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Abstract

Background: Pediatric and adolescent HIV treatment programs in sub-Saharan Africa have 

rapidly expanded and evolved over the past decade. Real-world evidence of how implementation 

of new policies over time has impacted treatment outcomes is lacking, but crucial for guiding 

implementation of the next phases of the HIV treatment response in children. We examined 

how treatment outcomes in Zambia’s national pediatric and adolescent HIV treatment programs 

changed over time as new policies were implemented.

Methods: We used data from Zambia’s routine electronic health record to analyze ART-naïve 

children and adolescents living with HIV (CALHIV) between the ages of 0 and 19 years old who 

newly enrolled in care between January 1, 2011 and March 31, 2019 at 102 facilities supported 

by the Centre for Infectious Disease Research in Zambia (CIDRZ). We characterize changes in 

the distribution of the age and sex of new enrollees over time. We use an interrupted time-series 
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design to examine rates of ART initiation, retention in care, time to ART initiation, and first-line 

ART regimens among new enrollees across different age strata as they changed over time with the 

adoption of new ART guidelines in 2014 and 2017.

Findings: Between January 1, 2011 and March 31, 2019, 26,214 ART-naïve CALHIV newly 

enrolled at one of 102 ART facilities in two provinces in Zambia. Rates of new enrollments 

increased by 25–35% among children under the age of 15 over time, but by 92.3% among 

adolescents, with the largest absolute increase among adolescent females. Rates of ART initiation 

increased steadily and in parallel across all age groups from before the 2014 guidelines to after the 

2017 guidelines were implemented (<2y: 42.4% to 81.6%; 2–5y: 39.3% to 82.8%; 5–15y: 49.2% 

to 86.6%; 15–19y: 52.4% to 86.2%); median time to ART initiation went from 2 to 3 months 

to same-day initiation during this same time period. Rates of retention on ART 6 months after 

linkage saw much smaller improvements over time (<2y: 35.4% to 52.0%; 2–5y: 40.2% to 54.4%; 

5–15y: 46.7% to 63.4%; 15–19y: 40.1% to 52.7%).

Interpretation: Improvements in ART initiation occurred largely in parallel across age groups 

over time despite universal treatment being implemented at different time points for different ages. 

Although rates of ART initiation reach high levels, retention on ART remained low. This analysis 

provides a comprehensive examination of how pediatric and adolescent outcomes have evolved 

over the past decade in Zambia and identifies where more targeted efforts will be needed over the 

next decade.
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INTRODUCTION

Despite strong evidence for HIV treatment and prevention, outcomes across the care 

continuum among children and adolescents living with HIV (CALHIV) and progress in 

reaching UNAIDS 90-90-90 targets have lagged behind gains seen in adult population1–3. 

Over the past decade, evolving data has led the World Health Organization (WHO) and 

national HIV programs to rapidly adapt guidelines on treatment eligibility and treatment 

regimens over time, most recently culminating in recommendations for universal treatment 

regardless of age or immune status. These policy changes are aimed at optimizing treatment 

and prevention, but real-world evidence assessing the implementation of these policies and 

how they have impacted outcomes among CALHIV over time is lacking but crucial for 

developing the next phases of the HIV treatment response in children and adolescents.

Assessing the evolution and progress of pediatric and adolescent HIV programs can help 

identify both the gaps in care that have been successfully addressed while also underscoring 

those that still need attention across different age groups. Over the past decade, universal 

ART has gradually been adopted across all age groups, but how this correlates with 

rates of ART initiation, the selection of age-appropriate regimens, retention in care, and, 

ultimately, viral suppression is unknown. Programs have also experienced demographic 
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shifts from younger children to more adolescents4. Understanding both the current evolution 

of treatment programs is needed to inform and prioritize emerging innovations in prevention, 

testing, and treatment strategies1–3,5–7 for different age groups and types of care gaps. Such 

rigorous epidemiologic evidence can thus help guide tailored approaches across the care 

continuum and will enable pediatric and adolescent HIV programs continue to evolve and 

reach newer 95-95-95 targets for epidemic control.

