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Background.  Young adolescents with perinatally acquired human immunodeficiency virus (HIV) are at risk for poor care out-
comes. We examined whether universal antiretroviral treatment (ART) eligibility policies (Treat All) improved rapid ART initiation 
after care enrollment among 10–14-year-olds in 7 sub-Saharan African countries.

Methods.  Regression discontinuity analysis and data for 6912 patients aged 10–14-years were used to estimate changes in rapid 
ART initiation (within 30 days of care enrollment) after adoption of Treat All policies in 2 groups of countries: Uganda and Zambia 
(policy adopted in 2013) and Burundi, Democratic Republic of the Congo, Kenya, Malawi, and Rwanda (policy adopted in 2016).

Results.  There were immediate increases in rapid ART initiation among young adolescents after national adoption of Treat All. 
Increases were greater in countries adopting the policy in 2016 than in those adopting it in 2013: 23.4 percentage points (pp) (95% 
confidence interval, 13.9–32.8) versus 11.2pp (2.5–19.9). However, the rate of increase in rapid ART initiation among 10–14-year-
olds rose appreciably in countries with earlier treatment expansions, from 1.5pp per year before Treat All to 7.7pp per year afterward.

Conclusions.  Universal ART eligibility has increased rapid treatment initiation among young adolescents enrolling in HIV care. 
Further research should assess their retention in care and viral suppression under Treat All.

Keywords.   adolescents; Treat All; ART eligibility; ART initiation; sub-Saharan Africa; regression discontinuity.

In 2018, an estimated 599 000 young adolescents, aged 
10–14 years, were living with human immunodeficiency virus 
(HIV), with close to 90% in sub-Saharan Africa [1, 2]. Although 
data on this age group are limited [3, 4], young adolescents 
living with HIV are presumed to have acquired HIV perinatally 
[5, 6]. Studies suggest that adolescents aged 10–14  years may 
be less likely than younger children and older age groups to be 
tested for HIV because of slow-progressing disease, HIV-related 
stigma, parental concerns about disclosing their own status, and 

HIV testing strategies, including requirements for caregiver 
consent, that are not tailored toward adolescents [7–13].

Disproportionately high HIV-related mortality rates have been 
reported for young adolescents, compared with older adoles-
cents who likely acquire HIV later in life [2]. Young adolescents 
enrolling in HIV care are often underweight and stunted, and they 
tend to have lower CD4 cell counts and more advanced disease 
than both older adolescents [14, 15] and younger children with 
HIV diagnosed earlier after perinatal infection [16]. Research has 
shown that adolescents are also at greater risk of failing to start 
antiretroviral treatment (ART), particularly if they are ineligible 
for treatment when they enroll in HIV care [17]. 

The extent to which treatment eligibility guidelines have 
constrained ART initiation for adolescents is unknown. Before 
2015, the World Health Organization (WHO) provided con-
solidated guidance on HIV treatment for both adolescents, aged 
10–19 years, and adults that based ART initiation on CD4 cell 
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count and clinical eligibility criteria [18–21]. Although a few 
countries in sub-Saharan Africa extended HIV treatment to all 
adolescents aged <15 years in 2013 [22, 23], adolescents became 
universally eligible for immediate treatment only with the 2015 
WHO recommendation to treat all people living with HIV/AIDS 
(PLHA), irrespective of immunologic or clinical status [18].

Using longitudinal patient data from 7 countries participating 
in the International Epidemiology Databases to Evaluate AIDS 
(IeDEA) research consortium, we assessed changes in rates of 
rapid ART initiation among 10–14-year-old patients newly 
enrolling in HIV care after national adoption of Treat All pol-
icies for young adolescents or Treat All policies for the general 
population of PLHA.

