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Children on Antiretroviral Therapy in Malawi, Lesotho,
and Swaziland

WHAT’S KNOWN ON THIS SUBJECT: There is evidence from both
developed and developing countries that antiretroviral treatment
significantly reduces mortality in HIV-infected children. However,
in sub-Saharan Africa, numerous health system, financial, and
human resource obstacles make delivering quality pediatric HIV
care a challenge.

WHAT THIS STUDY ADDS: We describe the experience of the
Baylor International Pediatrics AIDS Initiative in Malawi, Lesotho,
and Swaziland. Despite challenges delivering pediatric treatment
in these countries, mortality and clinical outcomes approaching
those from developed countries are feasible.

abstract
OBJECTIVE: To determine mortality and immune status improvement
in HIV-infected pediatric patients on antiretroviral treatment (ART) in
Malawi, Lesotho, and Swaziland.

METHODS:We conducted a retrospective cohort study of patients aged,12
years at ART initiation at 3 sites in sub-Saharan Africa between 2004 and
2009. Twelve-month and overall mortality were estimated, and factors
associated with mortality and immune status improvement were evaluated.

RESULTS: Included in the study were 2306 patients with an average
follow-up time on ART of 2.3 years (interquartile range 1.5–3.1 years).
One hundred four patients (4.5%) died, 9.0% were lost to follow-up,
and 1.3% discontinued ART. Of the 104 deaths, 77.9% occurred in
the first year of treatment with a 12-month mortality rate of 3.5%.
The overall mortality rate was 2.25 deaths/100 person-years (95%
confidence interval [CI] 1.84–2.71). Increased 12-month mortality was
associated with younger age; ,6 months (hazard ratio [HR] = 8.11,
CI 4.51–14.58), 6 to ,12 months (HR = 3.43, CI 1.96–6.02), and 12
to,36 months (HR = 1.92, CI 1.16–3.19), and World Health Organization
stage IV (HR = 4.35, CI 2.19–8.67). Immune status improvement at 12
months was less likely in patients with advanced disease and age ,12
months.

CONCLUSIONS: Despite challenges associated with pediatric ART in devel-
oping countries, low mortality and good treatment outcomes can be
achieved. However, outcomes are worse in younger patients and those
with advanced disease at the time of ART initiation, highlighting the impor-
tance of early diagnosis and treatment. Pediatrics 2012;130:e591–e599
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The global burden of HIV infection is
high, with an estimated 34 million
adultsandchildren livingwithHIVby the
endof2010, themajorityofwhomreside
in sub-Saharan Africa.1 Evidence from
both developed and developing coun-
tries demonstrates that antiretroviral
therapy (ART) can reduce mortality in
HIV-infected adults and children.2–15

However, as of 2010, only 21% of eligi-
ble African children accessed ART de-
spite scaling up of HIV services, and
most national ART programs in the re-
gion are not meeting the World Health
Organization (WHO) goal that infants
and children represent at least 10% to
15% of all patients on ART.1,16

Althoughmuchworkremainsto improve
ART access for HIV-infected African chil-
dren, notable regional progress has
been made in the past decade. Specifi-
cally, expanded prevention of mother-to-
child transmission (PMTCT) strategies,
greateravailability of pediatric ART drug
formulations, lower thresholds for child
and infant ART eligibility including guide-
lines for universal treatment of HIV-
infected infants, and developments in
early infantHIVdiagnostics suchasdried
blood spot methodology for virologic
testing have contributed to advancing
pediatric HIV services in the region.1,17

In this context, this study describes our
experienceprovidingcaretoHIV-infected
childreninMalawi,Lesotho,andSwaziland
at Baylor International Pediatric AIDS
Initiative (BIPAI) Centers of Excellence.18

We examine factors related to mortality
and immune response to ART and com-
pare our mortality rates with those re-
ported from similar cohorts from both
African and US settings.

