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Abstract

Purpose—About a third of untreated, perinatally HIV-infected children reach adolescence. We 

evaluated the durability and effectiveness of non-nucleoside reverse transcriptase inhibitor 

(NNRTI)-based antiretroviral therapy (ART) in this population.

Methods—Data from perinatally HIV-infected, antiretroviral-naïve patients initiated on NNRTI-

based ART aged 10–19 years who had ≥6 months of follow-up were analyzed. Competing risk 

regression was used to assess predictors of NNRTI substitution and clinical failure (WHO stage 

3/4 event or death). Viral suppression was defined as a viral load <400 copies/ml.

Results—Data from 534 adolescents met our inclusion criteria (56.2% female; median age at 

treatment initiation 11.8 years). After five years of treatment, median height-for-age z-score 

increased from −2.3 to −1.6 and median CD4+ cell count increased from 131 to 580 cells/mm3. 

The proportion of patients with viral suppression after 6 months was 87.6% and remained >80% 

up to five years of follow-up. NNRTI substitution and clinical failure occurred at rates of 4.9 and 

1.4 events per 100 patient-years, respectively. Not using cotrimoxazole prophylaxis at ART 

initiation was associated with NNRTI substitution (HR 1.5 versus using, 95%CI 1.0–2.2, p=0.05). 

Baseline CD4+ count ≤200 cells/mm3 (HR 3.3 versus >200, 95%CI 1.2–8.9, p=0.02) and not 

using cotrimoxazole prophylaxis at ART initiation (HR 2.1 versus using, 95%CI 1.0–4.6, p=0.05) 

were both associated with clinical failure.

Conclusions—Despite late ART initiation, adolescents achieved good rates of catch-up growth, 

CD4+ count recovery, and virological suppression. Earlier ART initiation and routine 

cotrimoxazole prophylaxis in this population may help to reduce current rates of NNRTI 

substitution and clinical failure.
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Of the 35 million people living with HIV, an estimated 2.1 million are adolescents (aged 10 

– 19 years) living in low- or middle-income countries and approximately 230,000 under 15 

years of age are living in the Asia Pacific region.[1,2] Despite a perception in earlier stages 

of the HIV epidemic that very few perinatally HIV-infected (paHIV) children could survive 

to adolescence without treatment, data from sub-Saharan Africa indicates that about a third 

live beyond the age of 10 years.[3,4] Consequently, until early infant diagnosis and linkage 

to HIV care improves, the number of paHIV adolescents presenting for treatment is likely to 

continue increasing.

The World Health Organization (WHO) preferred first-line antiretroviral therapy (ART) 

regimen for adolescents includes two nucleoside reverse transcriptase inhibitors (NRTIs) 

and a non-nucleoside reverse transcriptase inhibitor (NNRTI).[5] Maximizing the durability 

of first-line ART in adolescents is crucial given the length of time they will require 

treatment and the high cost and poorer tolerability of second-line protease inhibitors. While 

NNRTI-based ART is generally very safe and efficacious, initiation and maintenance of 

HIV treatment may be complicated by the difficult physical, emotional, and social changes 
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that take place during the transition to adulthood. Furthermore, prescribers must consider the 

pubertal delay and organ damage that is common in paHIV adolescents.[6–8] Studies from 

resource-limited areas have found adolescents tend to have high rates of poor treatment 

adherence, treatment failure and loss-to-follow-up.[9–12] A global effort is now underway 

to bring greater attention to this unique population, however, in order to improve the current 

situation we need to understand which treatment interventions are most likely to be 

effective.

This analysis evaluated the durability and effectiveness of NNRTI-based ART in paHIV 

adolescents receiving care in low- and middle-income countries in Asia. Specific outcomes 

evaluated included height-for-age recovery, immunological recovery, virological 

suppression, NNRTI substitution, and clinical failure.

Methods

The study population consisted of HIV-infected patients enrolled in the TREAT Asia 

Pediatric HIV Observational Database (TApHOD) which contributes to the International 

Epidemiologic Databases to Evaluate AIDS global consortium. Recruitment started in 2008 

and as of March 2014, TApHOD included data from 5511 children and adolescents who had 

ever received care at one of 16 pediatric clinics in Cambodia (n=1), India (n=1), Indonesia 

(n=2), Malaysia (n=4), Thailand (n=5), or Vietnam (n=3). These sites are predominantly 

public or university-based pediatric HIV referral clinics. Ethics approval was obtained at the 

sites, TREAT Asia/amfAR (coordinating center), and the Kirby Institute (data management 

and statistical analysis center). Patient consent is deferred to the individual participating sites 

and their institutional review boards; some sites require informed consent and others do not.

Data collection in TApHOD is based on a standardized set of demographic, monitoring and 

treatment variables that have been described previously.[13] The distinction between 

behavioral and perinatal HIV infection is made by study site investigators based on the 

clinical information available to them at the time of clinic entry. In general, documentation 

of perinatal infection is based on a combination of the following criteria: infection identified 

in early childhood; known or suspected parental HIV; no history of blood transfusion; and 

no documented or suspected history of sexual abuse.

Data from PaHIV, ART-naive children who started NNRTI-based ART (defined as a triple 

regimen containing two NRTIs and an NNRTI) aged 10 to 19 years on or after January 1, 

2003 and who had at least six months of follow-up on NNRTI-based ART were included in 

this analysis. Patients exposed to mono/dual therapy prior to starting triple therapy were 

excluded. Baseline date was the date of ART initiation. Treatment breaks less than 14 days 

and NRTI modifications were ignored.

