% (2169/3486) were HIV-unexposed and for 10.0% (350/3486) HIV-

exposure was unknown (Fig 1). Taking into account the estimated date of infection of the

mother according to assumptions in methods, 77.7% (751/967) were considered exposed to

HIV during pregnancy and delivery, 13.2% (128/967) were exposed only in the postpartum

period and 9.1% (88/967) were unknown. Among the children exposed only in the postpartum

period, 47.6% (61/128) were characterized as HIV-exposed based on maternal HIV testing per-

formed during the study visit and 14% (18/128) were still breastfeeding when their mothers

started on ART.

Baseline characteristics differed between HIV-positive and HIV-negative mothers, and

their respective children, with the exception of place of birth, child’s gender, gestational age

and age of the child at the time of study visit (Table 1).

HIV positive mothers were significantly more absent from the household at the time of sur-

vey with the caregiver responding, as compared to HIV-negative mothers (8.8% vs 0.0%,

p<0.001). HIV-positive mothers were significantly older, with a median age of 28.7 years

(IQR: 23.4–33.4) compared with HIV-negative mothers whose median age at survey was 22.6

years (IQR: 18.8–29.3), p<0.001. Almost all the mothers had attended at least one antenatal

visit, but the proportion was higher among the HIV-positive mothers (98.1% vs 93.0%,

p<0.001).

Only 34.1% (330/967) of HIV-positive mothers had at least one viral load result at the time

of survey. However, 75.8% (250/330) of the mothers with viral load results were virally

suppressed.
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Breastfeeding duration among HIV-exposed and HIV-unexposed children

In our cohort, the proportion of children who had never breastfed was significantly higher

among HIV-exposed children (2.9%, 28/967), than among HIV-unexposed children (0.5%,

11/2169), p<0.001 (Table 1).

The median duration of breastfeeding was 13.0 (95%CI: 12.0–14.0) and 20.0 months (95%

CI: 19.0–20.0) among HIV-exposed and HIV-unexposed children respectively, and the risk of

discontinuing breastfeeding was almost two-fold higher among HIV-exposed children

[adjusted Sub-Hazard Ratio (aSHR) 1.85 (95%CI: 1.67–2.05), p<0.001] (Fig 2). The cumula-

tive incidence of HIV-exposed children breastfeeding dropped at 6 months as compared to

unexposed children. At 12 months, only 56.4% (95%CI: 53.2%-59.5%) of HIV-exposed infants

were breastfeeding as compared to 77.3% (75.4%-79.0%) of unexposed infants. The gap in

breastfeeding between HIV exposed and unexposed children continued through to 18 months

of age.

PostpartumMTCT and associated factors

Of the 967 HIV-exposed children, 5.3% (51/967) were HIV-positive, 88.4% (855/967) were

HIV-negative and 6.2% (61/967) with unknown serostatus at the time of the survey. Among

the HIV-positive, according to the definitions in methods, we estimated that 49.0% (25/51) of

the MTCT occurred postpartum, 27.5% (14/51) during pregnancy and delivery and for 23.5%

(12/51) of children the period of infection remained unknown.

Fig 1. Study profile among the 5000 mother-child pairs randomly selected for the study. Percentages are calculated over the previous parent box.
MTCT =maternal to child transmission. MTCT during pregnancy and delivery was defined as having a positive PCR result during the first 6 weeks of life.
PostpartumMTCT was defined for children with an HIV positive result beyond 6 weeks of life who initiated breastfeeding if 1) they had a first negative PCR
during the first 6 weeks of life, or 2) did not have a prior negative PCR but whose mother had an estimated date of infection after the child’s birth.

https://doi.org/10.1371/journal.pone.0269835.g001
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Table 1. Characteristics of HIV-exposed and HIV-unexposed children at the time of the survey (n = 3136). The 350 children for whomHIV exposure could not be
ascertained are not included.

HIV-UNEXPOSED
(N = 2169)

HIV-EXPOSED
(N = 967)

TOTAL (N = 3136)

N % N % N % p value

MOTHER

Age of the mother at delivery in years (IQR)� 22.6 (18.8–29.3) 28.7 (23.4–33.4) 24.8 (19.7–31.2) <0.001

Mother located during the household survey�� Yes 2164 99.8% 871 90.1% 3035 96.8% <0.001

Absent or migrated 0 0.0% 85 8.8% 85 2.7%

Died 5 0.2% 11 1.1% 16 0.5%

Education level�� Illiteracy 295 13.6% 189 19.5% 484 15.4% <0.001

Primary 1555 71.7% 674 69.7% 2229 71.1%

Seconday or higher 317 14.6% 91 9.4% 408 13.0%

Unknown 2 0.1% 13 1.3% 15 0.5%

Marital status��� Single 265 12.2% 121 12.5% 386 12.3% <0.001

Married 1737 80.1% 693 71.7% 2430 77.5%

Divorced/Widowed 167 7.7% 153 15.8% 320 10.2%

Main source of Income�� Domestic 66 3.0% 10 1.0% 76 2.4% <0.001

No fix salary/agriculture 974 44.9% 497 51.4% 1471 46.9%

Fix Salary 1129 52.1% 458 47.4% 1587 50.6%

Unknown 0 0.0% 2 0.2% 2 0.1%

Parity�� Primipara 723 33.3% 136 14.1% 859 27.4% <0.001

Secundipara 458 21.1% 184 19.0% 642 20.5%

Multipara 987 45.5% 647 66.9% 1634 52.1%

Unknown 1 0.0% 0 0.0% 1 0.0%

Antenatal clinic visit�� No 152 7.0% 18 1.9% 170 5.4% <0.001

Yes 2017 93.0% 949 98.1% 2966 94.6%

CHILD

Child found Yes 2107 97.1% 920 95.1% 3027 96.5% 0.018

Absent or migrated 23 1.1% 15 1.6% 38 1.2%

Died 39 1.8% 32 3.3% 71 2.3%

Age at survey in months (IQR) 23.5 (14.5–35.3) 24.6 (15.7–36.4) 23.9 (14.9–35.7) 0.053

Gender Female 1126 51.9% 479 49.5% 1605 51.2% 0.218

Male 1043 48.1% 488 50.5% 1531 48.8%

Born in Mozambique No 38 1.8% 24 2.5% 62 2.0% 0.175

Yes 2131 98.2% 943 97.5% 3074 98.0%

Gestational Age <37 weeks 153 7.1% 79 8.2% 232 7.4% 0.088

� 37 weeks 1243 57.3% 514 53.2% 1757 56.0%

Unknown 773 35.6% 374 38.7% 1147 36.6%

Birth order of baby 1–3 1524 70.3% 538 55.6% 2062 65.8% <0.001

>3 644 29.7% 429 44.4% 1073 34.2%

Unknown 1 0.0% 0 0.0% 1 0.0%

Breastfeeding at any time No 11 0.5% 28 2,9% 39 1.2% <0.001

Yes 2158 99.5% 939 97,1% 3097 98.8%

IQR: Interquartile Range.
�Kruskal Wallis test.
��Fisher exact test.
���Pearson chi-square

https://doi.org/10.1371/journal.pone.0269835.t001
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Fig 2. Breastfeeding duration among HIV-exposed and HIV-unexposed breastfed children. Cumulative incidence was expressed as the
proportion of children breastfeeding in a given time period after birth accounting for right censoring and adjusted by sex and age of the child.
Children who had not initiated breastfeeding were excluded from this analysis. N = 3097.

https://doi.org/10.1371/journal.pone.0269835.g002
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Among the 61 children with unknown HIV serostatus, 62.3% (38/61) were female, 4 never

breastfed and among the 57 who initiated breastfeeding, the median duration of breastfeeding

was 12 (95%CI: 10.4–15.1) months. From 12 of children with unknown period of MTCT,

41.7% (5/12) were female, and all had initiated breastfeeding with the median duration being

15.0 months, (95%CI: 5.6–24.0).

The estimation of the period of MTCT among the 51 HIV-positive children remained the

same regardless of the method of estimating the infection time of the mother (as random date

selected from a uniform distribution, as a point at the quarter of the interval between the two

dates considered at definition and as a point at the three-quarters of the interval between the

two dates specified above in definitions section).

Table 2 shows the sociodemographic and clinical characteristics among children with post-

partumMTCT compared to HIV-exposed uninfected children, after the exclusion of children

with unknown HIV-status, children with MTCT during pregnancy or delivery, children with

HIV infection without attribution to pregnancy, delivery or breastfeeding and children who

never initiated breastfeeding.

Mothers with postpartumMTCT were mostly diagnosed (60.0%) and initiated ART

(52.0%) after the child was born, compared with the 12.3% and 11.4% of diagnosis and ART

initiation after the birth among the mothers of HIV exposed uninfected children, p<0.001.

Furthermore, only 52.0% (13/25) of children with postpartumMTCT had received antiretrovi-

ral prophylaxis at any time after birth compared to 82.8% (688/831) of HIV-exposed unin-

fected children, p<0.001.

A total of 80.0% (20/25) of children with postpartum-MTCT had attended at least one

unscheduled outpatient visits before the survey and a total of 28.0% (7/25) had been hospital-

ized, compared with the 55.0% (457/831) and 5.8% (48/831) of the HIV exposed uninfected

children p = 0.021 and p = 0.001, respectively.

Table 3 shows bivariable and multivariable analysis of factors associated with postpartum

MTCT after adjusting for child’s sex and age at survey. Children with unknown HIV-status,

children with MTCT during pregnancy or delivery and children who never initiated breast-

feeding were excluded from this analysis.

Our results show that the duration of breastfeeding was not associated with postpartum

MTCT (aSHR: 0.99 [95%CI: 0.96–1.03], p = 0.707). By contrast, children born from mothers

who initiated ART at any time after delivery were more likely to acquire HIV postpartum

(aSHR: 9.39 [95%CI: 1.75–50.31], p = 0.009).

The estimations obtained in postpartumMTCT related factors were not impacted when we

performed sensitivity analysis including the children with unknown HIV status (61 children)

or the children with unknown period of HIV infection (12 children): breastfeeding was not

associated with postpartumMTCT (aSHR: 0.99 [95%CI: 0.96–1.02] p = 0.547 and aSHR: 0.99

[95%CI: 0.96–1.03] p = 0.660, respectively) and children born from mothers who initiated

ART at any time after delivery were more likely to acquire HIV postpartum (aSHR: 8.77 [95%

CI: 1.61–47.77] p = 0.012 and aSHR: 8.67 [95%CI: 1.64–45.87] p = 0.011, respectively).

Discussion
In this study, HIV-exposed children breastfed for significantly less time and had a nearly two-

fold higher risk of discontinuation of breastfeeding over 48 months compared with non-

exposed children. Evidence of association between breastfeeding duration and postpartum

MTCT was not observed. In contrast, mother ART initiation after the date of child birth was

associated with a nearly ten-fold higher risk of postpartumMTCT (aSHR: 9.39 [95%CI: 1.75–

50.31], p = 0.009).
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Table 2. Mother and child clinical and sociodemographic characteristics of HIV-exposed uninfected children and HIV-exposed children who acquired HIV through
postpartumMTCT. N = 856. Children who never breastfed, children with HIV unknown status, children who acquired HIV throughMTCT during pregnancy and deliv-
ery and HIV positive children with no information on time of HIV acquisition were excluded from this analysis.