METHODS

BIPAI has created a network of Centers
of Excellence and satellite clinics in 6
African countries in partnership with na-
tional governments beginning in 1999.19,20

The BIPAI clinics use a multidisciplinary
staff including pediatricians, medical

officers, clinical officers, nurses, phar-
macists, and social workers to provide
clinical care, medications, and psycho-
social support free of charge to pedi-
atric HIV-infected and exposed patients.
BIPAI treatment programs began pro-
viding ART to children in 2004, 2005, and
2006 in Malawi, Lesotho, and Swaziland,
respectively. The 3 BIPAI clinics had en-
rolled a combined total of .14 000
patients (∼30% were HIV-exposed and
70% HIV-infected at enrollment), and
.5000 patients at the 3 sites had ever
been started on ART by end of 2009.18

Children were initiated on ART per na-
tional guidelines which were based on
WHO recommendations: clinical stage III
or IV, severe immunosuppression per
age-specific CD4 thresholds, and pre-
sumptive severe HIV disease in infants
without virologic confirmation of infec-
tion.21–23 Additionally, in 2008–2009, each
country implemented universal ART for
HIV-infected infants,12 months regard-
less of CD4 or clinical stage per WHO
recommendations.17 Standard pediatric

first-line ART in Lesotho and Swaziland
was zidovudine, lamivudine, and nevi-
rapine or efavirenz, stavudine with
lamivudine and nevirapine were first-line
ART for children in Malawi. Each country
used a nucleoside reverse transcriptase
inhibitor backbonewith boosted lopinavir/
ritonavir for pediatric second-line therapy.

Baseline nutritional status was classi-
fied as normal or mild, moderate, or
severe acute malnutrition by using
weight for height (W/H) tables, z scores,
mid-upper arm circumferences (MUAC),
and edema assessments in accordance
with national recommendations (mild
malnutrition =W/H 80%–85%;moderate
malnutrition = W/H 70%–79% or MUAC
,12 cm; severe malnutrition: W/H
,70% or MUAC ,11 cm or edema).
Chronic forms of malnutrition such as
stunting were considered in patients’
WHO staging but were not reflected
in the baseline assessments of acute
malnutrition.

Provision of cotrimoxazole preven-
tive therapy for Pneumocystis jiroveci

TABLE 1 Sociodemographic and Clinical Characteristics at ART Initiation

Baseline Characteristics Lesotho
(n = 789)

Malawi
(n = 880)

Swaziland
(n = 637)

Total
(N = 2306)

Sociodemographic
Age, median (IQR), y 3.6 (1.4–7.4) 2.4 (1.1–6.1) 3.8 (1.5–7.6) 3.1 (1.4–7.1)
Gender, female 399 (51.0%) 411 (46.7%) 299 (46.9%) 1109 (48.2%)

Clinical
WHO Stage
I 175 (22.2%) 86 (9.8%) 62 (9.7%) 323 (14.0%)
II 94 (11.9%) 121 (13.7%) 154 (24.2%) 369 (16.0%)
III 340 (43.1%) 540 (61.4%) 277 (43.5%) 1157 (50.2%)
IV 180 (22.8%) 132 (15.0%) 137 (21.5%) 449 (19.5%)
Missing 0 (0.0%) 1 (0.1%) 7 (1.1%) 8 (0.3%)

Immunosuppression
None 50 (7.8%) 76 (8.6%) 49 (6.2%) 175 (7.6%)
Mild 74 (11.6%) 61 (6.9%) 79 (10.0%) 214 (9.3%)
Advanced 114 (17.9%) 122 (13.9%) 171 (21.7%) 407 (17.6%)
Severe 389 (61.1%) 595 (67.6%) 486 (61.6%) 1470 (63.7%)
Missing 10 (1.6%) 26 (3.0%) 4 (0.5%) 40 (1.7%)

CD4 Values
Age ,5 y: CD4%, median (IQR) 15 (11–20) 15 (10–19) 14 (10–18) 15 (10–19)
Age $5 y: CD4 cell count,

median (IQR)
255 (111–351) 235 (113–429) 264 (108–416) 253 (111–398)