The window period for baseline height, weight, CD4+ cell count, hemoglobin, and alanine 

aminotransferase measurements was within three months before or after ART initiation. For 

baseline viral load, the window period was between three months before and two weeks 

after treatment started. Measurements taken closest to the baseline date were used. Alanine 

aminotransferase upper limit of normal was consistent with the age and sex specific ranges 
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defined by the Harriet Lane Handbook 20th Edition.[14] Severe anemia was defined as 

hemoglobin <7.5 g/dl.[15] HIV disease staging was based on the WHO case definitions of 

HIV for surveillance and revised clinical staging and immunological classification of HIV-

related disease in adults and children.[16] The highest WHO stage documented prior to or at 

ART initiation was considered the baseline HIV disease severity.

Weight and height measurements were converted into age- and sex-standardized z-scores. 

Height-for-age z-scores were calculated using the WHO 2007 child growth standards and 

macros (ages 5–19 years).[17] Weight-for-age z-scores were calculated using the WHO 

child growth standards and macros for 1977.[18] The 1977 standards were used because the 

WHO 2007 weight-for-age standards are only applicable to children ≤10 years old, and a 

previous TApHOD analysis found the 1977 and 2007 standards give similar results.[19] 

Patients were considered hepatitis B co-infected if they had any record of a positive hepatitis 

B surface antigen test, and hepatitis C co-infected if they had any record of a positive 

hepatitis C antibody test. Patients were considered to be using cotrimoxazole prophylaxis if 

they were using cotrimoxazole at ART initiation or if they started within three months of 

initiating ART. Country income status was defined according to World Bank 

categorizations.[20]

Although ART adherence data are not routinely collected in TApHOD, a 2010 survey of ten 

participating sites collected information on their standard practices.[21] All sites reported 

providing adherence counseling for children before starting ART, and eight sites indicated 

that they regularly use one or more methods to monitor adherence to treatment [unpublished 

results].

Endpoints

Poor follow-up height-for-age was defined as a z-score <−2, poor follow-up CD4+ cell 

count was defined as a measurement <500 cells/mm3 and viral suppression was defined as a 

viral load <400 copies/ml. NNRTI substitution was defined as the first instance of NNRTI 

cessation or addition of a further drug class. Switching to a different NNRTI was not 

considered an NNRTI substitution. Treatment failure was defined as: after six months of 

ART; a viral load >1000 copies/mL, CD4+ cell count <100 cells/mm3, CD4+ cell count 

below baseline, a new or recurrent WHO stage 3 or 4 event, or an NNRTI substitution that 

the treating physician indicated was due to treatment failure. Other reasons for NNRTI 

substitution were based on reports from the treating physician. Clinical failure was defined 

as a new or recurrent WHO stage 3 or 4 event, or death. Loss-to-follow-up was defined as 

not presenting to care for ≥12 months without documentation of transfer to another clinic. 

Causes of death were determined by clinic physicians, including designations for immediate 

and underlying causes. Each case was reviewed by two clinicians, who independently 

assigned the causes of death, and a final review panel of three clinicians confirmed the 

causes of death. The most recently documented CD4+ cell count, viral load, and hemoglobin 

values prior to death or loss-to-follow-up were considered the last known measurements if 

they were within six months of the final follow-up date.
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Statistical Analysis

Generalized estimating equations [22] adjusted for duration of ART were used to investigate 

predictors of poor follow-up height-for-age, poor follow-up CD4+ cell count, and viral 

suppression. Height, CD4+, and viral load measurements were considered while patients 

were using NNRTI-based ART regardless of whether a baseline value was available. 

Proportions of adolescents meeting our definition of poor follow-up height-for-age, poor 

follow-up CD4+, and viral suppression were evaluated at 6-month (±3 months) intervals up 

to five years of follow-up. If, for any given time interval, multiple measurements were 

recorded for a patient, the value closest to the six-monthly time point was used.

Competing risk regression [23] was used to analyze predictors of NNRTI substitution and 

clinical failure. Time-to-NNRTI substitution was censored at the last clinic visit and 

competing events were death and loss-to-follow-up. Other NNRTI substitutions were 

considered an additional competing risk when time-to-NNRTI substitution due to treatment 

failure was evaluated. Time-to-clinical failure was censored at the last clinic visit or at the 

time of NNRTI substitution, and loss-to-follow-up was considered a competing event. 

Follow-up in all time-to-event analyses was left-truncated.[24]

Covariables were considered statistically significant in our multivariate models if one or 

more categories exhibited a p-value ≤0.05. Country income status was considered an 

important inclusion in all multivariate models regardless of significance. Patients with 

missing data were included in all analyses. However, hazard and odds ratios for missing 

categories are not reported.

Stata software version 13.1 was used for all statistical analysis.

Results

Patient Characteristics

Of 789 paHIV adolescents who started ART, 534 (67.7%) had at least six months of follow-

up on first-line NNRTI-based ART and were eligible for this analysis. Baseline 

characteristics of the eligible population are shown in Table 1. Median follow-up time was 

3.6 (IQR 2.1–6.3) years. For patients using cotrimoxazole prophylaxis at baseline, the 

median duration of their first cotrimoxazole regimen whilst on NNRTI-based ART was 1.2 

(IQR 0.7–1.8) years.