METHODS

Data Sources and Management

The IeDEA consortium (www.iedea.org) assembles 
sociodemographic and clinical data on adult and pediatric patients 
receiving HIV care across 7 regional cohorts [24]. The data represent 
diverse clinical sites, the majority of which (87%) are public-sector 
health facilities, including primary (42%), as well as secondary 
and tertiary level sites (58%) [25]. In the current analysis, we used 
medical records from 10–14-year-old patients newly enrolling in 
HIV care from 2010 to 2018 in 7 sub-Saharan African countries in 
3 regional IeDEA cohorts. These countries were selected because 
patient data were available for analysis after the adoption of uni-
versal treatment eligibility policies (Central Africa cohort: Burundi, 
Democratic Republic of the Congo [DRC], and Rwanda; East 
Africa cohort: Kenya and Uganda; Southern Africa cohort: Malawi 
and Zambia). Before data analysis, each region’s data were standard-
ized by regional data managers in accordance with IeDEA data def-
initions and formatting standards (available at www.iedeades.org).

For each country, we identified the date when ART eligibility 
was first extended to all patients aged 10–14  years, either as 
part of a pediatric Treat All policy (for patients aged <15 years), 
or a general Treat All policy (covering patients of all ages). If 
a country first adopted a pediatric Treat All policy and subse-
quently adopted a general Treat All policy, we recorded both 
dates. Tymejczyk et al [26] have previously described our sys-
tematic search for current and historical ART eligibility guide-
lines based on publicly available policy documents, published 
literature, and input from in-country experts. If the exact date 
of expansion was unknown, expansion was assumed to have oc-
curred on the first day of the month in which the policy was 
adopted. Data were deidentified before sharing and approved 
for use by local research ethics committees in each of the IeDEA 
regions included in the study.

Inclusion Criteria
Patients
Patients had to be 10–14 years of age at the time of enrollment 
into HIV care, with ≥30  days of possible follow-up between 

enrollment and database closure. Patients were excluded if they 
were known to have transferred to an IeDEA site from another 
clinic or were known to be ART experienced at enrollment.

Sites
Sites had to have patient data available for the period between 
care enrollment and ART initiation (ie, pre-ART data) for both 
ART initiators and noninitiators (ie, those dying or dropping 
out of care before starting treatment). Sites with data only from 
the period after ART initiation were excluded.

Outcome and Exposure

The outcome of interest was “rapid” ART initiation, defined 
as initiation of treatment within 30 days of enrollment in HIV 
care, which is consistent with our group’s prior analyses in 
adults [27]. This definition differs from the 2017 WHO defini-
tion of rapid ART initiation, which is ART initiation occurring 
within 7 days of HIV diagnosis [28]. The exposure was period 
of enrollment in HIV care, as defined by the relationship to 
the calendar date of country-level ART eligibility expansion to 
Treat All.

Other Definitions

ART was defined as treatment with any regimen of ≥3 antire-
troviral drugs, excluding antiretrovirals taken solely for the pre-
vention of mother-to-child transmission. As a measure of HIV 
disease severity, pretreatment CD4 cell count was defined as the 
count closest to the enrollment date within a 90-day window 
(before or after), but no later than 1 week after ART initiation.

Study Design

Patient characteristics, including sex, age, availability of pre-
treatment CD4 test results, and median CD4 cell count, were 
described for each country where a pediatric or general Treat All 
policy extended ART eligibility to all children aged 10–14 years, 
and characteristics were aggregated by time period of policy 
change. The proportion of patients starting ART rapidly in the 
year before and after Treat All adoption was calculated for each 
country and for the Central Africa region (ie, Burundi, DRC, 
and Rwanda) because of small sample sizes available for the in-
dividual countries.

Effect of ART Eligibility Expansion to Treat All on Rapid ART Initiation

The effect of enrollment in HIV care under Treat All on the 
proportion of young adolescents initiating ART rapidly was as-
sessed using a regression discontinuity design. This approach 
takes advantage of local randomness in a continuous eligibility 
assignment variable (calendar time of HIV care enrollment), 
relative to a cutoff threshold (date of country-level adoption 
of pediatric or general Treat All). In this quasi-experimental 
condition, as long as there is no evidence that values of the as-
signment variable are being manipulated, patients enrolling 
in care directly before and after the cutoff date are considered 
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exchangeable. Accordingly, there should be no systematic dif-
ferences in measured and unmeasured characteristics between 
the groups, other than the higher probability of treatment eligi-
bility among those enrolling after Treat All policy adoption. If 
these assumptions are met, observed effects can be interpreted 
causally, as intention-to-treat estimates [29, 30].