We leverage data from Zambia’s national pediatric and adolescent HIV program from 2011 

to 2019 to examine temporal trends in outcomes and the impact of changes in treatment 

guidelines across different age groups. Zambia has one of the largest public health HIV care 

and treatment programs in Africa—approximately 72,000 children and 66,000 adolescents 

currently living with HIV—and a national electronic health record (EHR), SmartCare, that 

has allowed the country to monitor its large cohort of individuals over a substantial period 

of time. We leverage this EHR to examine demographic shifts in the number of CALHIV 

newly entering HIV care across age groups. We also use an interrupted time series design 

to examine rates of ART initiation, time to ART initiation, retention in care, and first-line 

ART regimens as they changed over time with the adoption of new ART guidelines8. 

This analysis provides a comprehensive examination of how pediatric and adolescent HIV 

outcomes have evolved over the past decade in Zambia and identifies where more targeted 

efforts will be needed over the next decade.

METHODS

Patient Population and Setting

We analyzed data from a cohort of ART-naïve CALHIV between the ages of 0 and 19 years 

old who newly enrolled in care between January 1, 2011 and March 31, 2019. CALHIV 

were from 102 Zambian Ministry of Health facilities that received technical support 

from the Centre for Infectious Disease Research in Zambia (CIDRZ), a nongovernmental 

organization operating across 2 of the 10 provinces in Zambia. Date of enrollment was 

considered the first visit an individual made to an HIV facility to receive care (i.e., linkage), 

and we excluded CALHIV who had evidence of previously receiving care at a different 

facility (i.e., transfer ins). During this time period, Zambia updated its HIV treatment 

guidelines on February 1, 2014 and then again on January 1, 2017 (appendix p 6). In 2014, 

universal ART was adopted as policy for children between 2 and 15 years old (it was already 

in place since 2010 for children less than 2 years old) and any pregnant or breastfeeding 

woman (i.e., Option B+); additionally, the CD4 eligibility threshold for everyone else was 

increased from less than 350 cell/μl to less than 500 cells/μl. In 2017, Zambia transitioned 

to universal ART treatment for all people living with HIV. CALHIV ineligible for ART at 

the time of enrollment were followed up with clinical evaluations and CD4 counts every 6 

months until becoming eligible for ART.

The study was approved by the University of Zambia Biomedical Research Ethics 

Committee (UNZABREC) and the institutional review board at the Washington University 

School of Medicine. This research consists of secondary analyses of pre-existing de-

identified programmatic data; thus, informed consent was not obtained.
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Measurements

Sociodemographic, clinical, facility-level, and visit history measurements were obtained 

from the national EHR and laboratory systems used in routine HIV care in Zambia. 

To populate the EHR, providers first complete standardized paper clinical forms during 

routine patient encounters, and then data clerks enter this information into the electronic 

database. We queried this database for all individual-level patient sociodemographic 

characteristics (e.g., age, sex, facility), clinical characteristics (e.g., CD4 counts, WHO 

Stage, anthropometrics, ART regimen), and longitudinal visit history (e.g., follow-up visits, 

ART pick-ups, enrollment date, date of ART initiation) data from our cohort. Data capture 

extended through December 31, 2019 to ensure all individuals had adequate time to observe 

the retention outcome.

Statistical Analysis

We sought to examine how Zambia’s national pediatric and adolescent HIV treatment 

programs have changed over time. First, we describe how the distribution of the age and 

sex of CALHIV newly enrolling in care changed over time. Second, we sought to examine 

changes in patient outcomes in Zambia’s national pediatric and adolescent HIV treatment 

programs over time, with specific focus on the impact of implemented new HIV treatment 

guidelines. To do so, we used an interrupted time-series design to examine how outcomes 

among newly enrolling CALHIV have changed over time in relation to these guidelines 

changes8. Among all newly enrolling CALHIV, we examined ART initiation within 3 

months of enrollment, time from enrollment to ART initiation, and retention in care on 

ART at 6 months (defined as having initiated ART and making at least one visit between 3- 

and 9- months post-enrollment after). Among those individuals who initiated ART, we also 

examined the proportion initiated on either an efavirenz-, nevirapine-, or lopinavir/ritonavir-

based regimen. We also examined scale-up of dolutegravir-based regimens across age groups 

in supplemental analysis as it was only introduced in mid-2018 in Zambia.