Nutritional status
Normal 399 (50.6%) 639 (72.6%) 387 (60.7%) 1425 (61.8%)
Mild malnutrition 159 (20.2%) 48 (5.5%) 107 (16.8%) 314 (13.6%)
Moderate malnutrition 140 (17.7%) 74 (8.4%) 75 (11.8%) 289 (12.5%)
Severe malnutrition 71 (9.0%) 36 (4.1%) 47 (7.4%) 154 (6.7%)
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pneumonia was routine for all HIV-
exposed and infected children ,5
years at each site. In Malawi, all HIV-
infected children ,15 years were eligi-
ble for cotrimoxazole preventive therapy,
whereas in Swaziland and Lesotho,
children. 5 years were eligible if their
CD4 was below 350.21–23

Study Design

Thiswasaretrospective cohort study for
the time period October 2004 through
October 2009. Patients were eligible for
inclusion in the study if they were HIV-
infected and ART was initiated before
age 12 years. The cutoff age of 12 years
was selected for inclusion to facilitate
comparison with other study cohorts.

Routinely collected patient data stored in
astandardizedelectronicmedicalrecord
system in place at each site including
past medical and social histories, WHO
staging, laboratory results, medication
history, and other clinical parameters in-
cluding anthropomorphic measurements

and nutritional assessments were used.
Unique patient identifiers are used in
the electronicmedical record database
to protect patient confidentiality.

Ethics approvals were obtained from
the national review boards in Malawi,
Lesotho, and Swaziland and also from
the institutional review board at Baylor
College of Medicine, Houston, Texas.

Statistical Analyses

SPSS version 18 (SPSS, Chicago, IL) was
used for data analysis. The demographic
and clinical features were described for
the entire cohort and stratified by site

using frequencies for categorical vari-
ables and medians and interquartile
ranges (IQRs) for continuous variables
(all non-Gaussian). Immune status
classifications at baseline were done
according to CD4 percentages for
children,5 years and by absolute CD4
counts in children $5 years in accor-
dance with WHO guidelines.24 For the
purpose of this study, immune status
improvement was defined as an im-
provement from baseline (ART initiation)
in CD4% of .5 percentage points for
children ,5 years or absolute CD4 cell
count.50 cells/mL for children 5 to 12
years. CD4 counts were measured as

TABLE 2 Degree of Immunosuppression at ART Initiation by Age

Age Immunosuppressiona

None Mild Advanced Severe

,12 mo (n = 407) 14 (3.4%) 15 (3.7%) 40 (9.8%) 338 (83.0%)
12 to ,36 mo; (n = 679) 21 (3.1%) 25 (3.7%) 72 (10.6%) 561 (82.6%)
36 to ,60 mo; (n = 328) 14 (4.3%) 27 (8.2%) 59 (18.0%) 228 (69.5%)
$60 mo; (n = 852) 126 (14.8%) 147 (17.3%) 236 (27.7%) 343 (40.3%)
Total (N = 2266) 175 (7.7%) 214 (9.4%) 407 (18.0%) 1470 (64.9%)
a Per WHO 2006 guidelines.

FIGURE 1
Kaplan-Meier mortality curve for all study participants.
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part of routine care; therefore, the lab-
oratory values closest in time to 12
months after ART initiation were used.
Children who died before 12 months on
ARTwere excluded from the analysis for
lack of a second CD4 data point.

Mortality rates were estimated for the
entire study period (October 2004–
October 2009) and for the first 12months
from ART initiation; patients lost to
follow-up (LTFU) were assumed to be
alive in the data analysis. Hazard ratios
(HRs) and 95% confidence intervals (CIs)
were used to estimate the unadjusted
and adjusted (using Cox proportional
hazards models) associations between
overall mortality and each demographic
and clinical subgroup. Follow-up time
for each patient was calculated from the
date of ART initiation to the date of file
closure (death, transfer out, LTFU) or the
last clinic visit before October 31, 2009.
Differences in overall survival probability
curves were displayed by using Kaplan-
Meier plots forage andWHOclinical stage
at ART initiation. Odds ratios and 95% CIs
were used to estimate the unadjusted
and adjusted (using logistic regression)
association between the baseline fea-
tures and immune status improvement
within the first 12 months of ART initi-
ation. For comparison with rates from
other studies, mortality incidence rates
and 95% CIs per 100 person-years were
estimated under a Poisson distribution.

