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Abstract
Introduction: The “Universal Test and Treat” (UTT) era for antiretroviral therapy (ART) increased HIV service delivery to chil-
dren and adolescents aged 0–19 with HIV. The goal is to reach ≥95% of people with HIV diagnosed, receiving ART and virally
suppressed. We conducted a systematic review and meta-analysis to describe the care continuum among children and adoles-
cents with HIV during the UTT era in the UNAIDS eastern and southern African region.
Methods: We searched PubMed, EMBASE and African Index Medicus databases for peer-reviewed articles published from
1 January 2010 to 1 June 2023. We included studies reporting ≥1 care continuum proportion in ≥1 country in the study
region during the country’s UTT implementation. We extracted summary proportions and pooled them using random-effects
logistic regression.
Results: Of 10,281 studies screened, 190 met the inclusion criteria. Studies came from 16 countries; many from South Africa
(n = 37) and Ethiopia (n = 32). The meta-analysis pooled proportions (95% confidence intervals) for children aged 0–14 were:
72% (60%, 81%) aware of HIV diagnosis; 95% (89%, 97%) on ART among diagnosed; 88% (76%, 95%) retained in HIV care
after 12 months on ART; 77% (68%, 84%) self-/caregiver-reported ART adherence; 90% (79%, 95%) had a viral load test
after ART initiation; and 76% (72%, 79%) viral suppression (<1000 copies/ml) while on ART with a viral load test. Similar
proportions were estimated among adolescents aged 15–19: 73% (66%, 79%) diagnosed; 93% (92%, 94%) on ART; 80% (54%,
93%) retained; 74% (63%, 83%) adherent; 90% (79%, 95%) viral load test; and 78% (74%, 81%) viral suppression.
Discussion: Estimates from this study on diagnosis, ART initiation and viral suppression were consistent with UNAIDS official
estimates. Estimates on retention, adherence and viral suppression were similar to previous meta-analyses conducted before
UTT.
Conclusions: Consistent with UTT expectations, most children and adolescents with HIV in eastern and southern Africa have
initiated ART, but challenges remain on other care continuum indicators. Future planning for HIV programmes should consider
locally informed, community-supported approaches to consistently support children and adolescents with HIV throughout the
HIV care continuum.
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1 INTRODUCT ION

In 2023, 2.4 million children and adolescents aged 0–19 were
living with HIV globally. The majority (1.6 million, 62%) were
living in eastern and southern Africa [1]. Between 2013 and
2023, the number of new HIV acquisitions within this age

group in this region halved, from 270,000 to 130,000, and the
number of AIDS-related deaths reduced by two-thirds, from
100,000 to 42,000 [1]. “Universal Test and Treat” (UTT), or
initiating antiretroviral therapy (ART) after diagnosis regard-
less of CD4 count is one of the key policies responsible
for reductions in HIV incidence [2] and mortality [3]. The
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World Health Organization (WHO) recommended “Test and
Treat” to infants and children under 2 years of age in 2010,
then expanded eligibility to children under 5 and pregnant
and breastfeeding women (Option B+) in 2013, before finally
expanding eligibility to all people with HIV in 2015 (“Treat
All”) [4].

Even though most countries have introduced UTT, many
children and adolescents with HIV are not fully engaged in
HIV care. The Joint United Nations Programme on HIV/AIDS
(UNAIDS) has set 95-95-95 targets with the goal that by
2025, 95% of people with HIV know their status, 95% who
know their HIV status are on ART and 95% on ART are virally
suppressed. These three indicators comprise part of the HIV
care continuum, a model describing steps for people with HIV
to achieve viral suppression. The HIV care continuum includes
diagnosis, linkage to care (which include ART initiation), reten-
tion in HIV care, ART adherence and viral suppression [5].
Recent systematic reviews have estimated one or more indi-
cators of the care continuum among children and adolescents
with HIV primarily before UTT, such as retention in HIV care
[6] and viral suppression [7] in low- and middle-income coun-
tries, and adherence in sub-Saharan Africa [8]. Other system-
atic reviews have covered years including both before and
after UTT, but estimates were not differentiated after UTT
[9–12].

We aim to supplement current literature to inform poten-
tial interventions and strategies by providing a comprehensive
description of the HIV care continuum for children and ado-
lescents aged 0–19 with HIV during the UTT era in a region
where majority of children and adolescents with HIV reside,
eastern and southern Africa [13]. Describing the totality of
the HIV care continuum across a major global region aids in
the effective allocation of HIV global health resources, estab-
lishes benchmarks for progress and informs the development
of regional HIV policy strategies.