We considered that the implementation of new guidelines would be associated with an 

initial rapid (but not immediate) effect on patient outcomes during the first 90 days after 

guidelines were rolled out, followed by a return to a new baseline secular trend after the 

90-day transition period up until the next treatment guidelines were implemented. Thus, 

statistically, we modelled individual-level patient outcomes as a function of their date of 

enrollment using linear splines, stratifying by age group. We modelled a change of slope 

during the first 90 days after guidelines were implemented in 2014 and 2017 (i.e., to account 

for the rapid transition period where guidelines were being fully implemented) followed 

by another change of slope after the transition period to establish the new baseline secular 

trend during the remainder of the guideline period8. We applied established methods using 

Poisson regression with robust variances to model binary outcomes (i.e., ART initiation 

within 3 months, retention on ART at 6 months, and ART regimens). For time to ART 

initiation, we used median regression (i.e., quantile regression estimating the 50th percentile) 

to estimate the median time to ART initiation among all newly enrolling CALHIV. This 

approach estimating the median allowed us to account for individuals who never initiated 

ART (in contrast to using linear regression to estimate the mean). From these models, we 

then estimated marginal estimates (i.e., absolute percentages of ART initiation/retention 
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or median time to ART) with 95% confidence interval and also estimated the change in 

outcomes from a baseline immediately prior to 2014 and 2017 guideline rollout compared to 

90, 180, 365, and 730 days after guideline rollout.

Additional methodologic details on study setting, measurements, and statistical methods are 

presented in the appendix (p 2).

Role of the funding source

The funders of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report.

RESULTS

Between January 1, 2011 and March 31, 2019, 26,214 ART naïve CALHIV newly enrolled 

at one of 102 ART facilities in two provinces in Zambia (Figure 1) (4,234 <2 year olds 

[16.2%], 3,038 2–5 year olds [11.6%], 8,128 5–15 year olds [31.0%], and 10,814 15–

19 year olds [41.3%]). Among children below the age of fifteen entering care, sex was 

evenly distributed (<2 year olds 53.1% female, 2–5 year olds 50.5% female, 5–15 year old 

55.5% female), but adolescents between 15 and 19 years old skewed heavily towards being 

female (82.6%) (Table 1). A majority of children were from Lusaka as opposed to Western 

province.

Among children less than 15 years old, the absolute number of newly enrolling children per 

year remained relatively stable prior to 2017, with 25–35% increases across age groups after 

2017 (Figures 1 and 2). In contrast, the absolute number of newly enrolling 15–19 year olds 

per year has continued to grow steadily over time (92.3% increase between the 2011 and 

2017 guidelines periods), largely driven by increase in the number of female adolescents 

newly entering care. Thus, adolescents have made up a greater proportion of newly enrolling 

children over time, while the proportion made up of <2 year olds, 2–5 year olds, and 5–15 

year olds has been decreasing. Despite changing patterns in the number of patients newly 

enrolling, particularly among adolescents, the sex distribution remained stable over time 

across all age groups (Figure 2).

Among less than 2 year olds, ART initiation by 3 months increased, first rapidly then 

steadily, after implementation of the 2014 guidelines despite universal ART being policy 

since 2010 (Figure 3, appendix p 8). Rates of ART initiation mostly stabilized around 

75–80% by the time the 2017 guidelines were implemented with only small improvements 

after these guidelines were introduced. Retention on ART at 6 months steadily increased 

through both the 2010 and 2014 guideline period until stabilizing around 50% during 

the 2017 guideline period (Figure 3, appendix p 8). During the 2010 guidelines period, 

children were most frequently initiated on a nevirapine-based regimen, but this shifted to 

predominantly lopinavir-based regimens by the end of the 2014 guideline period (~80%) 

(Figure 4, appendix p 10).