RESULTS

Included in the study were 2306 HIV-
infected infants and children. The me-
dian age at ART initiation was 3.1 (IQR
1.4–7.1) years, and median follow-up
time on ART was 2.3 (IQR 1.5–3.1)
years. At ART initiation, 69.7% of chil-
dren had advanced HIV disease (WHO
stage III or IV), 81.3% had advanced or
severe immunosuppression, and 32.8%
hadsomedegreeofmalnutrition (Table 1).
There was a consistent trend of higher
rates of baseline immunosuppression
in younger patients (Table 2).

Mortality

As of October 2009, 104 (4.5%) patients
died, 208 (9.0%)were LTFU, and 30 (1.3%)
discontinued ART before the end of the
study period. The combined mortality
rate was 2.25 deaths/100 person-years
(95% CI 1.84–2.71). Of the 104 deaths,
81 (77.9%) occurredwithin a year of ART
initiation, with a 12-monthmortality rate
of 3.5% (Fig 1). Of the 81 patients who
died in the first 12 months, 35 (43.2%)
were,1 year of age at ART initiation.

Mortality was strongly related to age at
ART initiation (Table 3 and Fig 2). One
hundred nineteen children initiated ART
at ,6 months of age, of whom 15.1%
died within 12 months, compared with

5.7% of patients aged 6 to,12 months,
3.6% of patients aged 12 to,36 months,
and 1.8% of patients $36 months. WHO
stage at ART initiation was associated
with mortality, although despite adjust-
ing for age, stage II patients had the
lowest mortality of all WHO stages (Table
3 and Fig 3).

Unadjusted HRs demonstrated an in-
creased risk ofmortality associatedwith
age #36 months at ART initiation, mod-
erate and severe malnutrition, perinatal
exposure to PMTCT antiretroviral pro-
phylaxis, and WHO stage IV. In the multi-
variate analysis, age #36 months and
WHO stage IV remained as statistically
significant variables (Table 3).

TABLE 3 Sociodemographic and Clinical Factors Associated With Mortality

Baseline Characteristics Total
N = 2306

Died
n = 104,
n (%)

Unadjusted
Mortality:
HR (95% CI)

Adjusted Mortality:
HR (95% CI)a

Country
Swaziland 637 23 (3.6%) Reference
Malawi 880 42 (4.8%) 1.25 (0.75–2.08)
Lesotho 789 39 (4.9%) 1.29 (0.77–2.17)

Gender
Male 1191 54 (4.5%) Reference
Female 1109 50 (4.5%) 1.02 (0.69–1.49)
Missing 6 0 (0.0%)

Age at ART initiation
,6 mo 119 20(16.8%) 8.78 (4.94–15.59) 8.11 (4.51–14.58)
6 to ,12 mo 299 22 (7.4%) 3.73 (2.13–6.53) 3.43 (1.96–6.02)
12 to ,36 mo 699 34 (4.9%) 2.22 (1.34–3.66) 1.92 (1.16–3.19)
$36 mo 1189 28 (2.4%) Reference Reference

PMTCT
No PMTCT 1422 50 (3.5%) Reference
PMTCT 329 25 (7.6%) 2.44 (1.51–3.96)
Missing 555 29 (5.2%)

WHO stage at ART initiation
I 323 10 (3.1%) Reference Reference
II 369 5 (1.4%) 0.40 (0.14–1.16) 0.64 (0.22–1.90)
III 1157 40 (3.5%) 0.98 (0.49–1.95) 1.43 (0.70–2.90)
IV 449 48(10.7%) 3.41 (1.72–6.75) 4.35 (2.19–8.67)
Missing 8 1 (12.5%)

Immunosuppression at ART initiation
None 175 5 (2.9%) Reference
Mild 214 7 (3.3%) 1.11 (0.35–3.49)
Advanced 407 9 (2.2%) 0.79 (0.27–2.37)
Severe 1470 73 (5.0%) 1.74 (0.70–4.31)
Missing 40 10 (25.0%)