To assess whether there were systematic differences between 
patients enrolling in HIV care on either side of the threshold, 
as well as nonrandom enrollment before or after the Treat All 
adoption date, we used covariate balance tests and plots of the 
date of enrollment in HIV care. Because complete information 
about each patient’s true ART eligibility status at enrollment be-
fore Treat All adoption was not known (owing to missing in-
formation on HIV stage, comorbid conditions, pregnancy, and/
or special population status), the study is an intention-to-treat 
analysis using a “sharp” regression discontinuity design [29, 30].

We examined the association between calendar time of en-
rollment in HIV care and rapid ART initiation for 2 groups of 
countries: those where a pediatric Treat All policy extended 
ART eligibility to all children 10–14  years old in 2013, and 
those where a general Treat All policy extended ART eligibility 
to this age group along with adults in 2016. A discontinuity at 
the date of each country’s Treat All policy adoption allowed for 
different slopes before and after the cutoff, or threshold, date. 
Local linear regression models [31] were used to estimate pre-
dicted outcomes and risk differences at the Treat All threshold 
date, as follows:

E [Yi | Zi] = β0 + β1 ∗ Zi + β2 ∗ 1 [Zi ≥ 0] + β3 ∗ Zi ∗ 1[Zi ≥ 0]

where Yi is the patient-level outcome (rapid ART initiation), Zi 
is the number of days between a patient’s enrollment date and 
national Treat All policy adoption date (negative if patient en-
rolled before the policy was adopted), and 1[Zi ≥ 0)] indicates 
whether a patient enrolled after the policy was adopted or not.

Data-driven Imbens-Kalyanaraman bandwidths [32] were 
used to define windows of time around the date of Treat All 
adoption within which predicted outcomes and risk differences 
at the Treat All threshold date were estimated. All observations 
within the bandwidth were weighted equally. Sensitivity ana-
lyses were completed using 3 other bandwidth sizes, ranging 
from 150 to 450 days.

In the countries with a general Treat All expansion to all ages 
after a pediatric Treat All policy, an additional regression dis-
continuity analysis for the general Treat All adoption was com-
pleted to assess whether further expansions of eligibility criteria 
to encompass older age groups affected rapid ART initiation 
among already-eligible 10–14-year-olds. Such effects could be 
positive (increase in rapid ART initiation because of, for ex-
ample, stigma reduction) or negative (decrease in rapid ART 
initiation because of, for example, facility capacity constraints).

Trends in Rapid ART Initiation Before and After Treat All Adoption

To characterize trends in rapid ART initiation after enrollment 
into HIV care, slopes from linear regression models for the 
period before and after the date of Treat All adoption were com-
pared, and expressed as percentage point (pp) change in rapid 
ART initiation per year (ie, average annual rate of increase). 
Analyses were completed using SAS 9.4 and Stata/MP software, 
version 15.1.

RESULTS

Sample Characteristics

Longitudinal data were available for 7296 patients aged 
10–14 years who enrolled in HIV care between 2010 and 2018, 
including 7239 (99.2%) with ≥30 days of possible follow-up. Of 
these patients, 6912 (95.5%) had no evidence of transfer from 
another site or ART before enrollment.

Among the 7 countries in the analysis, 5 (Burundi, DRC, 
Kenya, Malawi, Rwanda) adopted general Treat All policies 
that extended treatment eligibility to young adolescents aged 
10–14 years in 2016. Two countries (Uganda, Zambia) adopted 
pediatric Treat All policies in 2013, which extended treatment 
to all children <15 years old, and adopted general Treat All pol-
icies in 2016 (Supplementary Table 1).

Among the 6912 patients who met study inclusion criteria, 
3592 (52.0%) were in countries where pediatric Treat All was 
adopted in 2013, and 3320 (48.0%) in countries where general 
Treat All was adopted in 2016. The median age at enrollment in 
HIV care was 12 years (interquartile range, 11–13 years), with 
no significant age differences before and after Treat All adop-
tion (Supplementary Table 2); 58.3% of patients were female. 
The availability of pretreatment CD4 test results varied across 
countries and before vs. after Treat All policy adoption. Few pa-
tients had pretreatment CD4 test results after the adoption of 
Treat All policies, particularly in countries that introduced the 
policy in 2016 (20.1% overall, and only 3% among patients from 
Malawi). Among patients with a pretreatment CD4 test result, 
the median cell count before Treat All adoption was 315/µL (in-
terquartile range, 124–551/µL) in countries adopting general 
Treat All policies in 2016 and 363/µL (193–589/µL) in countries 
that adopted a pediatric Treat All policy in 2013 (Table 1).