Among both the 2–5 year old and 5–15 year old group, ART initiation by 3 months 

sharply increased within the first 90 days of implementation of 2014 guidelines (when 
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universal treatment was implemented for both these age groups), but continued to steadily 

increase through the 2014 guideline period until stabilizing around 80–85% during the 2017 

guideline period (Figure 3, appendix p 8). Similarly, retention on ART at 6 months steadily 

increased through the 2010 and 2014 guideline periods, but remained relatively steady after 

implementation of the 2017 guidelines (around 55% for 2–5 year olds and 65% for 5–15 

year olds). Both age groups shifted from being initiated on nevirapine-based regimens to 

either lopinavir-based regimens (for 2–5 year olds) or efavirenz-based regimens (for 5–15 

year olds) during the 2014 guideline period (Figure 4, appendix p 10). Since its introduction 

in mid-2018, 5–15 year olds have now also slowly started transitioning to dolutegravir-based 

regimens (appendix p 12).

Lastly, among 15–19 year olds, both the 2014 and 2017 guidelines led to sharp increases 

in ART initiation during the first 90 days after guidelines were implemented (Figure 3, 

appendix p 8). After the 2014 guidelines, rates of ART initiation continued to increase until 

2017, but after implementation of the 2017 guidelines, rates remained stable around 85–90% 

after the first 90 days. Retention on ART followed a similar pattern with rates plateauing 

around 55% after universal treatment was implemented in this age group (i.e., after the 

2017 guidelines). Zambia’s national treatment program almost fully transitioned to initiating 

adolescents on efavirenz-based regiments prior to the 2014 guidelines being implemented 

(Figure 4, appendix p 10), but is now also rapidly shifting to dolutegravir-based regimens 

since its introduction (appendix p 12).

Across all age groups, the median time to ART initiation was frequently greater than 3 

months prior to the 2014 guideline period, but steadily decreased over time to around 2 

weeks during the 2014 guidelines period and to same-day initiation after the 2017 guidelines 

were implemented (Figure 3, appendix p 8).

Secular time (i.e., guideline periods) and the facility a patient enrolled were the factors 

most associated with ART initiation and retention on ART across all age groups (appendix 

p 13). Facility explained a high degree of the total variability in patient outcomes among 

children less than 15 years old, but accounted for significantly less of variability in outcomes 

among adolescents. Additionally, being from Western Province was associated with similar 

incidence of ART initiation but trended towards decreased retention in care across all age 

strata. A documented enrollment CD4 count was also strongly associated with increased 

rates of retention in care across age strata.

DISCUSSION

We used an interrupted time series design to assess temporal trends and the impact of 

national policy changes on ART initiation and retention in care in Zambia’s pediatric 

and adolescent HIV program. Overall, these findings help to understand the programmatic 

successes with regards to ART initiation and retention in care, whilst also highlighting the 

substantial advancement in HIV prevention and treatment outcomes that will be needed over 

the next decade and beyond.
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Over the past decade—but particularly between 2014 and 2017—there were large advances 

in ART initiation, time to ART initiation, and retention in care. This coincides with the 

period of rapid expansion of Zambia’s pediatric ART program where substantial efforts 

were being made to reach 90-90-90 targets. Outcomes appear to reach a plateau after this 

period and around the time when universal treatment for all individuals living with HIV 

was implemented. This may reflect the point at which the Zambian treatment program 

became saturated and programmatic scale-up and expansion was no longer sufficient to 

reach the more peripheral pediatric populations. Those children “left behind” and who 

are still not initiating ART even with expanded access and universal ART eligibility 

likely require targeted, innovative programs in non-standard forums including community 

distribution points and other differentiated service delivery models1–3,5,6. Although rates 

of and time to ART initiation improved substantially, rates of retention in care continued 