Height-for-age Recovery

Median height-for-age z-score increased consistently from −2.3 at baseline to −1.6 after five 

years of treatment (Figure 1a). Baseline height-for-age (OR 41.5 for z-score ≤−2.5 versus >

−2.5, 95%CI 25.8–66.5, p<0.01) and orphan status (OR 2.2 for neither parent alive versus 

both parents alive, 95%CI 1.0–4.3, p=0.04) were significantly associated with follow-up 

height-for-age z-score <−2. Baseline height-for-age was the only factor that remained 

significant when follow-up height-for-age was assessed as a continuous variable.
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CD4+ Cell Count Recovery

The median rate of CD4+ monitoring was 2.0 (IQR 1.7–2.5) tests/year. In high-middle and 

low/low-middle income countries the median rates were 2.0 (IQR 1.8–2.5) and 1.8 (1.4–2.7) 

tests/year, respectively. Median CD4+ cell count increased from 131 cells/mm3 at baseline 

to 330 cells/mm3 after six months, 470 cells/mm3 after 12 months, 585 cells/mm3 after 24 

months, and thereafter remained above 575 cells/mm3 (Figure 1b). Baseline CD4+ cell 

count (OR 3.5 for ≤200 versus >200 cells/mm3, 95%CI 2.5–4.8, p<0.01) and older age (OR 

1.1 for every year older, 95%CI 1.0–1.2, p=0.01) were significantly associated with follow-

up CD4+ cell count <500 cells/cm3. Both covariates remained significant when follow-up 

CD4+ cell count was modelled as a continuous variable.

Viral Suppression

The overall median rate of viral load monitoring was 1.0 (IQR 0.5–1.5) test/year. In high-

middle income countries the median rate was 1.1 (IQR 0.8–1.7) tests/year and in low/low-

middle income countries the median rate was 0.0 (0.0–0.4) tests/year. At baseline, 153 

patients had viral load data available. After 6, 12, 24, 36, 48 and 60 months the number of 

patients with viral load documented was 232, 173, 166, 148, 131, and 101, respectively. The 

proportion with viral suppression was 87.6% after six months of ART and remained >80% 

up to five years of follow-up. High baseline viral load was the only factor significantly 

associated with unsuppressed follow-up viral load (OR 3.9 for every log10 higher, 95%CI 

1.9–8.0, p<0.01) and remained significant when follow-up viral load was modelled as a 

continuous variable.

NNRTI Substitution

Of 332 patients initiated on nevirapine, 44 (13.3%) switched to efavirenz during the course 

of NNRTI use. The primary reasons for switching from nevirapine to efavirenz included an 

adverse event (n=17, 38.6%), patient decision (n=10, 22.7%), unknown/other (n=10, 

22.7%), drug interaction (n=5, 11.4%), and poor adherence (n=2, 4.6%). Of 202 patients 

initiated on efavirenz, 24 (11.9%) switched to nevirapine during the course of NNRTI use. 

The main reasons for switching from efavirenz to nevirapine were unknown/other (n=10, 

41.7%), adverse event (n=7, 29.2%), patient decision (n=3, 12.5%), poor adherence (n=2, 

8.3%), drug interaction (n=1, 4.2%), and drug stock out (n=1, 4.2%).

One hundred eight NNRTI substitutions occurred at a rate of 4.9 (95%CI 4.1–5.9) events per 

100 patient-years (Figure 1c). Median time to NNRTI substitution was 2.9 (IQR 1.6–4.3) 

years and median CD4+ cell count at substitution was 278 (IQR 134–459) cells/mm3. 

Patients most commonly switched to protease inhibitor-based ART (n=84, 78%) or had a 

protease inhibitor added to their NNRTI-based regimen (n=2, 2%). Other switch regimens 

consisted of lamivudine monotherapy (n=10, 9%), dual therapy (n=8, 7%), or other 

monotherapy (n=4, 4%). Documented evidence of treatment failure was present for 97 

substitutions (4.4 [95%CI 3.6–5.4] events per 100 patient-years); 79 treatment failures 

involved virological failure, 33 involved immunological failure, 14 involved a new or 

recurrent WHO stage 3 or 4 illness, and 19 were associated with both virological and 

immunological failure. Median time from the first documented evidence of treatment failure 

to NNRTI substitution was 8.5 (IQR 3.1–15.8) months. Among the 11 NNRTI substitutions 
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that were not associated with evidence of treatment failure, three were due to patient/

physician decision, one was due to toxicity, one was due to pregnancy, and six reasons were 

unknown. Not using cotrimoxazole prophylaxis at ART initiation was the only factor 

significantly associated with NNRTI substitution (HR 1.5 versus using cotrimoxazole, 

95%CI 1.0–2.2, p=0.05; Table 2). Our models for NNRTI substitution due to treatment 

failure were very similar to those depicted in Table 2, although the use of cotrimoxazole 

prophylaxis became slightly less significant (see Supplementary Table 1).

Clinical Failure

Thirty clinical failures (including 17 deaths) occurred at a rate of 1.4 (95%CI 1.0–2.0) 

events per 100 patient-years (Figure 1d). One patient was enrolled into TApHOD after 

experiencing a WHO stage 3 event on ART but before undergoing NNRTI substitution, 

hence, this individual’s follow-up time was left-truncated out of our clinical failure analysis 

and but partly retained in our NNRTI substitution analysis. This is why 14 patients had an 

NNRTI substitution associated with a previous WHO stage 3 or 4 event but only 13 patients 

experienced clinical failure in the form of a WHO stage 3 or 4 event. Baseline CD4+ cell 

count ≤200 cells/mm3 (HR 3.3 versus >200 cells/mm3, 95%CI 1.2–8.9, p=0.02) and not 

using cotrimoxazole prophylaxis (HR 2.1 versus using cotrimoxazole, 95%CI 1.0–4.6, 

p=0.05) were significant baseline predictors of clinical failure (Table 3).