Distributions of baseline characteristics among newly 
enrolling patients were similar just before and just after Treat 
All adoption (Supplementary Table 2). No major discontinuity 
was observed in the number of new enrollments around the 
date of Treat All adoption (Supplementary Figure 1).

Rapid ART Initiation Before and After Treat All Adoption (Descriptive 

Analysis)

There were appreciable increases in rapid ART initiation among 
young adolescents in the year after Treat All adoption in all 7 
countries. Increases ranged from 16.3pp in Zambia (from 
37.4% in the year before to 53.7% in the year after) to 33.7pp 
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in Uganda (from 41.3% to 75.0%, respectively). The proportion 
of young adolescents rapidly initiating ART in the year after 
Treat All adoption was highest in Malawi and Kenya (88.1% and 
86.5%, respectively), both of which adopted a general Treat All 
policy in 2016. (Figure 1).

Effect of Treat All Adoption on Rapid ART Initiation (Regression 

Discontinuity Analysis)

Statistically significant increases in rapid ART initiation among 
young adolescents were observed immediately after national 
Treat All policies expanded treatment eligibility for this age 
group. A  larger absolute effect was observed in the group 
of countries that adopted a general Treat All policy in 2016 
(Burundi, DRC, Kenya, Malawi, and Rwanda): 23.4pp (95% 
confidence interval, 13.9–32.8), compared with the countries 
with a 2013 pediatric Treat All policy (Uganda and Zambia), 
where there was an 11.2pp increase in rapid ART initiation 
(2.5–19.9). In the 2016 Treat All group, 85.4% of young adoles-
cents enrolling immediately after Treat All adoption initiated 
ART rapidly (up from 62.0% immediately before), compared 
with, 50.2% in the 2013 group (up from 39.0% immediately be-
fore) (Table 2 and Figure 2).

There was no statistically significant change in rapid ART 
initiation among young adolescents immediately after general 
Treat All policies were adopted in Uganda and Zambia in 2016 
(Table 2). Pediatric Treat All policies were already in place in 
these 2 countries, and the proportion of young adolescents 
initiating ART rapidly was 77.7% immediately before the 
general Treat All policy, versus 76.6% immediately afterward. 
Results of sensitivity analyses using other bandwidths were 

consistent with the findings based on the data-driven Imbens-
Kalyanaraman bandwidth (Supplementary Table 3).

Trends in Rapid ART Initiation Before and After Treat All Adoption (Slope 

Comparison)

The average annual rate of increase in rapid ART initiation 
among young adolescents rose in countries where a pediatric 
Treat All policy was adopted in 2013, from 1.5pp per year be-
fore Treat All adoption to 7.7pp afterward (Table 2). However, 
no statistically significant change in the annual rate of increase 
in rapid ART initiation was observed in countries that adopted 
a general Treat All policy in 2016. In addition, no rate change 
was observed in Uganda and Zambia after the expansion of pe-
diatric Treat All policies to include all PLHA in 2016.

DISCUSSION

Whether part of a pediatric Treat All policy or a general Treat 
All policy, expansions of HIV treatment eligibility to those 
<15 years old were followed by significant and substantial in-
creases in ART initiation among 10–14-year-olds within 
30  days of enrollment in HIV care. Increases in rapid ART 
initiation were particularly large after national adoptions of a 
general Treat All policy (ie, for all ages) in 2016 in Burundi, 
DRC, Kenya, Malawi, and Rwanda. Observed increases in the 
proportion of young adolescents rapidly initiating ART after 
national adoption of Treat All policies may have substantial 
clinical importance, given evidence indicating that young ado-
lescents with perinatally acquired HIV often enroll in care late 
and do not start ART until they are at advanced stages of disease 
[14, 15, 33–35].