HIV-exposed
uninfected
children
(N = 831)

HIV exposed
children with
postpartum

MTCT (N = 25)

TOTAL (N = 856)

Characteristics N % N % N % p value

MOTHER

Age of the mother at delivery in years. Median (IQR)� 28.7 (23.4–33.4) 26.5 (22.4–33.0) 28.7 (23.4–33.3) 0.577

Mother located during the household survey�� yes 748 90.0% 23 92.0% 771 90.1% 1.000

absent or migrated 75 9.0% 2 8.0% 77 9.0%

died 8 1.0% 0 0.0% 8 0.9%

Education level�� Illiteracy 171 20.6% 3 12.0% 174 20.3% 0.403

Primary 579 69.7% 18 72.0% 597 69.7%

Seconday or higher 68 8.2% 4 16.0% 72 8.4%

Unknown 13 1.6% 0 0.0% 13 1.5%

Marital status�� Single 112 13.5% 1 4.0% 113 13.2% 0.321

Married 586 70.5% 21 84.0% 607 70.9%

Divorced/Widowed 133 16.0% 3 12.0% 136 15.9%

Main source of Income�� Domestic 6 0.7% 0 0.0% 6 0.7% 0.456

No fix salary/agriculture 428 51.5% 16 64.0% 444 51.9%

Fix Salary 395 47.5% 9 36.0% 404 47.3%

Unknown 2 0.2% 0 0.0% 2 0.2%

Parity�� Primipara 116 14.0% 4 16.0% 120 14.0% 0.906

Secundipara 152 18.3% 4 16.0% 156 18.2%

Multipara 563 67.7% 17 68.0% 580 67.8%

Antenatal clinic visit�� No 14 1.7% 1 4.0% 15 1.8% 0.361

Yes 817 98.3% 24 96.0% 841 98.2%

Mother HIV diagnosis�� Before the date of childbirth 653 78.6% 9 36.0% 662 77.3% <0.001

After the date of childbirth 102 12.3% 15 60.0% 117 13.7%

Unknown 76 9.1% 1 4.0% 77 9.0%

Mother ART initiation��� Before the date of childbirth 513 61.7% 6 24.0% 519 60.6% <0.001

After the date of childbirth 95 11.4% 13 52.0% 108 12.6%

Unknown 223 26.8% 6 24.0% 229 26.8%

Mother CD4 at childbirth�� <200 cel/mm3 42 5.1% 4 16.0% 46 5.4% 0.083

200–500 cel/mm3 175 21.1% 5 20.0% 180 21.0%

>500 cel/mm3 327 39.4% 6 24.0% 333 38.9%

Unknown 287 34.5% 10 40.0% 297 34.7%

Mother viral load at childbirth�� <1000copies/ml 247 29.7% 7 28.0% 254 29.7% 0.352

�1000copies/ml 45 5.4% 3 12.0% 48 5.6%

Unknown 539 64.9% 15 60.0% 554 64.7%

CHILD

Child located during the household survey�� yes 813 97.8% 20 80.0% 833 97.3% <0.001

absent or migrated 2 0.2% 0 0.0% 2 0.2%

died 16 1.9% 5 20.0% 21 2.5%

Age at survey in months. Median (IQR) 24.6 (15.6–35.6) 30.0 (20.9–34.2) 24.6 (15.7–36.5) 0.369

Gender��� Female 420 50.5% 9 36.0% 429 50.1% 0.152

Male 411 49.5% 16 64.0% 427 49.9%

(Continued)
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Our results demonstrate that children born frommothers who initiated ART after child-

birth had a higher risk of acquiring HIV during the breastfeeding period, as previously indi-

cated by other studies [36]. At the time of the study, the B+ strategy was already implemented

and lifelong ART was recommended to HIV-positive pregnant or breastfeeding mothers [21],

[27]. However, success of the B+ strategy in reaching all pregnant and breastfeeding women is

highly dependent on a sustained frequency of HIV testing not only during pregnancy but dur-

ing the post-partum period. The reasons for not initiating ART could be multiple: others may

not have initiated lack of awareness of HIV status, death, not willing or because of service

delivery shortfalls or stockouts. A study conducted in southern Mozambique between 2008 to

2011 before B+ implementation, found an HIV incidence in women of 3.2/100 women-years

(95%CI: 2.30–4.46) in breastfeeding women during the postpartum period. In absence of treat-

ment, this was reflected by a postpartum-MTCT rate of 21% at 18-months of age among their

children [37]. In Mozambique, at the time of the study, re-testing in all pregnant women every

three months during pregnancy was recommended, however, delivery and the postpartum

period were not targeted time points for re-testing [38, 39]. Our results suggest that establish-

ing specific retesting times during the postpartum period in areas of high HIV incidence could

Table 2. (Continued)

HIV-exposed
uninfected
children
(N = 831)

HIV exposed
children with
postpartum

MTCT (N = 25)

TOTAL (N = 856)

Characteristics N % N % N % p value

Born in Mozambique�� No 19 2.3% 1 4.0% 20 2.3% 0.451

Yes 812 97.7% 24 96.0% 836 97.7%

Gestational Age�� <37 weeks 67 8.1% 2 8.0% 69 8.1% 0.345

� 37 weeks 451 54.3% 10 40.0% 461 53.9%

Unknown 313 37.7% 13 52.0% 326 38.1%

Birth order of baby ��� 1–3 463 55.7% 13 52.0% 476 55.6% 0.713

>3 368 44.3% 12 48.0% 380 44.4%

Number of Outpatient visits before survey��� 0 374 45.0% 5 20.0% 379 44.3% 0.021

1 92 11.1% 6 24.0% 98 11.5%

�2 365 43.9% 14 56.0% 379 44.3%

Number of Hospitalizations before survey�� 0 783 94.2% 18 72.0% 801 93.6% 0.001

1 39 4.7% 5 20.0% 44 5.1%

�2 9 1.1% 2 8.0% 11 1.3%

Duration of breastfeeding in months. Median (IQR) 12.0 (8.0–17.0) 12.2 (12.0–18.0) 12.0 (8.0–17.0) 0.310

Received Antiretroviral prophylaxis�� Yes 688 82.8% 13 52.0% 132 15.4% <0.001

No 20 2.4% 3 12.0% 701 81.9%

Unknown 123 14.8% 9 36.0% 23 2.7%

IQR: Interquartile Range.
�Kruskal Wallis test.
��Fisher exact test.
���Pearson chi-square

Sociodemographic data (Age, Eductional level, Marital status, Income, Parity), antenatal clinic visits and breastfeeding information were self-reported.

HIV data were obtained through medical documentation (Mother HIV diagnosis, Mother ART initiation) or HIV database (Mother cd4 at child birth, Mother viral load

at child birth). Hospitalizations and outpatients’ visits were obtained through HDSS database.

Gestational Age and Infant Antiretroviral prophylaxis were obtained through medical documentation.

https://doi.org/10.1371/journal.pone.0269835.t002
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Table 3. Mother and child clinical and sociodemographic risk factors associated with postpartumMTCT among HIV-exposed children. N = 856. Fine-Gray subdis-
tribution hazard regression with death as a competing risk was conducted. The same exclusion factors as those described in Table 2 were applied. The multivariable model
was built of including the variables with a p-value lower than 0.20 in the bivariate analysis and with less than 20%missing values. Variables age of child, mother ART initia-
tion and breastfeeding duration were forced-in covariates due to their clinical relevance. Multiple imputation was performed in mother ART initiation. Mother HIV diag-
nosis was excluded because of collinearity.

Factors Univariable Model� Multivariable Model��

SHR (95% Conf. Interval) p-value aSHR (95% Conf. Interval) p-value

Mother

Age of the mother at delivery (in years) 0.99 0.93–1.05 0.627

Education level (N = 843) No education 1 0.284

Basic 1.76 0.52–5.96

Medium/High 3.31 0.74–14.82

Marital status Single 1 0.333

Married 3.95 0.53–29.39

Divorced/Widowed 2.52 0.26–24.24

Parity Primipara 1 0.931

Secundipara 0.77 0.19–3.07

Multipara 0.87 0.29–2.60

Antenatal clinic visit No 1 0.398

Yes 0.44 0.06–3.01

Mother HIV diagnosis1 (N = 779) before the date of childbirth 1 0.008

after the date of childbirth 4.20 1.46–12.06

Mother ART initiation1 before the date of childbirth 1 <0.001

after the date of childbirth 9.18 3.87–21.80 9.39 1.75–50.31 0.009

Mother cd4 at childbirth (N = 559) <200 cel/mm3 1

200–500 cel/mm3 0.32 0.09–1.16 0.042

>500 cel/mm3 0.20 0.06–0.71

Mother viral load at childbirth (N = 302) <1000copies/ml 1

�1000copies/ml 2.30 0.60–8.82 0.226

Children

Age at survey in months 1.01 0.99–1.04 0.348 1.01 0.97–1.06 0.577

Gender Male 1 0.160 1

Female 1.80 0.79–4.06 1.99 0.67–5.96 0.218

Gestational Age (N = 530) <37 weeks 1 0.699

� 37 weeks 0.74 0.16–3.40

Birth order of baby 1–3 1 0.722

>3 1.15 0.53–2.52

Born in Mozambique No 1 0.575

Yes 0.56 0.07–4.24

Median time of breastfeeding 1.01 0.98–1.05 0.557 0.99 0.96–1.03 0.707

Received Antiretroviral prophylaxis (N = 724) Yes 1 1

No 7.25 2.13–24.73 0.002 3.01 0.55–16.54 0.205

�N = 856 unless otherwise specified
�� N = 818

SHR: subhazard ratio.

aSHR:adjusted subhazard ratio.

1 Time-varying covariates. Time-varying covariates were handled by episode splitting

https://doi.org/10.1371/journal.pone.0269835.t003
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reinforce the prevention of MTCT in LMIC, particularly in areas of high HIV prevalence

where the risk of contracting HIV during the breastfeeding period is high. This would facilitate

initiation of ART in breastfeeding mothers and antiretroviral prophylaxis in their HIV

exposed infants. In addition to retesting, pre-exposure prophylaxis (PrEP) among women who

remain at risk for HIV acquisition in the postpartum period may be an effective approach to

reduce MTCT. In 2018 Mozambique began with the pilot implementation of PrEP in sero-dis-

cordant couples in Zambezia province and will expand PrEP nationally in 2022 to additional

target groups, including pregnant and breastfeeding women at risk and key populations [40].

The vast majority (>97%) of the mothers in our study initiated breastfeeding. This is in agree-

ment with data from Demographic and Health Surveys (2000–2013) for 57 countries which

showed a consistently high percentage of children who had ever breastfed across all regions

(weighted mean 98.2%, range of countries 87.8–99.8%) [41]. In terms of duration of breastfeed-

ing, in a study conducted in 2019 in an urban population of South Africa, similar to our results,

the duration of breastfeeding was also significantly lower among HIV-positive mothers as com-

pared to HIV-negative mothers [3.9 months vs 9.0 months, respectively, p<0.001] [42]. The strik-

ing difference in the duration of breastfeeding between women in our study and those studies by

Roux et al are likely due to shorter breastfeeding duration in urban compared to rural popula-

tions, compounded by social and contextual barriers, as previously described [43, 44]. Advice of

health workers, influence of relatives, stigma, conflicting opinions about the risk for MTCT and

poor dissemination of policies have been described as main reasons affecting breastfeeding

among HIV-positive women in the past [45–47]. However, little is known about the barriers for

prolonged breastfeeding after the implementation of the 2016WHO feeding guidelines.

The higher risk of discontinuing breastfeeding in HIV-exposed children could have impor-

tant health implications for this population. A clinical trial conducted in Uganda demonstrated

higher rates of serious gastroenteritis among HIV-exposed uninfected infants with early

breastfeeding cessation (8.0/1000 child-months) when compared to later breastfeeding cessa-

tion (3.1/1000 child-months; p<0.001) [48]. In addition, early cessation of breastfeeding is

associated with a lower probability of HIV-free survival compared with longer breastfed

infants who had lower overall mortality [44].

Our results suggest that in the context of B+ (lifelong ART to the mother and antiretroviral

prophylaxis to the children), duration of breastfeeding is not associated with an increased risk

of postpartumMTCT. Bispo et al (2017) in their systematic review found a pooled estimated

rate of overall HIV transmission by age six months of 3.5% and a pooled postnatal transmis-

sion rate by six months of 1.1% in women who were on ART from early-mid pregnancy and

breastfed for 6 months [4]. To our knowledge, no such study has been published after the

expansion of B+ prevention MTCT programs. Thus, our results fill the gap in knowledge on

the risk of MTCT associated with breastfeeding beyond 6 months of age in the context of B

+ strategy that recommends lifelong antiretroviral treatment for all pregnant and breastfeeding

women living with HIV.