Mortality and Loss-to-follow-up

Seventeen deaths occurred at a rate of 0.8 (95%CI 0.5–1.2) events per 100 patient-years. 

The median age, last CD4+ cell count and time on ART at death were 14.4 (IQR 12.5–16.6) 

years, 130 (15–328) cells/mm3 and 1.4 (1.0–3.1) years, respectively. Further details on the 

causes of death are provided in Table 4. Loss-to-follow-up occurred in 13 children at an 

overall rate of 0.6 (95%CI 0.3–1.0) events per 100 patient-years. The median age, last CD4+ 

cell count and time on ART at the last documented visit before being lost were 16.4 (IQR 

15.6–18.5) years, 624 (341–725) cells/mm3 and 4.9 (2.6–7.0) years, respectively.

Discussion

ART should be started during infancy in paHIV children.[5] However, early diagnosis of 

perinatal infection was a major challenge in Asia during the early years of the HIV 

epidemic, which has led to a survival cohort of adolescents with slow-progressing HIV who 

frequently present for care with advanced disease and severe immunosuppression. Since our 

study group represented a sample of this population, it was not surprising that almost 50% of 

patients were categorized as WHO stage 3/4 at ART initiation, and that median baseline 

CD4+ cell count was well below the threshold of ≤500 cells/mm3 currently recommended 

for treatment initiation by the WHO.[5] Clearly, there is a need to more rapidly identify and 

link infants and children to HIV care in Asia. Further work is also required to determine the 

proportion of paHIV adolescents that comprise the adolescent HIV population as current 

data does not distinguish between perinatally and behaviorally infected individuals.

Height-for-age is an important marker of nutritional status in children. Stunting, frequently 

defined as a height-for-age z-score <−2, can be a stigmatizing feature of pediatric HIV 
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infection that distinguishes paHIV adolescents from their uninfected peers and those 

infected behaviorally.[7,25] Fortunately, children generally experience catch-up growth 

once started on ART.[26,27] The rate of height-for-age increase in our analysis was very 

similar to that reported for an HIV-infected cohort of 5–15 year old children using ART in 

China.[27] We also found that adolescents with the lowest baseline height-for-age had the 

greatest difficulty achieving a normal z-score which is consistent with previous studies in 

children.[26,27] Interestingly, double orphans were more likely to have a follow-up height-

for-age z-score <−2 compared to non-orphans. This association should be interpreted with 

caution, as it became non-significant when follow-up height-for-age was modelled as a 

continuous variable. However, it is consistent with a study from Kenya which showed 

orphans experienced identical weight and height gains as non-orphans for the first 70 weeks 

of ART before both measurements begin to drop in orphans.[28] Bhattacharya et al (2010) 

have hypothesized that the poor nutritional status amongst HIV-infected orphans in India 

when compared to HIV-infected non-orphans may be associated with guardians being more 

likely than parents to become overwhelmed by their caregiving duties.[29]

Maximizing the durability and effectiveness of ART in adolescents is crucial given the 

length of time they will require treatment. However, current literature from Africa suggests 

HIV-infected adolescents experience difficulty achieving immunological recovery and 

remaining in care.[9–12] Shroufi et al (2013) reported that almost 25% of paHIV 

adolescents in southern Africa had a CD4+ cell count <200 cells/mm3 after five years on 

ART, and that the rate of loss-to-follow-up was 4.8 per 100 patient-years.[12] Moreover, 

Bakanda et al (2011) found that adolescents in a Ugandan HIV cohort had an overall 

mortality rate of 3.65 per 100 patient-years on ART.[9] In comparison, data from Asia, 

including our own, indicate that HIV-infected adolescents in the region have a better 

immune response to ART and lower rates of attrition and death.[30–32] Importantly, these 

differences do not appear to be attributable to regional variation in adherence as a recent 

meta-analysis reported that adolescents in Africa and Asia both exhibit an average ART 

adherence of approximately 84%.[10] The findings from our study suggest that an 

alternative explanation might be regional variation in the timing of ART initiation and use of 

cotrimoxazole prophylaxis.

Higher viral load at ART initiation was associated with higher odds of unsuppressed viral 

load on treatment, and baseline CD4+ cell count ≤200 cells/mm3 predicted both follow-up 

CD4+ count <500 cells/mm3 and clinical failure. Numerous adult and pediatric studies 

support these results,[12,30,33] including the recent START study which was terminated 

ahead of schedule after the interim analysis revealed that delaying ART initiation in 

asymptomatic adults until CD4+ cell count drops to 350 cells/mm3 significantly increased 

the risk of an AIDS-related event, serious non-AIDS-related event, or death.[33] Although 

the PREDICT trial reported no difference in AIDS-free survival between early and deferred 

ART in children older than 1 year of age, the authors themselves concluded that the lower 

than expected event rate in their study resulted in their analysis being underpowered to 

detect a significant difference.[34]

We also found that not using cotrimoxazole prophylaxis at ART initiation was associated 

with an increased rate of NNRTI substitution and clinical failure. The WHO currently 
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recommends that cotrimoxazole prevention therapy is provided for all HIV-infected children 

living in resource-limited areas with high HIV prevalence for the prevention of 

Pneumocystis pneumonia, toxoplasmosis, bacterial infections, and malaria.[5] Further, 

cotrimoxazole has been shown to slow growth retardation when ART is not available,[35] 

and to substantially reduce the risk of HIV-associated mortality.[36,37] Given 

cotrimoxazole prophylaxis at ART initiation was only documented for 67.8% of our study 

population, increased use amongst paHIV adolescents in Asia should be strongly 

encouraged.