Burundi,
DRC, Rwanda

41.9 70.8

56.5

68.4

41.3

37.4 53.7

75.0

86.5

88.1

Kenya

Malawi

Uganda

Zambia

0 20 40 60

Proportion Initiating ART Rapidly

Year before Treat All Year after Treat All

80 100

Pediatric Treat All
2013

General Treat All
2016

Figure 1.  Proportions of adolescents 10–14 years old initiating antiretroviral treatment (ART) rapidly (within 30 days of enrollment in human immunodeficiency virus care) 
in the years before and after Treat All adoption, by country or region.
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Pretreatment CD4 test restuls were not available for a large pro-
portion of patients, making it difficult to ascertain clinical eligi-
bility for treatment among those enrolling before Treat All policies 
were adopted. However, among the 56.7% of young adolescents 
with pretreatment CD4 cell count data available before Treat All 
adoption, median counts for each country in our study were well 

below 500/µL, the previous immunologic threshold for treatment 
eligibility. This suggests that there were gaps in rapid ART initia-
tion for young adolescents when CD4 cell count–based eligibility 
criteria were in effect. These findings are in accordance with pre-
vious research highlighting a range of social and structural bar-
riers to HIV care and treatment for adolescents, whose needs may 

Table 2.  Effect of Antiretroviral Treatment (ART) Eligibility Expansion to Treat All Adolescents 10–14 Years Old and Trends in Rapid ART Initiation Before 
and After Treat All Adoption

Outcomes

Countries by Expansion Date and Type

Burundi, DRC, Kenya,  
Malawi, and Rwanda Uganda and Zambia

2016: General  
Treat All

2013: Pediatric  
Treat All

2016: General 
Treat All

Risk difference at Treat All adoption thresholda 23.4 11.2 −1.1

  95% CI 13.9–32.8 2.5–19.9 −13.9 to 11.7

  P value <.001 .01 .86

  Imbens-Kalyanaraman bandwidth, d 681 780 252

  No. within bandwidth 970 1937 665

Predicted outcome at Treat All threshold, %a    

  Enrollment just before Treat All adoption 62.0 39.0 77.7

  Enrollment just after Treat All adoption 85.4 50.2 76.6

  Relative change after Treat All adoption 37.7 28.7 −1.4

Slopes before and after Treat All adoption, rate 
of change in rapid ART initiation, pp/yb

   

  Before Treat All adoption 4.1 1.5 5.8

  After Treat All adoption 2.0 7.7 4.4

  P value for difference in slopes .69 <.001 .93

Abbreviations: ART, antiretroviral treatment; CI, confidence interval; DRC, Democratic Republic of the Congo.
aRisk difference and predicted outcomes at the Treat All threshold are from regression discontinuity analyses. Effects are calculated at the guideline expansion threshold of 1 day before 
versus 1 day after Treat All adoption.
bSlope comparison is from separate linear regression models comparing the periods before and after Treat All adoption.
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Figure 2.  Trends in rapid antiretroviral treatment (ART) initiation before and after Treat All adoption among adolescents 10–14 years old, by year of adoption.
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not be adequately met by service delivery strategies designed for 
younger children or adult HIV patients [6, 7, 36, 37].

The absolute effect of treatment eligibility expansions for 
young adolescents was greater under general Treat All policies 
than under earlier pediatric Treat All policies. This was note-
worthy, given that large numbers of adult patients, newly eligible 
under Treat All, could potentially strain HIV service provision, 
leading to the crowding out of vulnerable groups, such as young 
adolescents, for whom tailored interventions and services are 
recommended [11, 15, 38–40]. These results lend support for 
the supposition that general Treat All policies, with harmonized 
treatment recommendations for different population groups, 
are easier to implement in real-world treatment settings than 
prior policies targeting specific groups. Age-agnostic guide-
lines may help simplify the provision of HIV treatment in low-
resourced health systems in ways that lead to efficiency gains in 
service delivery [41, 42].

Given the 3-year interval between the pediatric Treat All ex-
pansions of 2013 and the general Treat All expansions of 2016, 
findings may also reflect temporal trends in provider prepared-
ness, health system capacities to rapidly implement expanded 
treatment guidelines, and improved strategies for initiating 
ART, despite decreases in donor funding for HIV during the 
period [43, 44].