to lag behind with only 50–60% of those linking to care being in care and on ART six 

months later, which is consistent with prior evidence9–11. In our analysis, the facility one 

attended was significantly associated with treatment outcomes so addressing heterogeneity 

in the quality of care and the experience of children and adolescents across facilities—and 

engaging them in the planning of new activities—is essential12–15. For young children, 

family-centered care models allow both parents and children to receive HIV care at the 

same place and time1,16, while adolescents—who experience new set of challenges as 

they are transitioning to adulthood12,13,17—may benefit from tailored youth-friendly spaces, 

peer-education, addressing stigma, and integrating care with other services such as family 

planning1,2,5,6,13. Many post-partum women are also mobile so programs also need to 

develop pathways for smooth transitions for both mothers and their babies18,19. Thus, 

despite the substantial gains made over the past decade, achieving sustained and lifelong 

treatment success in the pediatric populations still requires significant investment in the 

development, evaluation, and scale-up of innovative treatment strategies for this population, 

which Zambia has already begun to do.

We found that improvements in ART initiation occurred largely in parallel across age groups 

despite the fact that policies for universal treatment were implemented at different times for 

different age groups. For example, children less than 2 years old were universally eligible 

for ART beginning in 2010, but real-world implementation lagged behind with rates of 

ART initiation substantially improving only after 2014 (but also plateauing after the 2017 

guidelines were implemented). This trend was similar in the 2- to 5- and 5–15 year old age 

groups—who had universal treatment implemented 2014—as we all as the 5–19 year old 

group—who had universal treatment in 2017. In contrast, we did identify very rapid and 

concordant shifts in the first-line ART regimens being used once policies changed (including 

early evidence of the rapid transition to dolutegravir-based regimens after its introduction 

in mid-2018). These findings suggest a few important insights regarding the relationship 

between adoption of the policies and whether/when they are sufficient to ensure widespread 

implementation. Rapid shifts in the first-line ART regimen prescribing may have been 

due to concomitant changes in the national ART supply chain, which could have limited 

availability of alternative regimens and greatly facilitated guideline-concordant prescribing 

across facilities. On the other hand, improvements in ART initiation practices—where 

decisions are primarily made at the provider- and clinic-level—may have also necessitated 
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changes to the organizational climate that were not accomplished with policy changes alone. 

In particular, expansion of Zambia’s HIV treatment program, concurrent efforts to improve 

care quality, and increases in monitoring over the past decade may have been greater 

drivers of improved outcomes over time as opposed to specific policy changes for particular 

age groups. Indeed, implementation strategies such as these (e.g., practice facilitation and 

audit-and-feedback) have both been shown to be extremely effective at improving the uptake 

of guidelines in real-world settings20,21. Ultimately, these findings highlight the importance 

of considering robust implementation strategies to accompany policy changes to ensure that 

there is rapid and complete uptake.

Lastly, we also note several important trends in the demographics of Zambia’s pediatric 

and adolescent HIV program. Most notable are the dramatic increases in the number of 

adolescent girls entering HIV care. Adolescent girls have a much higher incidence of 

HIV compared to male peers22–24, and the demographic shifts in HIV programs have 

been previously documented4,25. The burden of this problem however, is also likely 

underestimated as adolescents living with HIV are least likely to know their status26; 

ZAMPHIA estimates indicate that only 40.6% of adolescents in Zambia are aware of 

their HIV status and only 30.7% overall are virally suppressed9. Targeted multi-sectoral 

HIV prevention programs for adolescents such as PEPFAR’s DREAM program are 

likely important for stemming this emerging shift in HIV incidence7. Additionally, newer 

innovations such as HIV self-testing and distribution among peers27–30 and PrEP5,22,31 

need to also be integrated within existing programs. We also noted that the number of 

new children linking to care in age groups below 15 declined between 2014 and 2017, but 

then had a slight uptick after 2017. This is likely due to the overall declines in vertical 

transmission4,32 accompanied by more recent improvements in early infant diagnoses (EID) 

and implementation of birth testing in Zambia in 2017, which would lead to increased 

identification of children who vertically acquired HIV. Nevertheless, a substantial number of 

children still present at later ages, so scale-up of birth testing and EID (including follow-up 

up through 24 months so as not to miss children who acquire HIV through breastfeeding) 

and timely linkage to care remains an ongoing challenge32,33.