Notably, over 20% of adolescents in this analysis that switched from their NNRTI-based 

regimen were initiated on mono or dual therapy. Whilst such an approach is not widely 

recommended, financial and structural constraints in resource-limited areas often limit 

access to new drugs and drug-sparing regimens may help to improve treatment adherence. 

Furthermore, recent evidence suggests that, in paHIV children with virological treatment 

failure, switching to a drug-sparing therapy produces similar CD4% increases and viral load 

reductions as switching to a new ART regimen.[38]

There were several limitations to this study. Most centers involved in TApHOD are urban 

referral centers and therefore our results may not be generalizable to rural settings in low/

middle income Asia. Given this was an analysis of observational program data we had to 

adjust for confounding factors using statistical methods. Importantly, the rate of viral load 

monitoring at sites from high-middle income countries was much higher than that of sites 

from low/low-middle income countries. As ART modifications occur more frequently at 

clinics that regularly monitor treatment [39] and viral failure tends to occur before 

immunological or clinical failure,[40] the difference in viral load testing by country income 

status may have driven the non-significant associations we observed between high-middle 

income status and NNRTI substitution, and low/low-middle income status and clinical 

failure. This highlights the importance of including income status in our models. 

Unfortunately however, our sample size was insufficient to adjust for more subtle 

differences in monitoring practices such as those that may have existed between sites or over 

the course of the study period. We were also missing some important information; more 

complete data on ART adherence, HIV viral load, drug toxicity, and social history would 

have helped to provide greater certainty to some of our findings.

PaHIV adolescents using NNRTI-based ART in our Asian cohort achieved good height-for-

age and CD4+ cell count recovery, and high rates of virological suppression. Our results 

indicate that earlier ART initiation and wider use of cotrimoxazole prophylaxis in this 

population may help to reduce the current rates of NNRTI substitution and clinical failure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Implication and Contributions Statement

Little is known about how perinatally HIV-infected, ART-naïve adolescents respond to 

treatment. This work shows they achieve good height-for-age and CD4+ recovery, and a 

high rate of virological suppression. Earlier ART initiation and routine concomitant 

cotrimoxazole prophylaxis may help reduce current rates of NNRTI substitution and 

clinical failure.
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Figure 1. a) Height-for-age Recovery, b) CD4+ Cell Count Recovery, c) NNRTI Substitution, and 
d) Clinical Failure
In a) and b), values in parentheses represent the number of patients with data available and 

error bars represent interquartile ranges. In c) and d), values in parentheses represent the 

number of patients at risk and shading represents the 95% confidence interval. NNRTI; non-

nucleoside reverse transcriptase inhibitor.
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Table 1

Baseline Characteristics

Characteristic Total number of adolescents=534

Age in years, median (IQR) 11.8 (10.7–13.2)

Female 300 (56.2%)

Orphan status, n=369

Both parents alive 63 (11.8%)

Single parent alive 111 (20.8%)

Neither parent alive 195 (36.5%)

WHO category

1/2 281 (52.6%)

3/4 253 (47.4%)

Height-for-age z-score, median (IQR), n=418 −2.3 (−3.6 to −1.4)

Weight-for-age z-score, median (IQR), n=429 −2.6 (−3.6 to −1.4)

CD4+ cell count in cells/mm3, median (IQR), n=457 131 (31–278)

HIV viral load in copies/mL, median (IQR), n=153 100,000 (40,900–250,000)

Hemoglobin in g/dl, median (IQR), n=407 11.2 (10.1–11.9)

Alanine transaminase in U/L, median (IQR), n=370 22 (15–37)

HBsAg positive, n(%tested), n=333 25 (7.5%)

Hepatitis C antibody positive, n(%tested), n=196 4 (2.0%)

Prior tuberculosis diagnosis 104 (19.5%)

Using cotrimoxazole prophylaxis 362 (67.8%)

Initial NNRTI-based regimen

3TC/AZT/EFV 114 (21.3%)

3TC/d4T/EFV 70 (13.1%)

3TC/AZT/NVP 129 (24.2%)

3TC/d4T/NVP 202 (37.8%)

3TC/TDF/EFV or NVP# 19 (3.6%)

Country income status

High-middle 400 (74.9%)

Low/low-middle 134 (25.1%)

Values are n (%total) unless otherwise specified.

#
One patient was using 3TC/TDF/NVP in this group.

IQR; interquartile range, WHO; World Health Organization, HBsAg; hepatitis B surface antigen, NNRTI; non-nucleoside reverse transcriptase 
inhibitor, 3TC; lamivudine, AZT; zidovudine, EFV; efavirenz, d4T; stavudine, NVP; nevirapine, TDF; tenofovir.

J Adolesc Health. Author manuscript; available in PMC 2017 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Boettiger et al. Page 17

T
ab

le
 2

B
as

el
in

e 
Fa

ct
or

s 
A

ss
oc

ia
te

d 
w

ith
 N

N
R

T
I 

Su
bs

tit
ut

io
n

N
N

R
T

I 
su

bs
ti

tu
ti

on
s

P
at

ie
nt

 y
ea

rs
 f

ol
lo

w
-u

p
R

at
e 

pe
r 

10
0 

pa
ti

en
t-

ye
ar

s 
(9

5%
C

I)
U

ni
va

ri
at

e 
H

R
 (

95
%

C
I)

p
M

ul
ti

va
ri

at
e 

H
R

 (
95

%
C

I)
p

O
ve

ra
ll

10
8

21
97

.9
4.