Effective strategies to increase the duration of safe breastfeeding in HIV-exposed children

could allow them to reap the benefits of breastfeeding through the second year of life such as

decreased morbidity and mortality in comparison to HIV exposed infants who are weaned ear-

lier [49, 50]. Highlighted strategies proposed by the literature to promote breastfeeding among

HIV-exposed children include increased coverage of extended nevirapine prophylaxis to the

infants, active support and breastfeeding counseling [51]. Other strategies such as widespread

access to viral load testing could mitigate the fear of HIV transmission, reported by mothers

and health workers as a barrier to breastfeeding [52]. In the absence of viral load testing,

expansion of antiretroviral prophylaxis among HIV-exposed children until the end of breast-

feeding i one strategy supported by literature [44].
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This study has several limitations. First, 27% of the randomly selected mother/child pairs

were not located and we do not have information about their HIV status. Second, breastfeed-

ing duration was self-reported (in months) by mothers/caregivers for both HIV-exposed and

HIV non-exposed children patients at the time of the survey. As we have analyzed children

born up to 48 months prior to data collection, potential memory bias could affect the estima-

tions of breastfeeding duration. Third, due to missing data, it was not possible to establish the

HIV status of 6.2% (61/967) of HIV exposed children and it was not possible to establish the

period of MTCT (during pregnancy and delivery or during breastfeeding) of 23.5% (12/51) of

HIV infected children. We conducted a sensitivity analysis considering the 61 children with

unknown HIV serostatus as HIV-positive and the 12 HIV-infected children with unknown

period of MTCT as postpartumMTCT. It did not impact the estimates of postpartum-MTCT

and associated factors, even if the 12 with had a median duration of breastfeeding of 15 months

(95%CI: 5.6–24.0) Further studies with larger sample size and breastfeeding periods of 24

months or longer are needed. Fourth, the exact date of mothers’ seroconversion was unknown

and was established according to the assumptions described in the methods section. A sensitiv-

ity analysis considering the time of infection as random date selected from a uniform distribu-

tion, a point at the quarter of the interval between the two dates and a point at the three-

quarters of the interval between the two dates was robust and did not impact the classification

of time of HIV acquisition among HIV-positive children. Fifth, service delivery shortfalls or

stockouts of ART were not assessed during the study, which may have affected the ART initia-

tion of among HIV-positive mothers and ARV prophylaxis among HIV-exposed infants.

Finally, in Mozambique viral load became routinely available after 2016, and viral load cover-

age has slowly climbed over time. As a result, more than 60% of HIV infected mothers

included in the study did not have any viral load results prior to the survey, thus no adjust-

ments by viral suppression were possible in the multivariable model.

Conclusion
The risk for postpartumMTCT was nearly tenfold higher in women who were newly diag-

nosed or initiated ART during the postpartum period as compared to those who initiated ART

prior to childbirth. HIV-exposed children breastfed for significantly less time compared with

non-exposed children. Breastfeeding duration was not observed to be associated with an

increased risk of MTCT in the postpartum period in women on ART. These results emphasize

the importance of repeat HIV testing in the postpartum period, and support PrEP in breast-

feeding women at high risk for HIV infection. Moreover, further public health messaging to

encourage prolonged breastfeeding among HIV-exposed infants born to mothers adherent to

ART in Sub-Saharan African countries could bring long term health benefits for children.
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Abstract 

Background: The World Health Organization (WHO) risk assessment algorithm for vertical transmission of HIV (VT) 

assumes the availability of maternal viral load (VL) result at delivery and early viral control 4 weeks after initiating 

antiretroviral treatment (ART). However, in many low-and-middle-income countries, VL is often unavailable and moth-

ers’ ART adherence may be suboptimal. We evaluate the inclusion of the mothers’ self-reported adherence into the 

established WHO-algorithm to identify infants eligible for enhanced post-natal prophylaxis when mothers’ VL result is 

not available at delivery.

Methods: We used data from infants with perinatal HIV infection and their mothers enrolled from May-2018 to May-

2020 in Mozambique, South Africa, and Mali. We retrospectively compared the performance of the WHO-algorithm 

with a modified algorithm which included mothers’ adherence as an additional factor. Infants were considered at high 

risk if born from mothers without a VL result in the 4 weeks before delivery and with adherence <90%.

Results: At delivery, 143/184(78%) women with HIV knew their status and were on ART. Only 17(12%) obtained a 

VL result within 4 weeks before delivery, and 13/17(76%) of them had VL ≥1000 copies/ml. From 126 women on 

ART without a recent VL result, 99(79%) had been on ART for over 4 weeks. 45/99(45%) women reported suboptimal 

(< 90%) adherence. A total of 81/184(44%) infants were classified as high risk of VT as per the WHO-algorithm. The 

modified algorithm including self-adherence disclosure identified 126/184(68%) high risk infants.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 

permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 

original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 

to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 

regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 

licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 

mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

†Sheila Fernández-Luis, Maria Grazia Lain, Pablo Rojo and Alfredo Tagarro 

contributed equally to this work.

*Correspondence:  sheila.fernandez@isglobal.org; sheila.fernandez@manhica.

net; mlain@arielglaser.org.mz

1 Centro de Investigação em Saúde de Manhiça (CISM), Bairro Cambeve, Rua 

12, Distrito da Manhiça, CP 1929 Maputo, Mozambique
3 Fundação Ariel Glaser Contra o SIDA Pediátrico, Maputo, Mozambique

Full list of author information is available at the end of the article



Characterization of the prevention and care cascade in children living with HIV in the Manhiça district, Mozambique106

Background

Vertical transmission (VT) of HIV remains an unaccep-

table 12% in many Global Plan priority countries, where 

90% of the world’s pregnant women are living with HIV 

[1]. Since implementation of Option B+ strategy, [2] 

antiretroviral therapy (ART) coverage among pregnant 

women in eastern and southern Africa increased from 

84 to 92% [3]. However, the goal of eliminating new 

paediatric infections by 2030 [4] will likely be compro-

mised by multiple challenges in the VT-prevention cas-

cade, including access to adequate postnatal prophylaxis 

among HIV-exposed infants [1, 5–11].

VT prevention guidelines have evolved recently. 

Extended nevirapine (NVP) postnatal prophylaxis and 

dual or triple antiretroviral (ARV) prophylaxis have 

shown to halve VT among HIV-exposed infants com-

pared with short courses of AZT or NVP alone [12–17]. 

The latest World Health Organization (WHO) guidelines 

recommend enhanced post-natal prophylaxis with daily 

zidovudine (ZDV) and NVP for the first 6 weeks of life 

for HIV-exposed infants at high-risk of HIV acquisition, 

followed by an additional 6 weeks if high-risk and breast-

feeding. HIV-exposed infants at low-risk of VT should 

receive 4–6 weeks of prophylaxis with daily NVP (or 

twice-daily AZT) [18].

High-risk infants have mothers diagnosed with HIV 

at delivery and are either: 1.) not on ART 2.) started 

treatment within 4 weeks before delivery, or 3.) had a 

plasma viral load (VL) > 1000 copies/mL in the 4 weeks 

before delivering [18]. WHO designed an algorithm 

to assess HIV-exposed infants risk for HIV acquisi-

tion at delivery and to identify high-risk infants eli-

gible for enhanced post-natal prophylaxis [19]. The 

implementation of the WHO algorithm is challeng-

ing due to the paucity of required information for risk 

stratification [20]. The ‘high-risk criteria’ assume VL 

result availability, adequate maternal adherence, and 

early and sustained viral suppression after 4 weeks of 

ART [18]. However, VL testing coverage and moni-

toring, especially during pregnancy, is challenging 

in low-and-middle-income countries (LMIC). Many 

countries have scaled VL testing via point of care or 

dried blood spot testing. However, in routine operating 

conditions, many patients who are tested either don’t 

receive results or they are extremely delayed [1, 21, 

22]. Women with poor adherence or interrupted ART 

during pregnancy or breastfeeding have viral rebound 

and increased risk of VT [23–26]. In fact, peripartum 

viral suppression varies from 30 to 98% in different sub-

Saharan African settings, and despite an estimated 92% 

ART coverage among pregnant women, nearly 30% of 

new pediatric infections in East and Southern Africa in 

2018 were related to ART interruptions during preg-

nancy or breastfeeding [3, 10].

We retrospectively characterized post-natal prophy-

laxis coverage among infants living with HIV in sub-

Saharan Africa and assessed whether the inclusion of 

readily accessible information such as mothers’ self-

reported ART adherence into the WHO algorithm 

improved the identification of infants with perinatal 

HIV infection when maternal VL resulted unavailable.

Methods

Study population

This analysis was nested under a broader prospec-

tive cohort study (A prospective, observational, cohort, 

multicentre study of Early Anti-Retroviral Treatment in 

HIV- infected Infants: EARTH) within the EPIICAL pro-

ject (Early treated Perinatally HIV-Infected individuals: 

Improving Children’s Actual Life Project). The EARTH 

study aimed to monitor clinical, virological and immu-

nological features of HIV-positive, HIV early treated chil-

dren during the first 4 years of age, in order to identify 

participants with excellent viral and immunological con-

trol. The EARTH study included 1) perinatally infected 

infants who initiated ART ≤90 days after diagnosis and 

2) breastfed infants diagnosed with HIV ≤90 days of age 

and starting ART ≤90 days after diagnosis.

Standard of care for PMTCT 

Lifelong ART to all pregnant women living with HIV 

was offered at all sites. In Mozambique, HIV-exposed 

infants prophylaxis consisted of 6 weeks NVP to all 

infants until September 2019, [19, 27] and thereafter 

ZDV and NVP for the first 6 weeks of life, followed 

by NVP for 6 weeks to all infants, as all HIV-exposed 

infants were considered at high-risk for VT [28]. In 

South Africa and Mali, enhanced post-natal prophy-

laxis was implemented for high-risk HIV-exposed 

infants throughout enrollment [19].

Conclusions: In the absence of a VL result, mothers’ self-reported adherence at delivery increases the number of 

identified infants eligible to receive enhanced post-natal prophylaxis.

Keywords: Vertical transmission, Mother-to-child transmission, HIV-exposed infants, Paediatric HIV, Prevention of 

mother-to-child transmission, Enhanced post-natal prophylaxis
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Data collection and analysis

The target sample size for the EARTH study was 300 chil-

dren. For this analysis, we included mother-infant pairs 

recruited in the EARTH study from May 1st, 2018 to 

May 1st 2020 (N = 184) in 2 Mozambican sites, 3 South 

African sites and 1 site in Mali. Infants receiving an HIV 

diagnosis at the clinic were selected to participate along 

with their mothers. After obtaining informed consent, 

study personnel administered a study-specific question-

naire to the mother in a private room at the hospital, 

ensuring confidentiality. This questionnaire took 30 min-

utes on average and included information about sociode-

mographic characteristics, pregnancy and delivery, HIV 

diagnosis and care of the mother and a specific question 

on the number of doses missed by the mother during the 

month prior to the infant’s enrollment in the study. Sub-

optimal adherence was considered if > 10% of the ART 

doses were missed in the last month.

We retrospectively classified infants at high or low VT 

risk according to the WHO algorithm. We then modified 

the algorithm to include the maternal self-assessment 

of adherence to ART. For all women on ART for over 

4 weeks and without a VL test result 4 weeks upon deliv-

ery, suboptimal and optimal adherence were defined as 

< 90% and ≥ 90% self-reported ART adherence during 

pregnancy, respectively. Infants of mothers with subopti-

mal adherence were considered high risk.

CompareGroups R package [29] was used to compare 

sociodemographic and clinical baseline information 

of mothers and their infants classified as HIV-exposed 

infants at high risk of VT according to the two algo-

rithms, as described previously. The variables included 

were infant’s age and sex, maternal WHO stage, 

employment, marital status, education, and maternal 

health conditions or severe life events that arose at any 

later postnatal point during the study (change in employ-

ment, break-up, new partner, loss of home or moving/

relocation, death in the family). We also included infant’s 

post-natal prophylaxis regimens: standard (≤6 weeks 

with ZDV or NVP) or extended (≥ 6 weeks with NVP or 

ZDV or with NVP plus ZDV).

The normality of continuous variables was tested using 

the Shapiro-Wilk test. The Mann-Whitney Wilcoxon test 

was used to compare non-normally distributed continu-

ous variables. For categorical variables, absolute and rela-

tive frequencies were calculated, and Chi-squared tests 

or exact Fisher tests (frequencies< 5) were performed.

Results

A total of 184 infants living with HIV (n = 96 male) and 

their mothers were studied, 112 (61%) from South Africa, 

64 (35%) from Mozambique and 8 (4%) from Mali (Fig. 1). 

A total of 143 (78%) women were known HIV-positive 

and on ART at delivery. However, 29 women (16%) had 

their HIV diagnosis at delivery and were not on ART and 

12 (7%) were known to be HIV-positive prior to delivery 

but were not on ART. Among them, only 17/143 (12%) 

had a VL result within 4 weeks before delivery, 13/17 

(76%) of them had VL ≥1000 copies/ml. Therefore, most 

known HIV-positive women on ART (126/143, 88%) did 

not have a VL result. Of them, 99/126 (79%) had been on 

ART for over 4 weeks and 27/126 (21%) under 4 weeks. A 

total of 45/99 (45%) mothers reported suboptimal adher-

ence to ART.

Using the WHO algorithm, 81/184 (44%) of infants 

with HIV were defined as high risk of VT with VL 

Fig. 1 Study profile among the mother-child pairs examined for eligibility in the EARTH cohort until May 1st, 2020. Percentages are calculated over 

the previous parent box. ART = antiretroviral treatment
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available data. Following the inclusion of the self-

reported adherence risk factor applied to 99 mothers 

on ART greater than 4 weeks without VL test result, an 

additional 45 high-risk infants were identified. In total, 

the modified algorithm classified 126/184 (68%) infants 

as high risk of MTCT – assuming that infants born to 

mothers with suboptimal adherence are high risk (Fig. 2). 