2 METHODS

We conducted this systematic review in accordance with Con-
ducting Systematic Reviews and Meta-Analyses of Obser-
vational Studies of Etiology (COSMOS-E) guidelines and
reported results in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
2020 statement. This review is registered in Prospero (PROS-
PERO Registration number CRD42023467368).

2.1 Search strategy

We searched PubMed, EMBASE and the African Index Medi-
cus databases for peer-reviewed articles searchable using
English keywords published from 1 January 2010 to 1 June
2023. We constructed search terms for children and adoles-
cents with HIV, eastern and southern Africa, and each HIV
care continuum indicator: diagnosis and awareness of HIV sta-
tus, being on ART after diagnosis, retention in HIV care, ART
adherence, and viral testing and suppression (Table S1).

2.2 Selection criteria

We included studies that: (1) covered ≥1 country in the
UNAIDS eastern and southern African region; (2) reported
on ≥1 proportion relating to ≥1 HIV care continuum indi-
cator; (3) included study participants aged 19 and younger
and reported proportions specific to that age group or over-
laps with age 19 and younger with a limit of age 29, for
example age 15–29 were included but not age 15–49; and
(4) reported statistics during or overlapping with the coun-
try’s UTT era (Table S2). More information on study selection
regarding age range and calendar era is found in Table S2.

We excluded studies that simulated populations of chil-
dren and adolescents with HIV as they are likely using
model parameters from studies included in our screening.
We included individual studies from systematic reviews and
meta-analyses that did not appear in our initial screening but
excluded the pooled results from the meta-analysis. We also
excluded conference abstracts due to insufficient methodolog-
ical detail to accurately extract care continuum indicators.
We included studies that described the prevention of verti-
cal transmission of HIV cascade only if they reported on any
HIV care continuum indicator among pregnant women with
HIV aged 19 years or younger during antenatal care or among
infants who acquired HIV during postnatal care. There were
no exclusions based on the sample size of the population of
interest in the included studies.

2.3 Screening

Two authors screened titles and abstracts (NJLH and SL)
and full-text publications (NJLH and MB) independently using
Covidence [14]. Studies were excluded if reviewers con-
curred, with any disputes resolved in consultation with a
third reviewer as necessary (CRL or DKN). After the full-
text screening, we also hand-searched the bibliography of the
selected articles for any additional articles for inclusion.

2.4 Outcomes

We summarized the results across five indicators, described
in Table 1, that reflect the WHO approach for describing the
HIV care continuum [15]. These five indicators are: (1) pro-
portion living with HIV who were diagnosed and aware of
their HIV status, with awareness either on the level of the
child/adolescent or on the primary caregiver; (2) proportion
diagnosed with HIV who are on ART sometime after diagno-
sis; (3) proportion on ART who were retained in HIV care;
(4) proportion on ART who were adherent, as ascertained by
either self/caregiver report or health facility reports (e.g. pill
count, frequency of pharmacy refills); and (5) proportion on
ART that achieved viral suppression, disaggregated between:
(5a) proportion on ART with a viral load test; and (5b) pro-
portion with a viral load test that achieved viral suppression.

2.5 Data extraction

We developed a standardized data extraction database using
AirTable, a cloud database, which was piloted by five review-
ers (NJLH, SL, MB, CRL, DKN) and revised. Data extraction
of summary measures from published studies was conducted
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by one reviewer (NJLH) and double-checked by another (MB),
with any disagreements resolved by discussion.

Data extraction was done at the study level and HIV care
continuum indicator level. For the study level, we extracted:
author name, publication year, country, study year/s, study
design (cross-sectional/longitudinal, study setting (health cen-
tre/hospital/community), type of residence (urban/rural/both),
follow-up months, age range, sample size and quality assess-
ment. We also indicated if the study came from a specific
cohort study, surveillance system or electronic health record
system.

For each HIV care continuum indicator in each study, we
extracted its definition, numerator unit (e.g. people, tests)
and value, denominator unit and value, proportion, calendar
years of study, country, health facility setting (health cen-
tre/hospital/community), type of residence (urban/rural), study
design (cross-sectional/longitudinal), age and sex at birth. For
all HIV care continuum indicators, we extracted the summary
study measures, and wherever possible, age-, sex-, calendar
year-, country-specific measures in the main paper and supple-
ment.