Nutritional status at ART initiation
Normal 1425 41 (2.9%) Reference
Mild malnutrition 314 11 (3.5%) 1.20 (0.62–2.34)
Moderate malnutrition 289 16 (5.5%) 2.04 (1.15–3.64)
Severe malnutrition 154 25(16.2%) 7.14 (4.34–11.77)
Missing data 124 11 (8.9%)

a Adjusted for age at ART initiation and WHO stage at entry. Immune status and nutritional status were excluded from the
model because they were collinear with WHO stage.
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Immune Status Improvement

The efficacy of ART as determined by im-
mune status improvementwas calculated
for1687patientsfromthe3sites(Malawi=
555; Lesotho = 648; Swaziland = 484) who
hadatleast2CD4cellcounts; thefirstnear
the time of ART initiation and the second
after ∼12 months on ART (range 5–18
months, median = 12 months); 90.5% of
these patients experienced an improve-
ment in immunestatus fromART initiation,
with patients from Swaziland more likely
to have improvement than those from
Lesotho or Malawi (Table 4). Children,5
years exhibited a mean CD4% increase of
16.6% (SD9.0%), and thoseaged$5 years
had a mean absolute CD4 cell count in-
crease of 399.9 cells/mL (SD 313.0). In the
multivariate analysis, factors associated
with less immune status improvement
were being enrolled in Lesotho or Malawi,
age,12 months, and WHO stage IV.

DISCUSSION

This study presents data from a large,
multicountry pediatric ART cohort. The
study was retrospective in methodology
usingdata fromroutinepatient care. The
operational nature of the information
reflects on-the-ground conditions mak-
ing the findings more applicable and
facilitating comparisons to other pro-
grams in our setting.

The overall and 12-month mortality rates
from our study (4.5% and 3.5%, re-
spectively) aresimilar to the International
EpidemiologicDatabases toEvaluateAIDS
in Southern Africa (IeDEA-SA) cohort for
childrenremainingincare(4.8%and4.5%
respectively).7 The IeDEA-SA cohort which
included 10 ART programs (7 in South
Africa, and 1 each in Malawi, Mozambi-
que, and Zimbabwe), had older patients
(,16 vs,12 years), a highermedianage

at ART initiation (49 vs 37 months), and
shorter duration of follow-up (17.3 vs 27.6
months). Despite our cohort including
younger patients, with longer periods of
follow-up on ART, no large difference in
mortality was observed. A second IeDEA-
SA study of South African children only
reported a 3-yearmortality rate of 7.7%
and can be used as a benchmark for fu-
ture analysis of our cohort.25 Like both
IeDEA-SA studies,we found youngage and
advanced clinical stage at ART initiation to
be associatedwith highermortality rates.

We also determined an overall mortality
rate forourcohort of 2.25deathsper100
person-years (95% CI, 1.84–2.71). This is
lower than reported rates from another
regional pediatric cohort from Kenya
between August 2004 and November
2008 which had a mortality rate of 8.4
deaths/100 person-years (95% CI 5.21–
12.68).8 ThisKenyancohortwasolderatART

FIGURE 2
Kaplan-Meiermortality curve forageat initiationof ART. Log-rank test (forequality of survival distributions overdifferentagecategorizations):P, .0001. HAART,
highly active ART.
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initiation (4.9 vs 3.1 years), and the
authors did not report age-specific
mortality.

This study’s lower mortality rates com-
paredwith these other regional cohorts
may relate to BIPAI’s capacity to deliver
integrated, single-site comprehensive
HIV care (ie, treatment of opportunistic
infections, malaria, malnutrition, and
referral for or treatment on site of tu-
berculosis). The concentration of finan-
cial, physical, and human resources,
including pediatricians, in the BIPAI
clinics is currently not feasible at most
government ART sites. However, the
BIPAI clinics also serve as referral cen-
ters within host countries for compli-
cated and severe cases including

children failing ART and those with
Kaposi sarcoma, and this could poten-
tially skew mortality rates higher.