The modified algorithm, identified higher number of high 

risk children than the WHO algorithm (p = 0.0001).

Among the 81 at high risk of MTCT according to 

WHO algorithm, 40% (32/81) received enhanced post-

natal prophylaxis, 30% (24/81) standard post-natal 

prophylaxis, 22% (18/81) did not received any post-natal 

prophylaxis and 9% (7/81) did not have information 

about the post-natal prophylaxis.

In table 1, we compared clinical and sociodemographic 

characteristics that could have acted as confounding fac-

tors in the risk of VT, between participants classified as 

Fig. 2 Classification of infants into high or low risk of HIV vertical transmission according to the WHO algorithm and WHO modified algorithm. 

The additional question was added at the last step for mothers on ART ≥4 weeks before delivery with no VL test result (in red). The WHO algorithm 

is described in green as well as the final classification of high-risk infants. The additional risk factor included in the modified WHO algorithm is 

depicted in red as well as the final classification of high-risk infants. Percentages were calculated using as denominator the number of mothers from 

the preceding classification step. ART = Antiretroviral treatment; VL = Viral Load
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high-risk by the WHO algorithm and the additional par-

ticipants classified as high risk when maternal adherence 

was incorporated into the algorithm. We did not find any 

differences in age, sex, maternal WHO status at delivery, 

maternal health, or social adverse events.

Discussion

In our study, nearly 90% of mothers of infants diagnosed 

with HIV did not have a VL result at delivery; a result 

on which the WHO algorithm relies. When applied in 

our cohort, the WHO algorithm identified 44% of the 

infected infants as high-risk for VT. When we added 

Table 1 Baseline characteristics of study participants classified as High-Risk by the WHO algorithm and the additional participants 

classified as high risk when maternal adherence was incorporated into the algorithm

Continuous variables summarized as: median [IQR], and categorical variables as: n (% of subjects within classification group, excluding missing values). The first row of 
each section shows the number of subjects without missing corresponding information, and last row number and percentage of missing values compared to the total 
number of subjects. Mother Severe Life Events: Any during the time of the study, including change in employment, separation or relationship break-up, new partner, 
loss of home or move, death in the family, other. Mother Health Issues: Any during the time of study. Mother Employment status, Marital status and Education asked at 
enrolment. Mother Social Adverse Events: Unemployed, single status or did not attend high school/university (asked at enrollment). Standard Post-natal prophylaxis: 
< 6 weeks with one of Zidovudine (AZT) or Nevirapine (NVP)

Variable Total WHO Algorithm 

High-Risk

Additional High-Risk with the 

inclusion of maternal adherence

p-value

n = 126 n = 81 n = 45

Age of Children at Enrollment (months) n = 126 n = 81 n = 45

1.57 [0.98;2.91] 1.64 [0.98;3.48] 1.38 [0.98;2.62] 0.277

 Missing values 0 (0%) 0 (0%) 0 (0%)

Sex of Children at Birth: n = 125 n = 80 n = 45

 Female 55 (44.0%) 33 (41.2%) 22 (48.9%) 0.523

 Male 70 (56.0%) 47 (58.8%) 23 (51.1%)

 Missing values 1 (0.8%) 1 (1.2%) 0 (0%)

Mother WHO HIV Status: n = 123 n = 78 n = 45

 Clinical stage 1/2 115 (93.5%) 72 (92.3%) 43 (95.6%) 1.000

 Clinical stage 3 7 (5.69%) 5 (6.4%) 2 (4.4%)

 Clinical stage 4 1 (0.81%) 1 (1.28%) 0 (0.00%)

 Missing values 3 (2.4%) 3 (3.7%) 0 (0%)

Mother Severe Life Events / Health Issues: n = 115 n = 74 n = 41

 No 62 (53.9%) 41 (55.4%) 21 (51.2%) 0.813

 Yes 53 (46.1%) 33 (44.6%) 20 (48.8%)

 Missing values 11 (8.7%) 7 (8.6%) 4 (8.9%)

Mother Social Adverse Events: n = 126 n = 81 n = 45

 No 5 (3.97%) 3 (3.7%) 2 (4.4%) 1.000

 Yes 121 (96.0%) 78 (96.3%) 43 (95.6%)

 Missing values 0 (0%) 0 (0%) 0 (0%)

Mother Employment Status n = 123 n = 79 n = 44

 Employed 14 (11.4%) 10 (12.7%) 4 (9.1%) 0.763

 Unemployed 109 (88.6%) 69 (87.3%) 40 (90.9%)

Missing values 3 (2.3%) 2 (2.5%) 1 (2.2%)

Mother Marital Status n = 126 n = 81 n = 45

 Single 76 (60.3%) 49 (60.5%) 27 (60.0%) 1.000

 Married 47 (37.3%) 30 (37.0%) 17 (37.8%)

 In a relationship, not cohabiting 3 (2.38%) 2 (2.47%) 1 (2.22%)

Missing values 0 (0%) 0 (0%) 0 (0%)

Mother Education n = 126 n = 81 n = 45

 No school 3 (2.38%) 2 (2.47%) 1 (2.22%) 0.850

 Primary 44 (34.9%) 26 (32.1%) 18 (40.0%)

 Secondary 74 (58.7%) 49 (60.5%) 25 (55.6%)

 University 5 (3.97%) 4 (4.94%) 1 (2.22%)

Missing values 0 (0%) 0 (0%) 0 (0%)
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mothers’ self-reported ART adherence to the WHO 

algorithm, the proportion of high-risk infants increased 

to 68%, suggesting that suboptimal adherence is associ-

ated with high risk. This modification of the algorithm 

increased the number of infected infants being classi-

fied as high-risk and eligible for enhanced post-natal 

prophylaxis.

This study also showed that information is often miss-

ing when assessing VT risk assessment according to the 

WHO algorithm, which jeopardizes early prescription 

of enhanced post-natal prophylaxis [15]. Only 12% of 

mothers on ART had a VL result 4 weeks prior to deliv-

ery. Similarly, a cross-sectional study of programmatic 

data in Zimbabwe revealed that the risk of MTCT using 

the WHO algorithm could not be determined in 90% of 

HIV-exposed infants due to lack of data [20]. A more 

recent study of 2080 HIV-exposed infants from Zimba-

bwe showed that 80% of mothers did not have a VL result 

between 28 weeks gestation to delivery [30]. Therefore, 

other factors should be considered to establish the risk 

of VT. Our results suggest that self-reported maternal 

adherence to ART could be an additional clinical factor 

to be considered in order to improve the algorithm to 

assess the risk of VT in the absence of VL. We also evalu-

ated other socio-clinical factors that could potentially 

affect the risk of MTCT, such as maternal WHO stage, 

level of education, employment status or adverse social 

events between the two algorithms. We didn’t find any 

difference among the participants newly classified as high 

risk of VT according to maternal ART adherence and the 

participants classified by the WHO algorithm as high risk 

of VT. However, further studies evaluating additional 

socio-clinical variables could inform more targeted algo-

rithms to improve prevention of VT.

ART duration over 4 weeks, as incorporated in the 

algorithm, does not justify the assumption of viral sup-

pression or the low VT risk. Although many countries 

have recently changed from EFV-based maternal ART 

to Dolutegravir, which has been shown to have supe-

rior early virologic suppression [31], adherence remains 

a paramount. Poor maternal adherence or interrupted 

ART during pregnancy and breastfeeding may cause 

high VL and subsequent increased transmission risk 

[23–26]. As such, infants are misclassified as ‘low-risk’ 

and do not receive appropriate e-PNP. The use of point-

of-care devices for VL may be used at delivery and pro-

vide results in under 90 minutes, however, these devices 

are not widely available in LMIC [32]. Modification of 

the existing WHO risk evaluation algorithm to include a 

maternal self-reported adherence may significantly ben-

efit countries without a consolidated laboratory network 

capacity to ensure optimal VL monitoring. Investigating 

the mothers’ self-reported ART adherence at delivery 

is an easy and low-cost intervention to guide nurses in 

identifying high-risk infants eligible for enhanced post-

natal prophylaxis in the absence of VL result.

In our cohort, 45% of mothers on ART for over 4 weeks 

without a VL result reported sub-optimal adherence. The 

actual proportion might be higher, since self-reported 

adherence is a reliable method with low cost and good 

specificity [33] widely used in clinical practice, but tends 

to overestimate adherence behavior compared with other 

methods [9]. Low self-reported adherence during preg-

nancy and breastfeeding is associated with viremia and 

virological treatment failure [34, 35]. The high number 

of women who self-disclosed ART-adherence difficulties 

in our study suggests that in the absence of VL result, 

time on ART is not enough to evaluate VT risk. Effective 

interventions to support adherence during pregnancy 

must be considered.

Our findings showed that 30% of HIV-exposed infants 

at high-risk of HIV infection according to WHO algo-

rithm had no access to enhanced post-natal prophylaxis, 

which can be partially due to the recent guideline imple-

mentation in Mozambique [28]. A study in Zimbabwe 

also showed low enhanced post-natal prophylaxis cover-

age rates among HIV-exposed infants [20]. We also found 

a high proportion (17%) of HIV-exposed infants who 

alarmingly did not receive any PNP at all. Further studies 

should evaluate enhanced post-natal prophylaxis com-

pliance and algorithm feasibility in the clinical setting, 

including HIV-exposed children at high risk of VT who 

never become infected. Nevertheless, our results suggest 

that besides modifying the WHO algorithm and training 

health staff on its correct application, further efforts are 

needed to ensure access to timely maternal VL testing 

and infant enhanced post-natal prophylaxis.

Our results have implications for policy, practice and 

public health. This study provided a comprehensive eval-

uation of the WHO risk assessment algorithm for VT. On 

one hand, we identified that the coverage of enhanced 

postnatal prophylaxis among infants with high risk of 

VT transmission was not optimal. On the other hand, 

our results suggested that adding maternal adherence to 

ART could increase the coverage of enhanced postnatal 

prophylaxis in high-risk infants, thus reinforcing WHO 

recommendations in clinical practice. The application 

of this simple measure would be especially beneficial in 

settings with less structural capacity to obtain viral load 

results. It would allow the allocation of limited resources 

towards prevention measures for children at high risk 

and inform interventions to improve VT prevention.

This study has several limitations. First, we included 

only infants confirmed to have HIV infection, and retro-

spectively reviewed their VT risk classification. For this 

reason, we could not calculate the specificity of the two 
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algorithms. Second, the mothers’ ART adherence was 

self-reported at recruitment and recall bias, as well as 

social desirability bias, may have led to over-reporting 

of good adherence. We defined 1 month prior to study 

enrollment as the time interval for observing the num-

ber of missed doses in order to improve the validity of 

past reporting. We based this on the fact that a shorter 

time frame allows the respondent to more easily recall 

an event rather than having to recall a behavior over a 

large period of time. However, further studies evaluat-

ing a standardized method and definition of self-reported 

adherence would be important to generalize our results 

on ART adherence and validate the inclusion of the self-

reported adherence to ART in the algorithm in other 

contexts. Third, we didn’t find difference in the confound-

ers factors analyzed, however other potential confound-

ing factors such as type of infant feeding, home delivery 

or maternal drug resistance have not been accounted for. 

Fourth, the relatively small sample size can compromise 

the generalizability of the results. Further studies with 

larger sample size are needed to validate this results in 

populations from different settings. 

In conclusion, incorporation of maternal self-reported 

adherence in the WHO algorithm for VT risk assess-

ment improves the identification of infants eligible for 

enhanced post-natal prophylaxis and should be consid-

ered in the algorithm. A study including HIV-exposed 

uninfected infants is needed to assess whether the modi-

fied WHO algorithm adequately identifies infants who 

do not need enhanced post-natal prophylaxis and remain 

HIV-free after breastfeeding.
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Background: There are 170,000 children living with HIV in 2017 in 
Mozambique. Scaling-up HIV care requires effective retention along the 
cascade. We sought to evaluate the pediatric cascade in HIV care at the 
Manhiça District Hospital.
Methods: A prospective cohort of children <15 years was followed from 
enrollment in HIV care (January 2013 to December 2015) until December 
2016. Loss to follow-up (LTFU) was defined as not attending the HIV hos-
pital visits for ≥90 days following last visit attended.
Results: From the 438 children included {median age at enrollment in care of 
3,6 [interquartile range (IQR): 1.1–8.6] years}, 335 (76%) were antiretroviral 
therapy (ART) eligible and among those, 263 (78%) started ART at enrollment 
in HIV care. A total of 362 children initiated ART during the study period and 
the incidence rate of LTFU at 12, 24, and 36 months post-ART initiation was 41 
[95% confidence interval (CI): 34–50], 34 (95% CI: 29–41), and 31 (95% CI: 
27–37) per 100 children-years, respectively. Median time to LTFU was 5.8 (IQR: 
1.4–12.7) months. Children 5–9 years of age had a lower risk of LTFU compared 
with children <1 year [adjusted subhazard ratio 0.36 (95% CI: 0.20–0.61)]. Re-
engagement in care (RIC) was observed in 25% of the LTFU children.
Conclusions: The high LTFU found in this study highlights the special 
attention that should be given to younger children during the first 6 months 
post-ART initiation to prevent LTFU. Once LTFU, only a quarter of those 
children return to the health unit. Elucidating factors associated with RIC 
could help to fine tune interventions which promote RIC.