For ART initiation, we extracted the time from diagnosis
when the proportion on ART was assessed (e.g. initiated ART
within 7 days). For retention in HIV care, we extracted the
definition of loss to follow-up (e.g. 3-month gap from the
last HIV clinic visit), and the month from ART initiation when
retention was assessed (e.g. 12 months after ART initiation).
For ART adherence, we extracted the definition and source
of adherence measure (self- or caregiver or health provider
report) and the month of recall (e.g. 1 month before an inter-
view). For viral suppression, we extracted the month from
ART initiation when the viral load test was conducted (e.g. 5
months after ART initiation), and the cutoff used to determine
viral suppression (e.g. 1000 copies/ml).

2.6 Quality assessment

We performed a quality assessment using the Joanna-Briggs
Institute Critical Appraisal Tool for prevalence and incidence
[16], a 9-item checklist. We reported on the most common
types of bias across the included studies.

2.7 Data synthesis

We summarized study characteristics and the HIV care con-
tinuum indicators in tables. We conducted meta-analyses to
pool proportions among HIV care continuum definitions con-
sistently used in UNAIDS and WHO monitoring and eval-
uation indicators (Table 1) [17]. We stratified meta-analysis
results by age group, that is children aged < 15 and adoles-
cents aged 15–19.

To pool proportions, we used a random intercept logistic
regression model, where the numerator is directly modelled
as a binomial distribution with the denominator (sample size)
and the logit-transformed proportion as parameters [18]. We
used some data transformations to recover the number of
events for survey-weighted estimates [19], and to standardize
the calculation of viral suppression proportions to a common
threshold of 1000 copies/ml [20]. Studies that include multi-
ple countries were disaggregated by country whenever pos-

sible, so each unit of analysis in the meta-analysis represents
one study country.

The summary of each study estimate in the meta-analysis
was presented graphically using forest plots, stratified by
age group (children aged 0–14 and adolescents aged 15–
19), with confidence intervals (CIs) recalculated using the
Clopper−Pearson approach [21]. We did not conduct statisti-
cal tests for heterogeneity, as we expect that proportions dif-
fer across study contexts, thus heterogeneity measures do not
have a meaningful interpretation [22]. The pooled proportions
were interpreted as the median proportion across all these
studies [23]. CIs for pooled proportions were calculated with
Knapp−Hartung adjustments [24]. We also did not conduct
statistical tests for publication bias as the assumptions under-
lying these tests are not appropriate in the meta-analyses of
proportions [25]. The meta-analysis was conducted in R 4.3.2
(R Foundation) using the meta package.

2.8 Role of the funding source

The funders of the study did not play a role in the study
design, data collection, data analysis, data interpretation or
report writing.

3 RESULTS

We identified 10,281 unique records, of which 1510 were
examined for full-text eligibility, and 190 articles were eligi-
ble for inclusion in the systematic review, representing data
from 647,904 children and adolescents with HIV (Figure 1).
The median sample size of children and adolescents with
HIV across all studies was 377. Of these studies, 19 (10%)
reported on diagnosis and awareness of HIV status [26–44],
54 (28%) reported being on ART after diagnosis [26–36,
38–40, 42–81], 53 (28%) reported on retention in HIV care
[41, 46, 50, 56, 66, 74, 76, 78, 79, 82–125], 47 (25%)
reported on ART adherence [10, 11, 83, 86, 87, 90, 101,
106–108, 111, 126–161] and 111 (58%) reported on viral
suppression [10, 26–31, 33–36, 38–40, 42, 44, 46, 49, 50, 66,
74, 76, 78, 79, 85, 87, 96, 97, 100, 105, 106, 109, 111, 117,
122–124, 126, 128–131, 134, 136, 138–140, 143, 144, 146,
148, 150, 152, 154, 155, 158, 160, 162–214]. For the meta-
analysis, 181 studies were included.

The studies altogether represented 16 countries in eastern
and southern Africa (Figure 2 and Table 2; Table S3 describes
each study). Countries with the greatest number of studies
were South Africa (37, 19%), Ethiopia (32, 17%) and Kenya
(29, 15%). Two-thirds (124, 65%) of the included studies were
from longitudinal studies, while the rest were cross-sectional
studies. In the risk of bias assessment, the most common bias
was the lack of representativeness of the study population
to the target population (172, 90%), with most studies (110,
57%) employed a census of all available health records, and
these health facility censuses were not necessarily represen-
tative of the target population with HIV the health facilities
serve.