9 
(4

.1
 –

 5
.9

)

C
ot

ri
m

ox
az

ol
e 

pr
op

hy
la

xi
s⋄

Y
es

68
15

85
.4

4.
3 

(3
.4

 –
 5

.4
)

1.
0

1.
0

N
o

40
61

2.
5

6.
5 

(4
.8

 –
 8

.9
)

1.
5 

(1
.0

 –
 2

.3
)

0.
03

1.
5 

(1
.0

 –
 2

.2
)

0.
05

C
ou

nt
ry

 in
co

m
e 

st
at

us
⋄

H
ig

h-
m

id
dl

e
95

18
10

.4
5.

2 
(4

.3
 –

 6
.4

)
1.

5 
(0

.9
 –

 2
.7

)
0.

14
1.

4 
(0

.8
 –

 2
.5

)
0.

23

L
ow

/lo
w

-m
id

dl
e

13
38

7.
5

3.
4 

(1
.9

 –
 5

.8
)

1.
0

1.
0

A
ge

E
ve

ry
 o

ne
 y

ea
r 

ol
de

r
10

8
21

97
.9

4.
9 

(4
.1

 –
 5

.9
)

1.
0 

(0
.9

 –
 1

.1
)

0.
79

1.
0 

(0
.9

 –
 1

.1
)

0.
73

Se
x

M
al

e
44

90
7.

0
4.

9 
(3

.6
 –

 6
.5

)
1.

0
1.

0

Fe
m

al
e

64
12

90
.8

5.
0 

(3
.9

 –
 6

.3
)

1.
0 

(0
.7

 –
 1

.5
)

0.
88

1.
0 

(0
.7

 –
 1

.5
)

0.
85

C
D

4+
 c

el
l c

ou
nt

>
20

0
25

66
2.

2
3.

8 
(2

.6
 –

 5
.6

)
1.

0
1.

0

≤2
00

59
12

44
.5

4.
7 

(3
.7

 –
 6

.1
)

1.
2 

(0
.8

 –
 2

.0
)

0.
40

1.
4 

(0
.9

 –
 2

.3
)

0.
15

M
is

si
ng

24
29

1.
1

8.
2 

(5
.5

 –
 1

2.
3)

-
-

In
it

ia
l N

N
R

T
I-

ba
se

d 
re

gi
m

en

3T
C

/A
Z

T
/E

FV
22

38
6.

3
5.

7 
(3

.7
 –

 8
.6

)
1.

1 
(0

.7
 –

 1
.9

)
0.

65
1.

2 
(0

.7
 –

 1
.9

)
0.

56

3T
C

/d
4T

/E
FV

14
37

5.
7

3.
7 

(2
.2

 –
 6

.3
)

0.
8 

(0
.4

 –
 1

.4
)

0.
36

0.
7 

(0
.4

 –
 1

.3
)

0.
31

3T
C

/A
Z

T
/N

V
P

25
48

3.
6

5.
2 

(3
.5

 –
 7

.7
)

1.
0 

(0
.6

 –
 1

.6
)

0.
94

0.
9 

(0
.6

 –
 1

.5
)

0.
79

3T
C

/d
4T

/N
V

P
47

92
0.

7
5.

1 
(3

.8
 –

 6
.8

)
1.

0
1.

0

3T
C

/T
D

F/
E

FV
 o

r 
N

V
P

0
31

.5
0.

0 
(0

.0
 –

 0
.0

)
nc

nc

M
ul

tiv
ar

ia
te

 H
R

s 
fo

r 
va

ri
ab

le
s 

no
t i

nc
lu

de
d 

in
 th

e 
fi

na
l m

od
el

 s
ho

w
 th

e 
ef

fe
ct

 o
f 

ad
ju

st
in

g 
fo

r 
in

cl
ud

ed
 v

ar
ia

bl
es

. H
R

s 
fo

r 
m

is
si

ng
 c

at
eg

or
ie

s 
ar

e 
no

t s
ho

w
n.

⋄ In
cl

ud
ed

 in
 f

in
al

 m
ul

tiv
ar

ia
te

 m
od

el
 (

co
tr

im
ox

az
ol

e 
pr

op
hy

la
xi

s,
 c

ou
nt

ry
 in

co
m

e 
st

at
us

).

N
N

R
T

I;
 n

on
-n

uc
le

os
id

e 
re

ve
rs

e 
tr

an
sc

ri
pt

as
e 

in
hi

bi
to

r,
 9

5%
C

I;
 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
, H

R
; h

az
ar

d 
ra

tio
, 3

T
C

; l
am

iv
ud

in
e,

 A
Z

T
; z

id
ov

ud
in

e,
 E

FV
; e

fa
vi

re
nz

, d
4T

; s
ta

vu
di

ne
, N

V
P;

 n
ev

ir
ap

in
e,

 T
D

F;
 

te
no

fo
vi

r,
 n

c;
 n

on
-c

al
cu

la
bl

e.

J Adolesc Health. Author manuscript; available in PMC 2017 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Boettiger et al. Page 18

T
ab

le
 3

B
as

el
in

e 
Fa

ct
or

s 
A

ss
oc

ia
te

d 
w

ith
 C

lin
ic

al
 F

ai
lu

re

C
lin

ic
al

 f
ai

lu
re

s
P

at
ie

nt
- 

ye
ar

s 
fo

llo
w

-u
p

R
at

e 
pe

r 
10

0 
pa

ti
en

t-
ye

ar
s 

(9
5%

C
I)

U
ni

va
ri

at
e 

H
R

 (
95

%
C

I)
p

M
ul

ti
va

ri
at

e 
H

R
 (

95
%

C
I)

p

O
ve

ra
ll

30
21

76
.1

1.
4 

(1
.0

 –
 2

.0
)

C
D

4+
 c

el
l c

ou
nt

, c
el

ls
/m

m
3⋄

>
20

0
5

65
5.