Key Words: HIV children, HIV care cascade, HIV care continuum, reten-
tion in HIV care, lost to follow up, sub-Saharan Africa

(Pediatr Infect Dis J 2020;39:429–434)

There are 2.1 million Mozambicans living with HIV and 170,000 
of them are children under 15 years of age.1

The cascade in HIV care describes the sequential stages of 
medical attention that people living with HIV experience between 
diagnosis and achieving sustained viral suppression.2 The WHO has 
adopted the UNAIDS 95‐95‐95 targets to reach 95% of people liv-
ing with HIV diagnosed; 95% of diagnosed initiating antiretrovi-
ral therapy (ART); and 95% on ART with viral load suppression to 
end the AIDS epidemic by 2030.3 The pediatric HIV care cascade 
has not been studied well and the available reports on the quality of 
pediatric HIV care have documented high rates of loss to follow-up 
(LTFU) and early mortality.4–9 Additionally, little is reported about 
the dynamics of re-engagement in care (RIC) in children living with 
HIV who were LTFU.

This study aims to evaluate the HIV care cascade, factors 
associated with LTFU and the dynamics of RIC in a cohort of chil-
dren enrolled at the Manhiça District Hospital (MDH), Mozam-
bique.

METHODS

Study Setting
The study was conducted at the MDH, a public hospital 

located in a semi-rural area in southern Mozambique, with an esti-
mated overall HIV community prevalence in adults of 39.9% [95% 
confidence interval (CI): 35.9%–43.8%] in 2012.10 Since 1996, the 
Manhiça Health Research Centre has run a continuous health and 
demographic surveillance system (HDSS) for vital events including 
births, deaths, and migrations covering a total population of nearly 
174,000 individuals.11 At the time of the study, children under age 
18 months were diagnosed with HIV infection through a DNA pol-
ymerase chain reaction assay in the reference laboratory. After age 
18 months, serologic testing was used for HIV diagnosis. Clinical 
consultations were monthly but could be spaced to every 2 months 
or quarterly in children with good clinical and immune response. 
Children ≥5 years of age were eligible for ART if based on CD4+ 
T-lymphocyte (CD4) cell count below 350 cell/mm3 or below 500 
cell/mm3, before and after May 2015, respectively, or WHO stage 
III–IV. Universal treatment was recommended for all HIV-infected 
children <5 years of age.12 Pharmacy pickup of ART was monthly 
for all children. First-line treatment was zidovudine (AZT) + lami-
vudine (3TC) + nevirapine (NVP) for children ≥5 years of age and 
<35 kg and tenofovir disoproxil fumarate (TDF) + 3TC + efavirenz 
(EFV) for those ≥5 years of age and ≥35 kg. Children under 5 years 
who had previously received prophylaxis for prevention of mother-
to-child transmission were given AZT + 3TC + lopinavir/ritonavir 
(LPVr) and those who had not received prophylaxis for prevention 
of mother-to-child transmission were given AZT + 3TC + NVP 
according to national guidelines.12,13

Study Design and Procedures
This is a descriptive study of a prospective cohort includ-

ing all children <15 years newly enrolled in HIV care at the MDH 
between January 2013 and December 2015. Children transferred to 
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MDH from another health facility were excluded from this analysis. 
Patients were followed in the context of the study from their date of 
enrollment in HIV care until December 2016, for a maximum study 
period of 4 years.

Information about the frequency of clinical consultations, 
ART pharmacy pick-up and referrals was extracted from the rou-
tinely collected data in the electronic MDH HIV pediatric database. 
Mortality and sociodemographic data were extracted from HDSS 
database. Clinical information was collected in a specific question-
naire in electronic format in Open Data Kit software 1.414 during 
the clinical visits and uploaded into a database in Research Elec-
tronic Data Capture Software 5.7.3.14

Study Definitions
Care cascade indicators included proportion of children eli-

gible for ART at enrollment in care, proportion of children initiat-
ing ART during the first 3 months after enrollment in care among 
those eligible, and proportion of children retained in HIV care at 12 
months post-ART initiation.

Enrollment in care was defined as having a first clinical con-
sultation in the HIV clinic.

LTFU was defined for children on ART as not having attended 
their clinical consultation appointment or pharmacy pickup for ≥90 
days following last consultation/pharmacy visit attended among 
patients considered alive and not transferred to another unit which 
implies a delay of at least 60 days in ART pick-up. The date of the 
last attended visit was considered the date of LTFU.

Among patients considered LTFU, RIC was defined as the 
date that the patient returned to clinic or the pharmacy. Those par-
ticipants who had RIC followed by a new LTFU episode during the 
study period were classified as “RIC and LTFU.”

Immunosuppression was defined as severe suppression 
(<15%), moderate suppression (15 to <25%) and no evidence of 
suppression (≥25%).15

Socioeconomic status (SES) was represented by a wealth 
index generated by an asset-based, multiple-correspondence analy-
sis to categorize the household SES into 5 wealth quintiles as pre-
viously described.16 The 2 lowest quintiles were grouped as “low 
SES” and the remaining 3 quintiles as “higher SES.”

Z-scores for nutritional status evaluation were calculated 
using the WHO Child Growth Standard 2006.17 Stunting was 
defined as height-for-age z-score (HAZ) <−2 SD. Underweight was 
defined as weight-for-age z-score <−2SD for children <10 years. 
Wasting was defined as weight-for-height Z-score <−2SD for chil-
dren <5 years and body mass index-for-age Z-score <−2SD for 
children 5–19 years.

Anemia was defined as Hb≤ 8g/dl.12

Health problems were self-reported by the parents/caregivers.

Statistical Considerations
Data were analyzed using Stata statistical software version 

15 (Stata Corp., College Station, TX).18

Medians and interquartile ranges (IQR) were calculated to 
describe continuous variables and categorical variables were sum-
marized using frequencies.

Cumulative incidence estimation was used to describe LTFU 
incidence post-ART initiation among children who started ART at 
enrollment or during follow-up, excluding those initiating ART dur-
ing the last 90 days of the study or those who were transferred before 
ART initiation. Censored individuals were included in the denomina-
tor.

Competing-risks regression for death and migration 
according to the method of Fine and Gray19 was used to assess 
which variables were related to the first episode of LTFU. A mul-
tivariable model was built performing a stepwise selection of 
the variables with significance lower than 0.20 in the bivariable 
analysis.

FIGURE 1. HIV care cascade from enrollment to 12-month retention conditioned on the previous 
step of the cascade. The percentage in each column was calculated using as denominator the 
number of children in the previous column. Enrolled in care: with a first clinical visit. ART eligible 
at enrollment in care according to national criteria explained in methods. ART initiated: those who 
initiated ART within 3 months of enrollment in care. Retained 12 months: retention 12 months after 
ART initiation with no episode of LTFU. ART indicates antiretroviral therapy; LTFU, lost to follow-up.
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Ethics Statement
This study was approved by the Mozambican National Bio-

ethics Committee and the Barcelona Hospital Clinic Institutional 
Review Board. Written informed consent was obtained from the 
parents/caregivers of all children.

RESULTS

Baseline Characteristics of the Cohort at 
Enrollment in HIV Care

Among 438 children enrolled in HIV care, the propor-
tion of enrollment by year was 0.43, 0.31 and 0.25 in 2013, 
2014, and 2015, respectively. Median age at enrollment was 
3.6 (IQR: 1.1–8.6) years and 209 (48%) were female (baseline 
characteristics, Supplemental Digital Content 1, http://links.
lww.com/INF/D786).

Advanced WHO stage (III–IV) was present in 39 (9%) chil-
dren but 134 (31%) did not have a WHO staging at enrollment. 
However, when including anemia and wasting as advanced stage, 
the number of children considered to have advanced WHO at enroll-
ment was 106 (24%). Severe immunosuppression was present in 86 
(25%) of the 345 with a CD4 result and moderate immunosuppres-
sion in 128 (37%). Although data on immunosuppression and WHO 

stage was missing for 21% and 24% children, respectively, only 29 
(7%) were missing both. Median values of weight-for-age z-score, 
weight-for-height Z-score, and body mass index-for-age Z-score 
were −1.18 (95% CI: −1.35 to −1.01), −0.34 (95% CI: −0.52 to 
−0.16), and −0.27 (95% CI: −0.41 to −0.14), respectively. A health 
problem during the month before enrollment in care was reported 
by 71 (16%) patients, 40 (56%) of them requiring hospitalization.

Seventy-seven (18%) of children were 10–15 years of age 
at enrollment in care. Among these, 39% and 23% presented with 
moderate and severe immunosuppression respectively. Only 1 (1%) 
reported PTV, while 44% reported not receiving PTV and 55% 
were unknown.

Twelve-month Pediatric HIV Care Cascade  
Post-ART Initiation

Of 335 (76%) enrolled children who were ART eligible, 263 
(78%) started ART within 3 months of enrollment in care (Fig. 1), 
with a median time between enrollment and ART initiation of 17 
(IQR: 6–35) days.

At 12 months post-ART initiation, 165 (63%) of the 263 
children who initiated ART had been continuously retained in care 
(Fig. 1), while 51 (20%) presented at least 1 LTFU episode, 10 
(4%) had died, and 35 (13%) had transferred to another facility. 

FIGURE 2. Cumulative 
incidence of LTFU after ART 
initiation among children who 
initiated ART at any time before 
the final 90 days of the study 
period (N = 362) for the overall 
population (A) and according 
to age group (B) Cumulative 
incidence is expressed as the 
proportion of LTFU in a given 
time period. ART indicates 
antiretroviral therapy; LTFU, 
lost to follow-up.
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No differences in mortality at 12 months post-ART initiation were 
observed by age group (P = 0.268).

Among the 66 not eligible and the 37 with missing data for 
ART eligibility at enrollment, 58 (56%) became eligible during the 
12-month follow-up period and all of them initiated ART.

Incidence of LTFU Over 36 Months Following ART 
Initiation

We then assessed LTFU in children who initiated ART at any 
time before the last 90 days of the study period. This population of 
362 children included the 263 who initiated ART within 3 months of 
enrollment, 44 who initiated ART later and 55 children who become 
eligible and initiated ART in the above specified time period.

Figure 2 shows the cumulative incidence of LTFU from 
ART initiation until the end of the study period, among the 362 
children who initiated ART. The median time of follow-up from 
ART initiation to the end of the study period (December 31, 2016) 
was 32.6 (IQR: 20.8–39.9) months.

At 12, 24, and 36 months post-ART initiation, of the 362 
children having initiated ART, there were a total of 107 children 
[30% (95% CI: 25–35)], 136 children [38% (95% CI: 33–43)], and 
146 children [40% (95% CI: 35–46)], respectively, with at least 1 
LTFU episode. The LTFU incidence rate was 41 (95% CI: 34–50), 
34 (95% CI: 29–41), and 31 (95% CI: 27–37) per 100 children 
years at month 12, 24, and 36, respectively.

Among the 146 children who fulfilled the definition for an 
LTFU episode the median time from ART initiation until the first 
LTFU episode was 5.8 (IQR: 1.4–12.7) months.

Factors Associated with First Episode of LTFU Post-
ART Initiation

We then assessed factors associated with first episode of 
LTFU post-ART initiation including the 362 children who initiated 
ART at any time before the last 90 days of the study period.

Bivariable competing risks proportional sub-hazards regres-
sion identified younger age at ART initiation (P < 0.0001), unknown 
immunosuppression status (P = 0.0007), lower/unknown SES  
(P = 0.0497), and advanced WHO stage (P = 0.0837) as signifi-
cantly associated with increased incidence of LTFU (Table 1).