Patients LTFU are an important consid-
eration when discussing mortality be-
cause a certain percentage of these
patients are customarily assumed to
have died.26 LTFU patients were not in-
cluded in our mortality calculations or
in the comparison studies cited earlier.
We had an 8.2% LTFU rate at 12 months
after ART initiation and an overall LTFU
rate of 9.0% over the entire study pe-
riod. These are similar to LTFU rates
reported in other cohorts of pediatric
HIV patients in the region (8.4%–
11.5%).7,27,28 If our reported 4.5% mor-
tality is adjusted to assume that 50% of

those LTFU had actually died, then our
overall mortality would be 9.0%. This
corrected mortality rate is similar to
a family clinic model of care in South
Africa with 0% LTFU and mortality of
9%.9 Both this pediatric cohort and the
family-centered cohort demonstrate
a better mortality rate than other re-
gional pediatric cohorts with reported
mortality of 8.6% to 13%, which did not
account for LTFU.10,11,14,27

When compared with developed nations,
our mortality rate on ART of 2.25 deaths
per 100 person-years (95% CI 1.84–2.71)
is higher than overall mortality rates
reported for HIV-infected children in the
United States through the Pediatric AIDS
Clinical Trials Group (PATCG).6 PATCG

FIGURE 3
Kaplan-Meier curve for baseline WHO clinical staging and mortality adjusting for age at ART initiation. Log-rank test (for equality of survival distributions over
different WHO stages): P , .0001.
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219/219C cited a mortality rate of 1.47
deaths per 100 person-years (95% CI
1.31–1.65) for children between April
1993 and December 2006 and an even
lower mortality rate of 0.5 to 0.8 deaths
per 100 person-years between 2000 and
2006 in the post-ART era.6 Direct com-
parisons are difficult because of the
many variables that contribute to higher
mortality in the developingworld, butwe
are encouraged that our overall rates
are approaching those reported from
the United States and hope that we will
see a similar trend toward lower, sta-
bilized mortality rates in sub-Saharan
Africa as national ART programsmature.

In our study, mortality was highest in the
first year of ART, with 78% of all deaths
occurring within that period, with de-
creasing mortality after 1 year on ART.
Thishasbeenreportedpreviously inboth
adult and pediatric populations.8,11,15,29,30

The advanced immunosuppression and
clinical disease often associated with
earlymortality on ARTreinforce the need
for programmatic emphasis on earlier
diagnosis, enrollment in care, and initi-
ation of ART.

The higher mortality observed in our
cohort among patients aged,1 year at
ART initiation is not surprising because
almost all infants in this group were
enrolled before implementation of the
WHO guidelines for the universal
treatment of infants in late 2008 into
2009 at our sites. Ample evidence now
shows that infants are at risk for rapid
disease progression, CD4 counts and
WHO staging are poorly predictive of
outcomes, and delaying ART initiation
until infants have advanced clinical
disease or immunosuppression to ini-
tiate ART results in higher mortality
rates.2,15,17 More than 90% of the

infants in our study had advanced or
severe immune suppression at ART
initiation. Infants aged ,12 months
were also less likely to have improve-
ment in immunologic status, which
likely contributed to higher mortality.

Due to standard infant diagnostic pro-
tocols in the study countries, virologic
testing is performed no earlier than 6
weeks of life, and thus the exact timing
of infection in HIV-infected infants is not
known. Infants with perinatal infection
are at higher risk for early mortality
than those infected later through
breastfeeding.31 Late identification of
perinatally infected infants likely also
contributed to higher mortality in
patients aged ,12 months and con-
trasts with developed settings, where
virologic testing of exposed infants begins
at birth.