4
0.

8 
(0

.3
 –

 1
.8

)
1.

0
1.

0

≤2
00

22
12

30
.3

1.
8 

(1
.2

 –
 2

.7
)

2.
4 

(0
.9

 –
 6

.4
)

0.
07

3.
3 

(1
.2

 –
 8

.9
)

0.
02

M
is

si
ng

3
29

0.
4

1.
0 

(0
.3

 –
 3

.2
)

-
-

C
ot

ri
m

ox
az

ol
e 

pr
op

hy
la

xi
s⋄

Y
es

19
15

73
.9

1.
2 

(0
.8

 –
 1

.9
)

1.
0

1.
0

N
o

11
60

2.
2

1.
8 

(1
.0

 –
 3

.3
)

1.
5 

(0
.7

 –
 3

.1
)

0.
33

2.
1 

(1
.0

 –
 4

.6
)

0.
05

C
ou

nt
ry

 in
co

m
e 

st
at

us
⋄

H
ig

h-
m

id
dl

e
23

18
01

.6
1.

3 
(0

.9
 –

 1
.9

)
1.

0
1.

0

L
ow

/lo
w

-m
id

dl
e

7
37

4.
5

1.
9 

(0
.9

 –
 3

.9
)

1.
3 

(0
.5

 –
 2

.9
)

0.
59

1.
7 

(0
.7

 –
 4

.3
)

0.
24

A
ge

E
ve

ry
 o

ne
 y

ea
r 

ol
de

r
30

21
76

.1
1.

4 
(1

.0
 –

 2
.0

)
1.

0 
(0

.8
 –

 1
.2

)
0.

93
1.

0 
(0

.8
 –

 1
.2

)
0.

87

Se
x

M
al

e
14

89
6.

8
1.

6 
(0

.9
 –

 2
.6

)
1.

0
1.

0

Fe
m

al
e

16
12

79
.3

1.
3 

(0
.8

 –
 2

.0
)

0.
8 

(0
.4

 –
 1

.7
)

0.
63

0.
9 

(0
.5

 –
 1

.9
)

0.
84

W
ei

gh
t-

fo
r-

ag
e 

z-
sc

or
e

>
−

2.
5

8
83

3.
5

1.
0 

(0
.5

 –
 1

.9
)

1.
0

1.
0

≤−
2.

5
20

92
0.

7
2.

2 
(1

.4
 –

 3
.4

)
2.

3 
(1

.0
 –

 5
.2

)
0.

05
2.

0 
(0

.9
 –

 4
.5

)
0.

09

M
is

si
ng

2
42

1.
9

0.
5 

(0
.1

 –
 1

.9
)

-
-

H
em

og
lo

bi
n

N
ot

 s
ev

er
el

y 
an

em
ic

24
16

36
.1

1.
5 

(1
.0

 –
 2

.2
)

1.
0

1.
0

Se
ve

re
ly

 a
ne

m
ic

2
42

.1
4.

8 
(1

.2
 –

 1
9.

0)
3.

2 
(0

.8
 –

 1
3.

3)
0.

11
2.

7 
(0

.7
 –

 1
0.

6)
0.

15

M
is

si
ng

4
49

7.
9

0.
8 

(0
.3

 –
 2

.1
)

-
-

In
it

ia
l N

N
R

T
I-

ba
se

d 
re

gi
m

en

3T
C

/A
Z

T
/E

FV
6

38
3.

7
1.

6 
(0

.7
 –

 3
.5

)
1.

3 
(0

.5
 –

 3
.6

)
0.

61
1.

2 
(0

.4
 –

 3
.3

)
0.

72

3T
C

/d
4T

/E
FV

7
37

0.
3

1.
9 

(0
.9

 –
 4

.0
)

1.
9 

(0
.7

 –
 4

.8
)

0.
21

1.
7 

(0
.7

 –
 4

.3
)

0.
27

J Adolesc Health. Author manuscript; available in PMC 2017 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Boettiger et al. Page 19

C
lin

ic
al

 f
ai

lu
re

s
P

at
ie

nt
- 

ye
ar

s 
fo

llo
w

-u
p

R
at

e 
pe

r 
10

0 
pa

ti
en

t-
ye

ar
s 

(9
5%

C
I)

U
ni

va
ri

at
e 

H
R

 (
95

%
C

I)
p

M
ul

ti
va

ri
at

e 
H

R
 (

95
%

C
I)

p

3T
C

/A
Z

T
/N

V
P

7
48

2.
0

1.
5 

(0
.7

 –
 3

.1
)

1.
3 

(0
.5

 –
 3

.3
)

0.
65

1.
3 

(0
.5

 –
 3

.3
)

0.
63

3T
C

/d
4T

/N
V

P
10

90
8.

5
1.

1 
(0

.6
 –

 2
.1

)
1.

0
1.

0

3T
C

/T
D

F/
E

FV
 o

r 
N

V
P

0
31

.5
0.

0 
(0

.0
 –

 0
.0

)
nc

nc

M
ul

tiv
ar

ia
te

 H
R

s 
fo

r 
va

ri
ab

le
s 

no
t i

nc
lu

de
d 

in
 th

e 
fi

na
l m

od
el

 s
ho

w
 th

e 
ef

fe
ct

 o
f 

ad
ju

st
in

g 
fo

r 
in

cl
ud

ed
 v

ar
ia

bl
es

. H
R

s 
fo

r 
m

is
si

ng
 c

at
eg

or
ie

s 
ar

e 
no

t s
ho

w
n.