The meta-analysis pooled proportions across all HIV care
continuum indicators were similar between children aged 0–
14 and adolescents aged 15–19 with HIV (Table 3; Figures
S1–S10 show the forest plots). Three-fourths of children and
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Figure 1. PRISMA flow diagram of the systematic review and meta-analysis.

adolescents with HIV were diagnosed and aware of their sta-
tus (children: 72% [95% CI: 60%, 81%]; adolescents: 73%
[95% CI: 66%, 79%]). More than 90% of children and adoles-
cents with HIV aware of their status were on ART (children:
95% [95% CI: 89%, 97%]; adolescents: 93% [95% CI: 92%,
94%]). Five-sixths of children and adolescents with HIV were

retained in HIV care 12 months after ART initiation (children:
88% [95% CI: 76%, 95%], adolescents: 85% [95% CI: 74%,
92%]). Three-fourths of children and adolescents with HIV on
ART were adherent based on self- or caregiver reports (chil-
dren: 77% [95% CI: 68%, 84%]; adolescents: 74% [95% CI:
63%, 83%]). Nine-tenths of children and adolescents with HIV
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Figure 2. Distribution of countries included in the systematic review (n = 190 studies).

on ART had a viral load test (children: 90% [95% CI: 79%,
95%]; adolescents: 90% [95% CI: 78%, 95%]). Three-fourths
of children and adolescents with HIV on ART and had a viral
load test achieved viral suppression using a standardized cut-
off of 1000 copies/ml (children: 76% [95% CI: 72%, 79%];
adolescents: 78% [95% CI: 74%, 81%]).

Sex differences in the HIV care continuum indicators dif-
fered across countries. For example, in South Africa, a higher
proportion of male adolescents (58%) had initiated ART com-
pared to female adolescents (49%) [38], while in Lesotho,
a higher proportion of female adolescents (93%) had initi-
ated ART compared to males (84%) [42]. Retention in HIV
care was generally higher among females than males. Adher-
ence was similar between males and females [145, 151, 157].
There were no clear patterns of sex differences in viral sup-
pression proportions.

There was some variation in the definitions of retention
among the 53 included studies: 22 defined loss to follow-up
as non-attendance to clinic for ≥3 months, 10 defined it as
≥6 months, while the rest did not provide a clear definition of
loss to follow-up or simply reported continuous clinic atten-
dance during the study’s observation period. Despite the vari-
ation in definition, there were no clear study-level patterns
in the retention proportions according to the different defini-
tions of loss to follow-up.

Of the 47 studies reporting on adherence to ART, 21
studies measured adherence from self-report or caregiver
reports, while the rest measured adherence from health facil-
ity reports. Forty-two studies included some definitions of
missed doses prior to the measurement of adherence, with
the time of recall or review ranging from 7 days to 1 year.
Of these, 29 studies used a cutoff of 95% for good adher-
ence. While the proportions on ART adherence were sim-
ilar between children and adolescents based on self- and
caregiver reports, children aged 0–14 years living with HIV
on ART had higher proportions of ART adherence based on

health facility reports than adolescents aged 15–19 (children:
88% [95% CI: 84%, 91%]; adolescents: 73% [95% CI: 58%,
84%]).

4 D ISCUSS ION

This study comprehensively described the HIV care contin-
uum for children and adolescents with HIV in eastern and
southern Africa during the UTT era. Consistent with UTT
expectations [80], the proportion of children diagnosed with
HIV who initiated ART may have reached the 95% UNAIDS
target, and came close for adolescents, reaching 93%. How-
ever, gaps continue to exist on other HIV care continuum
indicators during the first few years of UTT implementation.
Among all children and adolescents with HIV, one in four were
still undiagnosed. Among children and adolescents with HIV
on ART, one in six were not retained in HIV care and one in
four were not adherent. Among children and adolescents with
HIV on ART with a viral load test at least 6 months after ini-
tiation, one in four had not achieved viral suppression. Alto-
gether, these results mean that using a common denominator
of all children and adolescents with HIV, three in five were
retained in HIV care 12 months after ART initiation, half were
adherent to ART and less than half achieved viral suppression.
Children aged 0–14 had similar experiences on the HIV care
continuum as adolescents aged 15–19, except for retention,
where adolescents experienced a lower retention proportion
by 24 months than children. Finally, sex differences in the HIV
care continuum indicator differed by country.

Pooled meta-analysis estimates of the HIV care contin-
uum seem similar to official UNAIDS estimates, which uses a
model-based approach using parameters from country surveil-
lance data, household survey data, existing HIV cohort and
trial data, and expert opinion [215]. Between 2016 and 2022,
the proportion of children aged 0–14 with HIV who were
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aware of their status ranged from 55% to 71%, the propor-
tion with HIV aware of their status on ART was at 90% and
the proportion on ART who were virally suppressed ranged
from 67% to 80% [17]. The pooled meta-analysis results in
this study were 72%, 95% and 76%, respectively. This con-
sistency provides strength to our study’s results complement-
ing UNAIDS estimates, specifically on retention in HIV care
and adherence to ART [215]. Future changes to HIV models
that underlie the official UNAIDS estimates may also use the
pooled estimates from this study as model parameters.