In the multivariable model, younger age at ART initiation 
and unknown immunosuppression status were the independent 
factors associated with LTFU. Children 5–9 years of age had an 
adjusted sub-hazard ratio of 0.36 (95% CI: 0.20–0.61) for LTFU 
compared with children <1year of age P < 0.0001 (Table 1). Those 
with unknown immunosuppression status (no CD4 results) had an 
adjusted sub-hazard ratio of 2.50 (95% CI: 1.56–4.01) compared 
with those with no immunosuppression even after adjustment for 
WHO stage. Those with moderate or severe immunosuppression 
showed a trend for higher LTFU but did not reach significance. At 2 
years post ART initiation, children 5–15 years of age at ART initia-
tion had a 34 % risk of LTFU whereas children <1 year of age at 
ART initiation had close to a 62% risk of LTFU (Fig. 2B).

TABLE 1. Cox Regression of Factors Associated with First Episode of LTFU After ART Initiation with Competing-
risks for Death and Migration

Factors

Bivariable Model Multivariable Model*

SHR 95% Confidence Interval P-value SHR 95% Confidence Interval P-value

Sex (n = 362) Male 1  0.6511 1  0.8697
Female 1.08 0.78–1.49 0.97 0.64–1.47

Age at ART initiation (n = 362) <1 1  <0.0001 1  <0.0001
1–4 0.50 0.33–0.74 0.41 0.25–0.68
5–9 0.32 0.19–0.55 0.24 0.12–0.47

10–15 0.31 0.18–0.54 0.26 0.13–0.53
Year of enrollment in care (n = 362) 2013 1  0.3053  

2014 1.33 0.92–1.93
2015 1.12 0.73–1.71

Time from enrollment in care to ART initiation 1 1 0.046    
Mother and father status (n = 362) Both present 1  0.3164  

One or both absent 0.80 0.51–1.24
Socioeconomic index (SES) (n = 304) Low SES 1  0.0839  

Higher SES 0.72 0.50–1.04
Immunosupression (n = 296) No 1  0.4609  

Moderate 1.33 0.84–2.11
Severe 1.22 0.76–1.96

Anemia (n = 275) No 1  0.0290  
Yes 1.67 1.05–2.65

WHO stage at enrollment in care  
(n = 243)

I–II 1  0.0431 1  0.0554
III–IV 1.70 1.02–2.84 1.66 0.99–2.78

Health problem during the month 
before enrollment in care 1 (n = 312)

Yes 1  0.4699  
No 0.84 0.53–1.34

Stunting (n = 343) No 1  0.5108  
Yes 0.89 0.64–1.25

Wasting (n = 309) No 1  0.0395  
Yes 1.67 1.03–2.73

Severe suppression was defined as CD4 percentage <15%, moderate suppression as CD4 percentage 15 to <25% and no evidence of suppression as CD4 percentage ≥25%. 
Stunting was defined as Height-for-age z-score (HAZ) <−2 SD. Underweight was defined as weight-for-age z-score (WAZ) <−2 SD for children <10 years. Wasting was defined as 
weight-for-height Z-score (WHZ) <−2 SD for children <5 years and body mass index (BMI)-for-Age Z-score (BAZ) <−2 SD for children 5–19 years. Anemia was defined as hemoglobin 
concentrations of ≤8 g/dL.

*Number of observations = 243.
SHR, Subhazal ratio.
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Re-engagement in Care After a LTFU Episode
We then assessed the dynamics of RIC among the 146 

children who had a LTFU episode during the study period. 
Longer median times between ART initiation and the end of the 
study period allowed demonstration of LTFU-RIC cycles after 
ascertainment of child status through HDSS and clinical records  
(P = 0.0156). The overall median follow up time for the 146 chil-
dren with an LTFU episode was 32.4 (IQR: 23.6–40.8) months.

By the end of the study period, of the 146 children with ini-
tial LTFU episodes recorded, 94 (64%) had never come back to the 
health unit, 5 (3%) had died after becoming LTFU, 10 (7%) had 
migrated to another district, and 37 (25%) had reengaged. Median 
time to RIC was 4.6 (IQR: 3.2–6.2) months.

Of those 37 children who were LTFU and RIC, 22 (60%) 
continued RIC at the end of the study period and 15 (40%) pre-
sented another LTFU episode. Median age at ART initiation was 
2.3 (IQR: 0.5–9.5) years for those who continued RIC and 2.5 
(IQR: 0.7–11.0) years for those who RIC and presented another 
LTFU episode and median follow time was 35.7 (IQR: 30.4–40.8) 
months and 39.4 (IQR: 31.9–43.4) months, respectively.

Of the 64% of LTFU who never returned, the median age 
at ART initiation was 1.7 (IQR: 0.9–4.9) years and follow-up time 
was 30.6 (IQR: 20.5–38.7) months.

DISCUSSION
This analysis documents that younger age at ART initiation 

increases the risk for LTFU, mainly occurring in the first 6 months 
post-ART initiation. Not having a CD4 result was also associated 
with a high risk of LTFU. A follow-up time of over 3 years allowed 
us to estimate that one quarter of LTFU children reengaged in care 
in a median time of 4.6 months after LTFU.

A high rate of LTFU, particularly for younger children, has 
also been observed in pediatric cohorts from Kenya, Mozambique, 
Rwanda, and Tanzania in 2005–2011.20 However, few studies have 
explored mothers’ reasons for LTFU which may include lack of 
money for transportation and/or medication side effects.21 Nearly 
half of the children had moderate to severe immunosuppression at 
enrollment in care. Similar levels in other pediatric cohorts from 
Mozambique in 201322 and other sub-Saharan African countries in 
2004–201223 suggest little improvement over time. Another 20% 
were missing a CD4 result, which could indicate a lower quality of 
care and it was associated with a 2.3 higher risk of LTFU as com-
pared with non-immunosuppressed children.

The decrease in numbers of children enrolled at the MDH 
between 2013 and 2014–2015 was likely related to Mozambique’s 
decentralization of HIV care to lower level health facilities, since 
the MTCT rate remained relatively stable in Mozambique.24

The high proportion of children with immunosuppression 
along with the elevated median age at enrollment in care points 
toward a missed opportunity for more timely diagnosis both in infants 
with known perinatal HIV exposure and/or in infants whose mothers 
acquired HIV infection in pregnancy or during breast-feeding. The 
implementation of point-of-care infant HIV diagnosis in 2017 may 
improve early diagnosis in infants with known perinatal HIV expo-
sure. However, HIV incidence in postpartum women in Mozambique 
in 2008–2011 was 3.20/100 women-years (95% CI: 2.3–4.5) with 
an associated MTCT rate of 21% (95% CI: 5–36).25 Similar inci-
dence (average 4%) in pregnant and breast-feeding women have also 
been observed in other sub-Saharan Africa countries.26 Mozambican 
guidelines recommends HIV testing every 3 months for key popula-
tions, sero-discordant couples, blood donors, pregnant women, and 
her partners.27 Reduction of time between tests as well as self-testing 
options for lactating mothers living in areas of high HIV incidence 

may be promising interventions to ensure that seroconversions dur-
ing breast-feeding are diagnosed in a timely fashion.

This analysis revealed that 25% of those LTFU reengaged 
in care. However, this number is likely to be underestimated since 
we did not have sufficient follow-up time for all of the LTFU in 
the study. Additionally, further studies are needed to evaluate the 
impact that LTFU-RIC cycles have on immunosuppression, nutri-
tional status and other clinical parameters. RIC has been described 
very little in the literature, especially in children. In a study of adults 
in Kenya, the cumulative incidence of reengaging in care, to either 
a new clinic or the original clinic was 14% (95%CI: 7%–23%) at 3 
months and 60% (95% CI: 48%–69%) at 6 months after the most 
recent attended clinic appointment.28

Understanding a child’s LTFU-RIC cycles is fundamental to 
having a more global view of retention, limiting LTFU and acceler-
ating time to RIC in this vulnerable population. Assessing routinely 
collected data could contribute to identifying factors associated 
with RIC and designing specific interventions. However, paper-
based charts, lack of unique identifiers and high rates of transfer 
and migration complicate the task. Considering the 5.8-month 
median time from ART initiation to the first LTFU episode in the 
PECA cohort, there is a window of opportunity for interventions 
during the first 6 months in all children initiating ART both to mini-
mize LTFU and to promote timely RIC.

The Expanded Programme on Immunization programs in 
sub-Saharan African countries have a high vaccination coverage 
and extend to rural areas such as the Manhiça district.29 A sys-
tematic review on integration of HIV testing during immunization 
clinic visits in SSA reported over 90% acceptability by mothers.30 
Such programs could also be used as a platform to send reminders 
to mothers and children HIV counseling and visits.

Our study has several limitations. First, enrollment in the 
study happened during the first consultation. The diagnosis of HIV 
was not made during the study and we cannot guarantee the identifi-
cation of false-positives. However, we assume compliance with the 
Mozambican guidelines that all children under 18 months should be 
diagnosed and confirmed by virologic methods, which minimizes 
the possibility of bias. Second, the high proportion of missing data in 
CD4 and WHO stage could have resulted in underestimates of ART 
eligibility. Third, lack of systematic active tracing of LTFU children 
results in some children classified as LTFU who are actually silent. 
Incomplete identification of deaths, despite HDSS access, could 
also results in some deaths being classified as LTFU, further con-
tributing to overestimates of. Fourth, the median of follow-up from 
ART initiation to the end of the study was 32 months. Censored data 
could have affected the estimation of LTFU at 36 months post-ART 
initiation and proportion of the RIC after LTFU.

CONCLUSIONS
The high LTFU found in this study highlights the special 

attention that should be given to younger children during the first 
6 months after ART initiation to prevent LTFU. Once LTFU, only a 
quarter of those children return to the health unit, mostly within the 
first months after drop out. Elucidating factors associated with RIC 
could help to refine interventions which promote RIC.
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Abstract

Introduction
Manhiça District, in Southern Mozambique harbors high HIV prevalence and a long history

of migration. To optimize HIV care, we sought to assess how caregiver’s mobility impacts

children living with HIV (CLHIV)´s continuation in HIV care and to explore the strategies

used by caregivers to maintain their CLHIV on antiretroviral treatment (ART).

Methods
A clinic-based cross-sectional survey conducted at the Manhiça District Hospital between

December-2017 and February-2018. We enrolled CLHIV with a self-identified migrant care-

giver (moved outside of Manhiça District�12 months prior to survey) and non-migrant care-

giver, matched by the child age and sex. Survey data were linked to CLHIV clinical records

from the HIV care and treatment program.

Results
Among the 975 CLHIV screened, 285 (29.2%) were excluded due to absence of an adult at

the appointment. A total of 232 CLHIV-caregiver pairs were included. Of the 41 (35%)

CLHIV migrating with their caregivers, 38 (92.6%) had access to ART at the destination

because either the caregivers travelled with it 24 (63%) or it was sent by a family member 14

(36%). Among the 76 (65%) CLHIV who did not migrate with their caregivers, for the pur-

pose of pharmacy visits, 39% were cared by their grandfather/grandmother, 28% by an

aunt/uncle and 16% by an adult brother/sister. CLHIV of migrant caregivers had a non-sta-

tistically significant increase in the number of previous reported sickness episodes (OR =

1.38, 95%CI: 0.79–2.42; p = 0.257), ART interruptions (OR = 1.73; 95%CI: 0.82–3.63; p =

0.142) and lost-to-follow-up episodes (OR = 1.53; 95%CI: 0.80–2.94; p = 0.193).
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Conclusions
Nearly one third of the children attend their HIV care appointments unaccompanied by an

adult. The caregiver mobility was not found to significantly affect child’s retention on ART.

Migrant caregivers adopted strategies such as the transportation of ART to the mobility des-

tination to avoid impact of mobility on the child’s HIV care. However this may have implica-

tions on ART stability and effectiveness that should be investigated in rural areas.

Introduction
The New York Declaration for Refugees and Migrants encourages countries to address the vul-

nerabilities to human immunodeficiency virus (HIV) and the specific health care needs experi-

enced by migrant and mobile populations, as well as by refugees and crisis-affected

populations, and to support their access to HIV prevention, treatment, care and support [1].

However, evidence suggests that the Southern African Development Community (SADC)

countries remain poorly equipped to initiate and manage the political discussions within and

between member states that are required to develop appropriate regional responses to migra-

tion, mobility, and HIV [2].

Mozambique is a SADCmember with the southern region of the country harboring high

rates of population movement within and between countries such as Eswatini and South Africa

[3, 4]. Such high mobility has contributed to the spread of HIV via well-documented corridors

of population movement [5–9]. The patterns and types of migration have changed consider-

ably over the decades from the colonial era state-controlled “male-only” labor migration to

mines and farms to a mix of clandestine work-seeking migrants or refugees fleeing from the

civil war and environmental catastrophes in Mozambique [10]. Women represent an increas-

ingly large segment of employment mobility corresponding to about 50% of migrants in some

regions of the country and working in less specialized sectors of activity such as agriculture,

fishing, informal trade or domestic work [11, 12].