⋄ In
cl

ud
ed

 in
 f

in
al

 m
ul

tiv
ar

ia
te

 m
od

el
 (

C
D

4 
ce

ll 
co

un
t, 

co
tr

im
ox

az
ol

e 
pr

op
hy

la
xi

s,
 c

ou
nt

ry
 in

co
m

e 
st

at
us

).

95
%

C
I;

 9
5%

 c
on

fi
de

nc
e 

in
te

rv
al

, H
R

; h
az

ar
d 

ra
tio

, N
N

R
T

I;
 n

on
-n

uc
le

os
id

e 
re

ve
rs

e 
tr

an
sc

ri
pt

as
e 

in
hi

bi
to

r,
 3

T
C

; l
am

iv
ud

in
e,

 A
Z

T
; z

id
ov

ud
in

e,
 E

FV
; e

fa
vi

re
nz

, d
4T

; s
ta

vu
di

ne
, N

V
P;

 n
ev

ir
ap

in
e,

 T
D

F;
 

te
no

fo
vi

r,
 n

c;
 n

on
-c

al
cu

la
bl

e.

J Adolesc Health. Author manuscript; available in PMC 2017 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Boettiger et al. Page 20

T
ab

le
 4

C
au

se
s 

of
 d

ea
th

P
at

ie
nt

A
ge

 in
 y

ea
rs

 
at

 d
ea

th
Se

x
L

as
t 

C
D

4+
 

ce
ll 

co
un

t 
in

 
ce

lls
/m

m
3

L
as

t 
vi

ra
l 

lo
ad

 in
 

co
pi

es
/m

L

L
as

t 
he

m
og

lo
bi

n 
in

 g
/d

l
U

si
ng

 c
ot

ri
m

ox
az

ol
e 

at
 t

im
e 

of
 d

ea
th

L
as

t 
A

R
T

 r
eg

im
en

Y
ea

rs
 o

n 
A

R
T

 a
t 

de
at

h
U

nd
er

ly
in

g 
ca

us
e 

of
 d

ea
th

1
17

.3
F

46
8

?
12

.1
N

o
3T

C
/A

Z
T

/E
FV

7.
0

E
nc

ep
ha

lo
pa

th
y

2
16

.6
F

?
<

40
0

?
N

o
3T

C
/A

Z
T

/N
V

P
3.

1
R

ap
id

ly
 p

ro
gr

es
si

ve
 g

lo
m

er
ul

on
ep

hr
iti

s

3
19

.3
F

?
?

?
N

o
3T

C
/A

Z
T

/E
FV

8.
7

U
nk

no
w

n

4
11

.8
F

19
2

<
40

0
7.

6
N

o
3T

C
/d

4T
/N

V
P

1.
0

L
ym

ph
om

a,
 B

-c
el

l

5
21

.4
F

?
?

?
N

o
3T

C
/d

4T
/N

V
P

9.
4

W
as

tin
g

6
11

.6
M

43
?

6.
4

N
o

3T
C

/d
4T

/N
V

P
0.

8
U

nk
no

w
n

7
13

.7
F

11
<

40
0

13
.1

N
o

3T
C

/d
4T

/N
V

P
1.

4
U

nk
no

w
n

8
16

.6
M

38
9

53
,8

00
13

.0
N

o
3T

C
/A

Z
T

/N
V

P
4.

4
Ps

yc
hi

at
ri

c 
di

se
as

e

9
15

.1
F

32
8

<
40

0
12

.9
Y

es
3T

C
/d

4T
/E

FV
0.

8
L

ac
tic

 a
ci

do
si

s

10
13

.9
F

13
0

?
12

.2
Y

es
3T

C
/d

4T
/N

V
P

1.
4

D
ru

g 
si

de
 e

ff
ec

t

11
12

.5
F

?
?

?
Y

es
3T

C
/d

4T
/N

V
P

1.
5

M
as

to
id

iti
s

12
16

.0
M

?
?

14
.3

N
o

3T
C

/d
4T

/E
FV

1.
3

M
en

in
gi

tis

13
15

.0
F

10
75

,2
38

4.
5

Y
es

3T
C

/d
4T

/N
V

P
3.

0
Se

ps
is

14
11

.9
M

?
?

?
Y

es
3T

C
/d

dI
/E

FV
1.

7
R

ha
bd

om
yo

sa
rc

om
a

15
14

.4
M

17
8

?
?

Y
es

3T
C

/A
Z

T
/E

FV
0.

7
T

ub
er

cu
lo

si
s,

 d
is

se
m

in
at

ed

16
10

.8
F

53
?

?
Y

es
3T

C
/A

Z
T

/N
V

P
0.

7
U

nk
no

w
n

17
14

.1
M

15
?

8.
4

Y
es

3T
C

/T
D

F/
E

FV
1.

0
Pu

lm
on

ar
y 

tu
be

rc
ul

os
is

A
R

T
; a

nt
ir

et
ro

vi
ra

l t
he

ra
py

, F
; f

em
al

e,
 M

; m
al

e,
 ?

; u
nk

no
w

n 
va

lu
e,

 3
T

C
; l

am
iv

ud
in

e,
 A

Z
T

; z
id

ov
ud

in
e,

 E
FV

; e
fa

vi
re

nz
, N

V
P;

 n
ev

ir
ap

in
e,

 d
4T

; s
ta

vu
di

ne
, d

dI
; d

id
an

os
in

e,
 T

D
F;

 te
no

fo
vi

r.

J Adolesc Health. Author manuscript; available in PMC 2017 April 01.