Our study has several limitations. First, inherent limitations in our data sources precluded 

us from capturing more detailed outcomes among CALHIV who became lost to follow-up, 

including whether they had transferred between facilities or had died. These transfers—as 

well as errors in record entry—may mean that the absolute percentages of retention in 

care in this study are actually underestimated. Still, the characteristics and distribution of 

children newly entering care as well as their outcomes are largely consistent with previous 

studies from sub-Saharan Africa4,10,11, thus suggesting that there are no major biases in the 

temporal trends that we found. Second, it is possible that some CALHIV who appeared to be 

newly enrolling in care may actually have transferred from another facility or attempted to 

pose as a newly diagnosed patient. Although there is no unique national patient identifier in 

Zambia that would readily allow us to identify these instances, our cohort building process 

included steps that excluded all individuals who had evidence of previously receiving care 

elsewhere. Third, we were only able to assess CALHIV once they linked to care and were 

not able to assess any changes at earlier stages in the HIV care cascade, including changes 

in HIV incidence, testing, and linkage to care after diagnosis. Fourth, there was substantial 
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missingness with regards to CD4 counts, WHO staging, and anthropometric measurements. 

Lastly, we compared outcomes in our ITS analyses to a baseline from immediately prior 

to the new guidelines being adopted, but this assessment therefore does not incorporate 

previous secular trends. Although not typical for ITS analyses8, we felt this comparison 

represented a more plausible counterfactual compared to assuming that the pre-guideline 

trend would continue indefinitely.

In conclusion, we identified significant improvements in the rates of ART initiation and 

retention in care among CALHIV over time, although retention on ART at 6 months 

still remained quite low even in the most recent period. Improvements across age groups 

occurred steadily and largely in parallel despite differences in ART guidelines, suggesting 

somewhat limited impact of the adoption of new policies themselves and the importance 

of longitudinal efforts in scaling-up Zambia’s pediatric and adolescent program for all age 

groups. Additionally, we noted important demographic shifts among children now entering 

HIV care. This study provides important new information on the temporal trends and 

improvements in Zambia’s pediatric and adolescent HIV program and highlights key gaps 

along the care continuum that demand urgent attention going forward. Closing these gaps 

and making progress towards achieving 95-95-95 in children and adolescents will require 

differentiated HIV prevention and treatment strategies that target their unique social and 

developmental contexts.
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RESEARCH IN CONTEXT

Evidence before this study

We searched PubMed for studies that assessed pediatric outcomes of HIV treatment 

programs in resource-limited settings and the impact of changes to national treatment 

guidelines on these outcomes. We used the following combinations of search terms 

without any language or date restrictions: “HIV”, “pediatric”, “children”, “adolescents”, 

“treatment outcomes”, “enrollment”, “ART initiation”, “retention”, “universal treatment, 

“test and treat”, and “guideline changes”. We identified relevant English-language 

clinical trials and cohort studies published between 2010 and 2021 from this PubMed 

search. Additional references were identified by manually searching the citation lists of 

relevant manuscripts. We identified several cohort studies that described poor rates of 

ART initiation and retention in care among children, with a range of estimates depending 

on the setting and specific age group studied. Most studies only examined outcomes 

cross-sectionally and did not assess how treatment outcomes were changing over time. 

Among studies that did assess changes over time, almost all were performed prior to 

2015 and do not assess outcomes during the contemporary era of HIV treatment and 

its associated innovations in treatment. Only one study examined outcomes up through 

2017, but this was only among children less than 5 years old and it was restricted to 

those who had initiated ART and whose care status remained known over the follow-up 

period (i.e., did not consider those who were lost from care). No studies assessed 

how changes in treatment guidelines impacted outcomes across different age groups. 