The effect of migration and mobility on HIV care has been mostly described among adults.

Studies have shown that the combination of high HIV prevalence and differing patterns of

mobility has a negative impact on access to HIV and sexually transmitted infections preven-

tion and care for migrants and their sexual partners, both at the origin and destination house-

holds [13–15]. Regarding children living with HIV (CLHIV), previous studies have

demonstrated that the distance as well as the time spent outside of the origin household by

caregiver may have a large impact on childhood immunizations [16]. Nevertheless, data

describing the effects of caregiver’s mobility on the continuation of their children’s HIV care is

unknown in Mozambique.

In Mozambique, as at the end of 2019 it was estimated 150,000 CLHIV, with 15,000 new

infections among children younger than 15 years of age [17, 18]. The country was committed

to achieve the UNAIDS 95-95-95 targets by 2020, but retention on antiretroviral treatment

(ART) presents a particular challenge, with recent reports estimating a 70% retention at 12

months of ART initiation [19, 20]. Given the high mobility, it is very likely that a proportion of

these children retained in care have migrant or mobility caregivers, but our understanding of

the specific strategies used by migrants and mobility caregivers to retain their children in HIV

care and ART is limited.

The main objectives of this study were to describe the pattern of mobility among caregivers

of children enrolled in HIV care at the Manhiça District Hospital (MDH), to assess how

PLOS ONE Caregiver mobility on child HIV care

PLOSONE | https://doi.org/10.1371/journal.pone.0261356 December 16, 2021 2 / 14

Funding: This work was supported by the Centro
de Investigação em Saúde de Manhiça (CISM). TN
(corresponding author) is supported by a career
development fellowship co-funded by the EDCTP
(European and Developing Countries Clinical Trials
Partnership) and the Calouste Gulbenkian
Foundation (Portugal) (grant number:
TMA2017CDF-1927 – Preg_multidrug). CISM is
supported by the Government of Mozambique and
the Spanish Agency for International Development
(AECID).

Competing interests: The authors have declared
that no competing interests exist.



Characterization of the prevention and care cascade in children living with HIV in the Manhiça district, Mozambique126

caregiver’s mobility affects CLHIV continuation in HIV care, and to explore the strategies

used by mobile caregivers to retain their CLHIV in HIV care and on antiretroviral treatment.

Materials andmethods

Study setting

The study was conducted in Manhiça, a rural area located 80 kilometers north of the capital

Maputo that has 21 health centers, one rural hospital and one referral district hospital, the

Manhiça District Hospital (MDH). A Health and Demographic Surveillance System (HDSS)

run by the Centro de Investigação em Saúde de Manhiça (CISM) has been in place in Manhiça

since 1996, facilitating confirmation of vital status, migration and socio-economic status,

among others [21]. The area is endemic for HIV and as at the end of 2017, 2237 children were

registered with pediatric HIV services across the district, of which 30% were followed at HDM

(Manhiça health authority’s communication, 2017). HIV services are offered free of charge in

all health facilities. Every newly HIV diagnosed patient is encouraged to enroll in care and

patients can be tracked within sites using a unique numeric identifier which is used in charts,

paper registers, and in Minister of Health (MoH) electronic HIV patient tracking systems

(ePTS) [22]. At the time of the study, first and second line ART included two Nucleoside/tide

Reverse Transcriptase Inhibitors (NRTI) and one Non-Nucleoside Reverse Transcriptase

Inhibitors (NNRTI) or protease inhibitor (PI) [23]. Clinical consultations for children were

routinely scheduled monthly during the first-year post diagnosis and then extended to

bimonthly, while ART pick-ups were scheduled monthly. Since 2015, several differentiated

service delivery (DSD) models including the family-based care model, expedited clinical

appointments, three-month drug distribution, and community ART support groups (CASG)

have been applied to improve retention in ART.

Study design, participants and procedures

This cross-sectional survey took place in the MDH between December 2017 and February 2018,

the period during which there is a two to three fold increase in hospital visits due to the return

of migrants for the holiday period. CLHIV consecutively presenting for scheduled clinic visits

at the MDH pediatric ART visit were screened for the following inclusion criteria: 1) child

accompanied by an adult caregiver (aged>18 years), 2) residency in the Manhiça HDSS for at

least three months, 3) enrolled in the MDHHIV clinic and 4) a history of ART initiation at least

one year prior to the survey date. Caregivers of the CLHIV fulfilling the aforementioned criteria,

were invited to participate in the study, and after signing informed consent they were asked

about their history of mobility (HM) during the last year. For each enrolled child with a care-

giver with HM, another child with a caregiver without HM was enrolled. The matched CLHIV

was identified during the 7 days following the date of enrolment of the child with a primary

caregiver with HM. Children were matched by gender and age, with a ± 6 months range for

CLHIV aged 0–59 months old and ± 2 years for those aged 5–15 years old,. The caregiver was

asked about mobility patterns, child health and adherence to HIV care and reported barriers to

HIV care continuation after the mobility episode. The answers were recorded in an electronic

questionnaire specifically designed for the study in REDCAP [24]. Finally, caregiver’s data was

matched to their children’s clinical data and retrospectively evaluated.

Sample size calculation

Based on prior clinic visit volumes it was anticipated that MDH would see approximately 20

daily pediatric visits during December 2017 and February 2018 in the HIV care and treatment

PLOS ONE Caregiver mobility on child HIV care
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program and that 30% of these visits would meet eligibility criteria as a participant with history

of migration out of the district. Assuming an acceptance rate of 80%, we expected to recruit

one hundred fifty children with a history of parental migration and one hundred fifty children

without for a total of three hundred children/caregivers. As our estimated recruitment sample

was fixed (based on convenience), the statistical power to detect a difference in LTFU was vari-

able depending on actual LTFU rates in each group (i.e. for a LTFU of 20% in the non-mobile

group, we would expect a 96% power to detect a difference if the LTFU was 40% in the migrant

group, but only a 46% power to detect a difference if the LTFU was 30% in the migrant group).

Study definitions

For the purpose of the study, history of mobility (HM) was defined as home-absenteeism over

4 consecutive nights at least 3 times throughout the past year or definitive address change

according to the answers given in the study questionnaire. Following The United Nations Rec-

ommendations on Statistics of International Migration, migration destination was classified in

internal and external if mobility was within or outside the country, respectively; and in short-,

medium- and long- term if the stay was less than 3 months at destination; between 3 and

11months or at least 12 months respectively [25]. Primary caregiver education was stratified in

two groups: no formal education (no education or did not complete primary education) and

some formal education (at least completed primary education).

We defined “delayed ART pick-up” if the patient had at least a 15 to 60 days delay in picking

up their ART and lost to follow-up (LTFU) was defined as pharmacy default>60 days regard-

less of the fact that they all were back in care at the time of completing the survey according to

the hospital records. ART interruption was self-reported by caregivers as some days missed

ART administration when it was available.

Statistical methods

All analyses were conducted using Stata1 software (version 15.0) (StataCorp LP, College Sta-

tion, TX, USA). A descriptive analysis was performed with frequencies and percentages, strati-

fying by history of mobility. Differences in the distribution of socio-demographic variables

between participants with and without HM were assessed by means of Chi-squared test for cat-

egorical variables, Chi-squared or Fisher’s for categorical variables and Mann-Whitney U test

for continuous variables, respectively. We then conducted conditional logistic regression anal-

ysis where the dependent variables included: reported illness, hospitalization and ART missed

daily doses, ART pick-up delays and LTFU episodes occurring during the previous year. Odds

ratios, as a measure of association with a 95% confidence interval (95% CI), were presented as

crude (OR) values. The results with a p-value<0.05 were considered statistically significant.

Ethical considerations

The protocol and informed consent (obtained and signed by the parents or legal guardians of

minors) were approved by the Institutional Committee for Bioethics in Health of CISM

(CIBS-CISM/169/2017).

Results

Study population

A total of 975 CLHIV were screened for study inclusion criteria and among these, 35.1% (344/

975) did not meet criteria and were not invited to participate (Fig 1). Nearly one third 29.1%

(285/975) of the CLHIV screened were excluded because they came alone for their

PLOS ONE Caregiver mobility on child HIV care

PLOSONE | https://doi.org/10.1371/journal.pone.0261356 December 16, 2021 4 / 14



Characterization of the prevention and care cascade in children living with HIV in the Manhiça district, Mozambique128

appointment or accompanied by a minor. Other exclusion criteria included not having been

on ART for 12 months (3.8%, 13/344) and having the last known residence outside the HDSS

area 1.5% (5/344) (Fig 1). Among the 635 eligible children, 117 were children whose caregivers

had a HM. They were matched to 115 without HM. After matching was completed, the

remaining 403 with no HMwere not included in the study. Children not included in the analy-

sis presented a similar distribution of sex and age categories as those included in the analysis

(p = 0.487 and p = 0.248, respectively), but their ART retention patterns were not analyzed.

Baseline characteristics

The median age of the children was 7.8 years (IQR 4.9–10.5), 48% (111/232) were female, and

most were under ART for more than two years (84%) (Table 1). Regarding caregivers, 39%

didn’t have any formal education and 38% had a fixed salary. Some differences were found

according to the HM. For 82% of the children with HM, the mother was the main caregiver, as

opposed to 66% of those without HM (p = 0.017). In addition, those caregivers with HMwere

more likely to have a fixed salary (p<0.001) and a cell phone (p = 0.011).

Caregiver’s migration patterns

In 70% of the children with HM the migration occurred within Mozambique, and among

those, Maputo City (55%) followed by Gaza Province (23%) were the most frequent destina-

tions (Table 2). Nearly all of the 30% that migrated outside the country y went to South Africa.

Most of the caregivers (90%) reported short-term -stays each trip as follows: less than a week

(45%), less than 15 days (24%) and from 15 days to 3 months (21%); and 97% had between 2–5

mobility events during the preceding year. Between the mobility episodes, caregivers stated

staying at home for: 1–3 months (68%), only on weekends (16%), more than 3 months (7%)

and about one month (2%). The most frequent reason for mobility events were work/ business

or looking for opportunities (41%) followed by visit or support to family/relatives (27%),

Fig 1. Study profile showing number of patients and reason for not recruiting (December 2017—February 2018).

https://doi.org/10.1371/journal.pone.0261356.g001
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Table 1. Socio-demographic and clinical characteristics of children and their caregivers according to the caregiver’ mobility history at the enrolment, number
(percentages).

Characteristics Caregiver mobility history Total
N = 232

P value1 P value2

Yes
N = 117

No
N = 115

Child

Age in years: median (IQR) 7.7 (4.9–10.4) 8.0 (10.7–4.7) 7.8 (4.9–10.5) 0.947�

Age group (in years)

0–4 30 (26) 31 (27) 61 (27)

5–9 103 (43) 53 (46) 103 (44)

�10 37 (31) 31 (27) 68 (29) 0.257 0.735�

Child sex

Male 58 (50) 63 (55) 121 (52)

Female 59 (50) 52 (45) 111 (48) 0.125 0.427�

Child’s vaccination status

Yes 91 (78) 83 (72) 174 (75)

No 4 (3) 3 (3) 7 (3)

Don t know 21 (18) 29 (25) 50 (22) 0.379 0.409

Time period on ARVs

At least 1 year 21 (18) 16 (14) 37 (16)

More than 2 years 96 (82) 98 (86) 194 (84) 0.273 0.417

School—daycare attendance

Yes 75 (64) 80 (70) 155 (67)

No 18 (15) 17 (15) 35 (15)

No information 24 (21) 18 (15) 42 (18) 0.210 0.598

Child primary caregiver

Mother 76 (65) 94 (81) 170 (73)

Grandfather/grandmother 9 (8) 3 (3) 12 (5)

Father 24 (20) 10 (9) 34 (15)

Brother or sister 3 (3) 2 (2) 5 (2)

Aunt or uncle 5 (4) 6 (5) 11 (5) 0.017 0.027

Caregiver

Formal education

No formal education 47 (40) 44 (38) 91 (39)

Some formal education 70 (60) 71 (62) 141 (61) 0.696 0.766

Fixed salary

Yes 58 (50) 31 (27) 89 (38)

No 59 (50) 84 (73) 143 (62) <0.001 <0.001

Religion

Other Christian 69 (59) 60 (53) 129 (56)

Zione 27 (23) 30 (26) 27 (25)

Protestants / Anglicans 18 (15) 21 (18) 18 (17)

Islam 3 (3) 3 (3) 3 (2) 0.836 0.807

Number cellphone

None 13 (11) 17 (15) 30 (13)

Only one 94 (80) 97 (84) 191 (82)

More than one 10 (9) 1 (1) 11 (5) 0.011 0.019

� Pairing variable; 1 Conditional logistic analysis; 2 Chi-squared or Fisher’s for categorical variables and Mann-Whitney U test for continuous variables.

https://doi.org/10.1371/journal.pone.0261356.t001
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following the partner (12%) and participating in religious ceremonies (9%). Compared to care-

givers with external migration, those with internal migration were more likely to stay less than

three months (short term length-stay) at destination (p<0.001) and to travel with their CLHIV

(p = 0.010).