We also found that exposure to perinatal
antiretrovirals for the purpose of PMTCT
was associated with increased risk of
mortality after ART initiation. Details of
mortality by specific antiretroviral pro-
phylaxis received are not available, but
all 3 countries’ PMTCT regimens during
the study period included single-dose
nevirapine for infants.22,32–34 Relatively
small studies have documented the risk
of development of nonnucleoside re-
verse transcriptase inhibitor (NNRTI)
resistance after failed single-dose
nevirapine prophylaxis in HIV-infected
infants, and a recent IeDEA-SA study
demonstrated an increased probability
of virologic failure after exposure to
PMTCT regimens.35–38 During the time of
this study, Malawi and Swaziland
used an NNRTI-based first-line ART regi-
men for all infants and children re-
gardless of PMTCT exposure, whereas,
starting in 2008, Lesotho implemented
a policy of using a protease inhibitor-
based regimen for childrenwith a history
of maternal or infant NNRTI exposure.
Given the retrospective design of
the study and lack of resistance test-
ing, causality cannot be determined, but

TABLE 4 Immune Status Improvement at 12 Months (N = 1687)

Immune Status Improvement

n Improved n (%),
n = 1526

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)a

Country
Swaziland 484 452 (93.4%) Reference Reference
Malawi 555 496 (89.4%) 0.60 (0.38–0.93) 0.61 (0.38–0.96)
Lesotho 648 578 (89.2%) 0.59 (0.38–0.90) 0.59 (0.38–0.92)

Gender
Male 882 800 (90.7%) Reference
Female 799 720 (90.1%) 0.93 (0.68–1.29)
Missing 6 6 (100.0%)

Age
,6 mo 66 52 (78.8%) 0.36 (0.19–0.68) 0.34 (0.17–0.65)
6 to ,12 mo 193 165 (85.5%) 0.58 (0.36–0.91) 0.58 (0.37–0.93)
12 to ,36 mo 505 468 (92.7%) 1.23 (0.82–1.85) 1.26 (0.83–1.89)
$36 mo 923 841 (91.1%) Reference Reference

PMTCT
No PMTCT 1086 995 (91.6%) Reference
PMTCT 209 182 (87.1%) 0.62 (0.39–0.97)
Missing 392 349 (89.0%)

WHO stage
I 227 210 (92.5%) Reference Reference
II 282 257 (91.1%) 0.83 (0.44–1.58) 0.59 (0.30–1.15)
III 872 791 (90.7%) 0.79 (0.46–1.36) 0.62 (0.35–1.10)
IV 306 268 (87.6%) 0.57 (0.31–1.04) 0.46 (0.25–0.85)

Nutritional status at ART initiation
Normal 1076 981 (91.2%) Reference
Mild malnutrition 260 236 (90.8%) 0.95 (0.60–1.52)
Moderate malnutrition 210 187 (89.0%) 0.79 (0.49–1.27)
Severe malnutrition 97 88 (90.7%) 0.95 (0.46–1.94)
Missing 44 34 (77.3%)

OR, odds ratio.
a Adjusted for country, age, and WHO stage. Patients who died in the first 12 mo on ART excluded.
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possible development of NNRTI resistance
should be considered. If resistance did
develop, these infants would be at high
risk for first-line ART failure and early
mortality if they received an NNRTI-based
first-line regimen.

Improvements in CD4 values were
used as a proxy for ART efficacy as is
commonly done in this setting where
routine viral load testing is not pos-
sible.39,40 For children who survived
at least 12 months on ART, there
was good immunologic response to
treatment with 90.5% of patients sur-
passing our definition for significant
increase in absolute or percent CD4
with ART. It is not clear why patients
from Malawi and Lesotho were less
likely to experience immune recovery
than those from Swaziland.

CONCLUSIONS

This study of a large cohort of HIV-
infected children on ART at the BIPAI
clinics inMalawi, Lesotho, and Swaziland
adds to the growing body of literature
demonstrating that infants and children
in sub-Saharan Africa can achieve good
treatment outcomes and low mortality
rates on ART. Despite the challenges as-
sociatedwith the public health approach
to implementation of comprehensive
pediatric HIV care in developing coun-
tries, additional resources need to be
directed toward children who are still
underrepresented in many national ART
programs in the region. Continued re-
search to track long-term outcomes and
mortality in children on ART should be
a priority as care systems and patients
mature, with continued focus on early

identification and treatment of high-risk
infants.
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