Additionally, we did identify more contemporary studies that showed how demographics 

of pediatric and adolescent HIV are changing over time with increasing number of 

adolescents enrolling in HIV care, driven primarily by increasing incidence in adolescent 

females. These studies did not assess treatment outcomes, however. There is thus limited 

information of HIV treatment outcomes including ART initiation and retention in care 

among children and adolescents living with HIV during the test-and-treat era and how 

changes to treatment eligibility guidelines over the past decade have impacted these 

outcomes.

Added value of this study

We used an interrupted times series design to evaluate how treatment outcomes in 

Zambia’s national pediatric and adolescent HIV treatment programs changed over time 

as new policies were implemented. We assessed the distribution of the age and sex of 

new enrollees, rates of ART initiation, retention in care, time to ART initiation, and 

first-line ART regimens among new enrollees across different age strata as they changed 

over time with the adoption of new ART guidelines in 2014 and 2017. The study design 

allowed us to examine the real-world impacts of implementing new HIV treatment 

guidelines—which instituted universal HIV treatment at different times across different 

age groups—on both shorter- and longer-term longitudinal patient outcomes, and how 

these impacts varied across age groups. These results quantify the progress made in 

improving pediatric and adolescent HIV outcomes in one of the largest longitudinal 

studies to date (approximately 25,000 patients in 102 facilities across two provinces in 
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Zambia) and identifies where more targeted efforts will be needed in this large national 

treatment program over the next decade.

Implications of all the available evidence

Evidence suggests that rates of ART initiation and retention in care have steadily 

improved over time, but are likely beginning to plateau after universal treatment across 

all age groups was implemented. Across age strata, improvement largely occurred in 

parallel even though universal treatment was implemented at different time points for 

each age group, suggesting that improvements may have been associated with overall 

treatment scale-up in Zambia over the past decade rather than specific changes in 

guidelines. Rates of ART initiation reached high levels, but retention in care on ART at 

6 months is lagging behind. Additionally, there have been large increases in the number 

of adolescent females entering HIV care, likely corresponding to the significant increases 

in HIV incidence seen in this group, but only small increases across other demographics. 

Overall, these findings help to understand the successes pediatric and adolescent HIV 

programs have had in increasing rates of ART initiation and retention in care, but also 

highlight the substantial advancements in HIV prevention and treatment outcomes that 

will be needed over the next decade to reach the 95-95-95 goals and beyond.
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Figure 1: Patient Flowchart
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Figure 2: Distribution of Newly Enrolling Children and Adolescents by Age, Sex, and Time.
Numbers of newly enrolling children and adolescents are standardized to represent rate of 

new enrollees per year for periods where partial years are included.
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Figure 3: Interrupted-Time-Series Analysis of ART Initiation and Retention in Care over Time.
Green lines represent point estimates with confidence intervals (dashed grey lines) from 

interrupted-time-series models. Each scatter point represents observed individual-level data 

binned and averaged over 3-month quarters. For ART initiation by 3 months and In Care 

on ART by 6 months, lines and scatter plots represent the proportion of individuals who 

enrolled in care on a particular day with that outcome, and, for time to ART initiation, it 

represents the median days to ART initiation; arrows indicate the presence of estimates 

beyond the y-axis scale. The denominator for each outcome is all individuals newly 

enrolling care regardless of whether they initiated ART. Dashed red lines indicate the time 

that new guidelines were implemented.
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Figure 4: Interrupted-Time-Series Analysis of ART Regimens over Time.
Green lines represent point estimates with confidence intervals (dashed grey lines) from 

interrupted-time-series models. Each scatter point represents observed individual-level data 

binned and averaged over 3-month quarters. Lines and scatter plots represent the proportion 

of individuals who were started on a particular ART regimen based on their data of 

enrollment. The denominator for ART regimen newly enrolling individuals who are also 

known to have initiated ART. Dashed red lines indicate the time that new guidelines were 

implemented.
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