Except for ART initiation, meta-analysis results from this
study were also consistent with previously published meta-
analysis using data from the pre-UTT era. One review found
that the pooled proportions among children aged 0–14 with
HIV in low- and middle-income countries from 2010 to 2016
who were retained in care after ART initiation were 81% by
6 months, 81% by 12 months and 80% by 24 months [6];
another study found that retention among adolescents aged
10−19 in sub-Saharan Africa was 85% during the period of
2010−2016 [11]. The same trend in retention in HIV care
before and after UTT was also observed in a systematic
review among adults with HIV in sub-Saharan Africa [216].
Pooled estimates on ART adherence were similar to two sys-
tematic reviews of adolescents aged 10−19 in sub-Saharan
Africa, where the adherence proportions ranged from 64%
to 90% among studies published before 2016 [8, 12]. Pooled
estimates on viral suppression were similar to another meta-
analysis of children and adolescents aged 18 and younger
from 2010 to 2015, with the pooled proportion at 73% [7].

An increase in the proportion of children and adolescents
with HIV initiating ART with the introduction of UTT, and the
similarity of the proportions of children and adolescents on
ART who were retained in HIV care, were adherent to ART,
and achieved viral suppression before and after UTT means
that there was still an increase in the proportion of children
and adolescents with HIV who were retained in HIV care,
were adherent to ART and achieved viral suppression. How-
ever, there are several barriers to improving HIV outcomes
among children and adolescents with HIV: supply-side bar-
riers include inconsistent availability of paediatric ARTs and
accessibility to the health facility, while demand-side barriers
include stigma and discrimination, serious family life events
and self-efficacy to treatment regimen [13, 217]. Additionally,
children require the support of an adult caregiver to adminis-
ter treatment, and some ART may not be palatable to younger
children [218]. Therefore, to continue engaging children and
adolescents to stay along the continuum, interventions must
leverage community support structures to empower children
and adolescents to maintain HIV care and must be tailored
to age-specific needs [219–221]. Adolescents unlike children
are generally expected to take responsibility for their care and
this may impact on adherence and viral suppression.

This study has some limitations. First, the meta-analysis
was limited to peer-reviewed articles that were indexable in
English language databases and most studies did not have a
representative sample of their country. Most estimates came
from an urban, health facility setting, which may overestimate
the true proportions. Nonetheless, the total pooled sample
size represents about one-third of all children and adoles-
cents with HIV in the eastern and southern African region.

Second, we made assumptions in the meta-analysis regarding
some indicators of the care continuum definitions, that may
also overestimate the true proportion as they fail to account
for disengagement and reengagement in the care continuum
[222]. For example, when pooling estimates of viral suppres-
sion, we did not anchor them on a fixed time point from ART
initiation since the majority of the included studies assessed
viral suppression only cross-sectionally without a specific time
frame from ART initiation. Third, the meta-analysis indicators
were conditional proportions, with the denominator an ear-
lier indicator in the HIV care continuum. We decided on con-
ditional proportions to better represent the data extracted
from the included studies, although future studies may con-
sider reporting unconditional proportions as well. We only
estimated the pooled proportions at the regional level and
across a wide age band because of the heterogeneity in health
system contexts and study population demographics across
studies. The width of the CIs reflects this heterogeneity, as
well as the sparsity of available pooled studies. Any further
disaggregation would have led to incoherent estimates rel-
ative to the overall pooled proportions. The pooled propor-
tions are also the median estimate, which is robust to outliers
and studies with small sample sizes [23], so we did not apply
a minimum sample size criterion to the studies. Finally, this
review does not encompass most post-COVID era changes in
HIV service delivery. Future reviews may explore these devel-
opments as more studies become available.

5 CONCLUS IONS

The pooled results of the HIV care continuum among chil-
dren and adolescents in eastern and southern Africa in the
UTT era reveal high levels of ART initiation but suboptimal
levels of awareness of HIV diagnosis, retention in HIV care,
adherence and viral suppression. Future strategic directions
for HIV programmes should consider locally informed, sys-
temic approaches to improve coverage of diagnosis and con-
tinued engagement in HIV care beyond ART initiation.
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