Strategies used by caregivers to retain their children in HIV care

Fig 2 presents the strategies used by caregivers to retain their children in HIV care. Of the 41

(35%) CLHIV moving or travelling with their caregivers, 3 (7%) interrupted ART during the

Table 2. Migration patterns of HIV children’s caregivers enrolled in care at Manhiça District Hospital.

Characteristics N (%)

Destination of mobility

Internal migration 82 (70)

External migration 35 (30)

Which province if internal migration N = 82

Maputo City 45 (55)

Gaza 19 (23)

Maputo Province 7 (9)

Other provinces 11 (13)

Which country if external migration N = 35

South Africa 34 (97)

Multiple countries (South Africa—Malawi—Eswatini) 1 (3)

Have a passport if external migration

Yes 24 (69)

No 11 (31)

Number of mobility events (over the last 12 months)

2–5 times 114 (97)

Once a week 3 (2)

Once a month 1 (1)

Length stay at destination

Less than a week 53 (45)

Less than 15 days 28 (24)

From 15 days to 3 months 24 (21)

From 3 to 9 months 11 (9)

More than 9 months 1 (1)

Reason of the mobility

Work or business or looking for opportunities 48 (41)

Visit or support for relatives 32 (27)

Following the partner 14 (12)

Religious ceremonies 10 (9)

Others (studies, alternative residency and undisclosed reasons) 13 (11)

Residence at the destination

Family house 53 (45)

Own house 36 (31)

Rented house 22 (19)

Job house or church or institute 6 (5)

The child moved with the caretaker

Yes 41 (35)

No 76 (65)

https://doi.org/10.1371/journal.pone.0261356.t002
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mobility event while 38 (93%) had access to ART at the destination because either the caregiv-

ers travelled with it 24 (63%) or it was sent by a family member 14 (37%). None of the caregiv-

ers reported accessing ARVs at a destination clinic. Among the 76 (65%) children who did not

move or travel with their caregivers, for the purpose of pharmacy ART pick-up and HIV-care

visits most were taken care of by their grandparents 30 (39%), aunts/uncles 21 (28%) or broth-

ers/sisters 12 (16%).

Despite the previous described strategies which contributed to increase ART availability, 12

(16%) caregivers moving with their children and 8 (20%) of those not moving with their chil-

dren reported missed ART daily administration (defined as ART interruption in this study) at

some point. Nevertheless, in terms of ARTs interruptions, there were no statistically significant

differences between children who travelled or moved with their caregivers compared to those

not moving with their caregiver (p = 0.610). No differences regarding ART delay pick up

(p = 0.9780), occurrence of LTFU episodes (p = 0.768) and nor reported sickness episodes

(p = 0.353) were found either.

Among those children who did not move with their caregiver and ARTs interruptions were

reported, children who were taken care of by their grandfather/grandmother had the highest

(39%) proportion of ART interruptions, followed by aunts/uncles (28%) and brothers/sisters

(16%) (p = 0.045).

The impact of the caregiver mobility on child´s HIV care

CLHIV of caregivers with HM had a non-statistically significant increase in the number of pre-

vious reported sickness episodes (45% vs 37%; OR = 1.38, 95%CI: 0.79–2.42; p = 0.257), ART

interruptions (17% vs 10%; OR = 1.73; 95%CI: 0.82–3.63; p = 0.142) and LTFU episodes (34%

vs 26%; OR = 1.53; 95%CI: 0.80–2.94; p = 0.193) compared to those children whose caregivers

did not have HM (Table 3). In addition, none of the caregiver’s migration patterns variables

were either significantly associated with child continuation in HIV-care.

When returning from a mobility episode, most caregivers 102 (88%) referred no barriers

to continuation in care. Among the 14 caregivers reporting barriers, they included mistreat-

ment by health personnel 7 (50%), long waiting times 5 (36%) and not finding the correct visit

room 2 (14%). When asking about alternative ART dosing schedules that could help facilitate

ART access for their children, caregivers reported preferring a 3-month dosing schedule 82

(71%), followed by a 6-month dosing schedule 26 (22%) and 3 to 6-month dosing schedule 8

(7%).

Fig 2. Strategies used by caregiver s to retain their children in HIV care and ART among those with mobility
history.

https://doi.org/10.1371/journal.pone.0261356.g002
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Discussion
Describing migration patterns and their association with HIV care constitute a priority in

areas with large people living with HIV on ART such as the Manhiça District. These data are

crucial to guide health care providers in implementing interventions aiming to improve HIV

care and avoid interruptions in ART. To the best of our knowledge, this is the first report

describing the impact of mobility on child HIV care in Mozambique.

This clinic-based study has reported high proportions of internal migration as well as

short-term stays among caregivers of CLHIV during their HIV care. Maputo City, the capital

of Mozambique, and South Africa, the highest-income country among those bordering

Mozambique were the most frequent destinations. Indeed, mobility and migration occur

mostly with the hope of improving quality of life [26, 27]. Most of the time, migrants come

from places that are affected by various issues like poverty or high unemployment rate and

they seek settings that may create opportunity for a better life. In fact, in this study, the main

motivations for mobility were work or business or looking for opportunities. In addition, in

this study, 66% of the caregivers with mobility history were the child’s mother. Data from

ongoing demographic surveillance in Manhiça indicate that over 50% of households are led by

women and this may have contributed to the short-term pattern observed. The head woman

of the household must undergo a double-shift exercise, that is, the woman who is the bread-

winner of the family and the woman “caregiver of the home” (taking care of children, taking

care of her husband, cooking, washing, among others home tasks) [28, 29]. Being the primary

caregiver doesn’t permit long term absences from the household and this was decisive for the

short-term stay mobility pattern found in this district.

One of the main objectives of this study was to assess the impact of caregiver’s mobility on

their CLHIV continuation in HIV care. Published studies have shown the association between

Table 3. Impacts of caregiver´s mobility on child´s health and HIV care during the mobility events period.

Characteristics Mobility history OR 95%CI P value3

Yes
N = 117

No
N = 115

Total
N = 232

Reported sickness 1

No 64 (55) 72 (63) 136 (59)

Yes 52 (45) 42 (37) 94 (41) 1.38 0.79–2.42 0.257

Hospitalization1

No 106 (91) 105 (91) 211 (91)

Yes 11 (9) 10 (9) 21 (9) 1.13 0.43–2.92 0.808

ART missed days doses 1

No 97 (83) 103 (90) 200 (86)

Yes 20 (17) 12 (10) 32 (14) 1.73 0.82–3.63 0.142

ART pick-up delays2

No 65 (60) 63 (59) 128 (60)

Yes 43 (40) 44 (41) 87 (40) 0.81 0.48–1.37 0.422

LTFU2

No 71 (66) 79 (74) 150 (70)

Yes 37 (34) 28 (26) 65 (30) 1.53 0.80–2.94 0.193

1Reported by the caregiver
2According to hospital records
3Conditional logistic analysis (not adjusted).

https://doi.org/10.1371/journal.pone.0261356.t003
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mobility health care and retention on HIV treatment with, emphasis on external mobility

[30–32]. However, our results show that none of the mobility pattern impacted on the child

HIV care. Our results suggested that caregivers adopted strategies to avoid impact on the

child’s HIV care. Our study population was clinic-based and thus was more likely to recruit

caregivers who may be more diligent in care-seeking behaviors and thus not be generalizable

to the entire population. Future studies assessing the impact of caregiver’s mobility on chil-

dren’s HIV health and care should be carried out in the community in order to increase gener-

alizability and reduce this potential selection bias.

Another finding to highlight was that almost one third of the screened children presented

to the HIV clinic alone or with an underage companion, and were thus not included in our

study due to lack of a caregiver to give consent. The reasons for attending the clinic unaccom-

panied as well as the associations with mobility of caregivers need to be elucidated. Indeed

children lacking adequate supervision have been linked to unintentional childhood injuries, to

antisocial and risky behaviors, poorer school performance, sexual abuse, poor HIV care and

other harmful consequences for children in low- and middle-income countries [33, 34]. Fur-

thermore, this result suggest the need to engage caregivers in CLHIV HIV care. The family-

based care model, a DSD model that is being implemented by the MoH in which adult and

pediatric services are provided together in a single setting, could be instrumental, however

challenging in mobile caregivers.

Among the strategies used by primary caregivers to retain CLHIV in HIV care and ART

during the mobility event, was the substitution of the primary caregiver by another caregiver

who took the CLHIV to the clinic and pharmacy visits. Children who were taken care of by

their grandparents had the highest proportion of ART interruptions compared to those cared

for by siblings and other non-relatives. This may be related to the fact that grandparents in

general are less literate and more likely to get sick which can lead to errors in the dates or loss

of visits respectively. Thus, it will be necessary to understand the reasons for interruptions in

care among the different types of substitute caregivers.

Moreover, we found that 93% of the primary caregivers moving with the children took

ARTs with them or asked a relative to send the ART to the mobility destination. Again, this

finding demonstrates that this population of caregivers recognized the importance of retaining

their children on ART. However, the conditions for transporting medicines from one place to

another can impact the drug´s stability, which is fundamental to their effectiveness [35, 36]

and should be investigated in Mozambican rural areas. Lopinavir/ritonavir oral solution which

constituted the main formulation in younger children at the time of the study and requires

2˚C to 8˚C cold chain handling, may quickly be rendered ineffective simply due to inconsistent

refrigeration [37]. This could be mitigated with the introduction of paediatric dolutegravir in

the ART regimens in Mozambique [38]. In addition transporting medicines increase the risk

of drug losing or running out and interrupting some daily doses.

At the national level, since 2013, the Mozambican government has made great efforts to

ensure that, using the unique identification number and an electronic HIV patient tracking

systems (ePTS), patients have access to ARV in any part of the country. However a downside

to this policy is that mobile populations can only pick-up ART in a different health unit once

during the mobility transit and the following pick-ups must take place at the original health

unit. Internationally, migrants have experienced continued difficulties accessing ART as there

are reports documenting that an insufficient attention has been paid in recent years to address

the health needs of the increased numbers of migrants and refugees worldwide [2, 39, 40].

Understanding the HIV care needs for mobile populations provides an opportunity to adapt

differentiated service delivery models to the specificities of dissimilar mobility patterns.
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The strength of this study was the triangulation of survey data and children’s HIV care his-

tory retrieved from the HIV routine clinical data at the MDH. However there are several limi-

tations. Due to the high number of missing data in the ePTS database and lack of uniformity of

the data recorders, it was not possible to assess the association between mobility and other

clinical variables such as WHO clinical stage, CD4 count or viral load. Secondly, in the hospital

setting where this study took place, we were not able to capture information from children

without caregiver at the HIV visit. Finally, the data presented in this manuscript are three

years old, nevertheless there hasn’t been other data related to impact of mobility on child HIV

care to date.

Conclusions
The caregiver mobility was not found to significantly affect child’s retention on ART. To

ensure CLHIV’s retention in ART and avoid impact of mobility on the CLHIV’s HIV care,

caregivers adopted strategies such as the identification of another caregiver to take care of

their CLHIV and the transportation of ART from origin households to the mobility destina-

tion. However, transporting medicines may have implications on stability, which is fundamen-

tal to maintain the effectiveness of medicines and must be investigated in rural areas. By other

side, nearly one third of the CLHIV in Manhiça came to their HIV appointments without the

companion of an adult reflecting the need of differentiated service delivery models which tar-

get these mobile populations with the purpose of engaging caregivers in CLHIV HIV care.
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Gaps in prevention of vertical transmission of HIV
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Pediatric HIV care cascade, measuring progress in the fight against 

the HIV epidemic in children.
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Mortality and health-related quality of life; the neglected indicators in 

the HIV care cascade
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Future recommendations and research priorities

1) Priority areas for policy and future research in prevention of vertical transmission:

 

 

 

 

2) Priority areas for policy and future research in pediatric HIV care:
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