Although immediate increases in rapid ART initiation 
among 10–14-year-olds were smaller after national adoptions 
of pediatric Treat All policies, the average annual rate of change 
in rapid ART initiation increased significantly after the adop-
tion of these policies in 2013. Consistent with the smaller im-
mediate effect observed at the Treat All adoption threshold, this 
may reflect a gradual roll-out or delayed implementation of the 
policy. In contrast, the lack of a statistically significant change 
in annual rates of rapid ART initiation after general Treat All 
policy adoptions in 2016 may be due to the high rates of rapid 
ART initiation achieved immediately after the policy (85.4%), 
with limited space for further increases above this level, as well 
as regression to the mean.

A concerning finding was the large decrease in pretreatment 
CD4 testing, as reflected by an increased proportion of young 
adolescents with no CD4 test results before treatment initiation. 
This finding is not unique to our study population [26, 45], and 
it reflects a larger trend of abandoning the use of CD4 cell count 
monitoring altogether in sub-Saharan Africa, driven by com-
binations of cost and laboratory supply chain issues, as well as 
prioritization of viral load over CD4 testing [46, 47]. Treat All 
policies have negated the need for pretreatment  CD4 testing 
to assess eligibility for treatment, and routine CD4 monitoring 
after ART initiation is generally not necessary in virally sup-
pressed patients in settings with routine viral load testing [46]. 
However, pretreatment CD4 testing remains important for 
identifying severely immunodeficient individuals who need 
enhanced clinical services, such as treatment of opportunistic 

infections [46] and for monitoring progress toward achieving 
the public health goals of HIV care and treatment scale-up [48].

A strength of this analysis is the use of a regression disconti-
nuity design with real-world service delivery data from diverse 
settings in 7 sub-Saharan African countries that adopted Treat 
All policies at 2 points in time. This quasi-experimental design 
provides support for the causal interpretation of the association 
between expanded ART eligibility under Treat All and increases 
in rapid ART uptake among young adolescents newly enrolling 
into HIV care. The use of a data-driven Imbens-Kalyanaraman 
bandwidth [32] and sensitivity analyses with 3 other band-
widths enabled us to generate robust effect estimates with min-
imal risk of researcher bias.

A limitation of our study is lack of complete data on 
treatment eligibility criteria for patients enrolling before 
national Treat All policy adoption (eg, pretreatment CD4 
cell counts, WHO staging, and coinfection with tubercu-
losis). Such data would have allowed us to adjust for differ-
ences in ART eligibility in the pre–Treat All sample. 

In addition, the limited availability of data on patient charac-
teristics beyond age, sex, and pretreatment CD4 cell count re-
stricted our ability to assess whether patients on each side of the 
regression discontinuity threshold were similar with respect to 
other pretreatment covariates. We also lacked data on service 
delivery strategies, including tailored services for adolescents, 
and supply side constraints, such as drug stockouts, that may in-
fluence rapid ART initiation among young adolescents enrolling 
into care. Moreover, though we know the dates when Treat All 
policies were adopted in each country, lags in site-level imple-
mentation likely varied across sites and countries included in 
this analysis [49]. Finally, the use of a 30-day rapid ART initia-
tion window, intended to enable comparisons with this group’s 
prior work [27], limits the comparability of findings to WHO’s 
rapid ART initiation estimates defined by a 7-day window after 
confirmation of HIV diagnosis.

These limitations notwithstanding, our results suggest that 
expanded treatment eligibility under Treat All has benefited 
10–14-year-olds by getting them treated more rapidly after en-
rollment in care. Because there are few age-disaggregated data 
related to the HIV care continuum for this age group, the cur-
rent study fills an important gap, indicating that an increasing 
share of young adolescents may be initiating ART rapidly under 
Treat All policies. Although these results are encouraging, fur-
ther research is needed on effective strategies for enrolling 
children with perinatally acquired HIV in HIV care earlier and 
improving care retention and ART adherence among adoles-
cent patients to support sustained viral suppression among this 
vulnerable population.
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