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BY THE END OF 2006, AN ESTI-
mated 2.3 million children
worldwide were living with hu-
man immunodeficiency virus

type 1 (HIV-1).1 Although most chil-
dren acquire the virus through largely
preventable mother-to-child transmis-
sion, roll-out of perinatal HIV preven-
tion services has been sluggish world-
wide. As a result, each day more than
1000 children become newly in-
fected.2 Without treatment, approxi-
mately half will die by their second
birthday3; however, lives can be ex-
tended and morbidity avoided with
combination antiretroviral therapy
(ART).

In Zambia, recent progress has been
made toward reducing new pediatric in-

fections through aggressive scale-up of
perinatal HIV prevention services.4 De-
spite these efforts, 130 000 children are
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Context The Zambian Ministry of Health provides pediatric antiretroviral therapy (ART)
at primary care clinics in Lusaka, where, despite scale-up of perinatal prevention ef-
forts, many children are already infected with the human immunodeficiency virus (HIV).

Objective To report early clinical and immunologic outcomes of children enrolled in
the pediatric treatment program.

Design, Setting, and Patients Open cohort assessment using routinely collected
clinical and outcome data from an electronic medical record system in use at 18 gov-
ernment primary health facilities in Lusaka, Zambia. Care was provided primarily by
nurses and clinical officers (“physician extenders” akin to physician assistants in the
United States). Patients were children (�16 years of age) presenting for HIV care be-
tween May 1, 2004, and June 29, 2007.

Intervention Three-drug ART (zidovudine or stavudine plus lamivudine plus nevira-
pine or efavirenz) for children who met national treatment criteria.

Main Outcome Measures Survival, weight gain, CD4 cell count, and hemoglobin
response.

Results After enrollment of 4975 children into HIV care, 2938 (59.1%) started ART.
Of those initiating ART, the median age was 81 months (interquartile range, 36-125),
1531 (52.1%) were female, and 2087 (72.4%) with World Health Organization stage
information were in stage III or IV. At the time of analysis, 158 children (5.4%) had with-
drawn from care and 382 (13.0%) were at least 30 days late for follow-up. Of the re-
maining 2398 children receiving ART, 198 (8.3%) died over 3018 child-years of fol-
low-up (mortality rate, 6.6 deaths per 100 child-years; 95% confidence interval [CI], 5.7-
7.5); of these deaths, 112 (56.6%) occurred within 90 days of therapy initiation (early
mortality rate, 17.4/100 child-years; post–90-day mortality rate, 2.9/100 child-years).
Mortality was associated with CD4 cell depletion, lower weight-for-age, younger age,
and anemia in multivariate analysis. The mean CD4 cell percentage at ART initiation among
the 1561 children who had at least 1 repeat measurement was 12.9% (95% CI, 12.5%-
13.3%) and increased to 23.7% (95% CI, 23.1%-24.3%) at 6 months, 27.0% (95%
CI, 26.3%-27.6%) at 12 months, 28.0% (95% CI, 27.2%-28.8%) at 18 months, and
28.4% (95% CI, 27.4%-29.4%) at 24 months.

Conclusions Care provided by clinicians such as nurses and clinical officers can re-
sult in good outcomes for HIV-infected children in primary health care settings in sub-
Saharan Africa. Mortality during the first 90 days of therapy is high, pointing to a need
for earlier intervention.
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believed to be already infected, and
25 000 to 30 000 are in urgent need of
ART.5 During May of 2004, with finan-
cial resources from the US President’s
Emergency Plan for AIDS Relief
(PEPFAR),6 the Global Fund to Fight
AIDS, Tuberculosis and Malaria,7 and
other sources, the Zambian Ministry of
Health initiated an ART program at pri-
mary care sites within the Lusaka Ur-
ban Health District.8 A stated priority
of this program has been the inclusion
of children. This report describes our
early clinical experience treating HIV-
infected children in primary health clin-
ics where pediatric specialty expertise
is generally not available.

METHODS
The pediatric treatment program be-
gan in May 2004 and operates in 18 of
the Lusaka District’s 27 primary care fa-
cilities. Physicians are scarce9—the en-
tire district shares a single pediatri-
cian—but the nearby University
Teaching Hospital is well staffed and
acts as a referral and training center. We
therefore developed pediatric-specific
clinical care protocols and training
plans that focus on nonphysician cli-
nicians (nurses and clinical officers).

Clinical officers provided the pre-
ponderance of care to children in this
cohort. Clinical officers are “physi-
cian extenders” akin to physician as-
sistants in the United States. They have
3 years of training beyond grade 12.
Their training is clinical and practical
and is focused on the primary care of
adults and children. In Zambia, clini-
cal officers are allowed to prescribe most
medications (excluding narcotics and
other controlled substances). As a
health care workforce cadre, they are
critical in the region because they can
be trained relatively quickly (physi-
cians require a minimum of 7 years),
and their degrees are not generally por-
table; ie, they are less likely than phy-
sicians and nurses to emigrate to areas
having better working conditions in
more affluent countries. The use of
clinical officers and nurses to provide
ART in primary care settings is an ex-
ample of “task shifting,” a concept that

has become increasingly important to
policy makers who seek to further ex-
tend the reach of HIV services in the
face of a severe human resources cri-
sis. In February 2007, the World Health
Organization (WHO) and Office of the
Global AIDS Coordinator (part of
PEPFAR) convened a meeting10 to dis-
cuss task shifting, in which the idea was
endorsed and a call was issued for care-
ful evaluation of its effectiveness and
acceptability.

Children are referred to the pro-
gram primarily from the outpatient de-
partment or maternal-child health clin-
ics, although referrals from other sites
and services do occur. We require docu-
mented seropositivity for enrollment.
Children younger than 18 months may
enroll with confirmation of positive ma-
ternal HIV serostatus.

The initial assessment includes a
pediatric history and physical exami-
nation as well as determination of
clinical disease stage by WHO crite-
ria.11,12 Hematology, chemistry, and
CD4 cell studies (absolute count and
percentage of lymphocytes) are per-
formed at baseline and monitored
every 6 months or when clinically
indicated. We were not able to distin-
guish between scheduled and clini-
cally indicated CD4 cell measurements
in this analysis, but the exact number
of values is indicated herein. Our flow
cytometers report both absolute CD4
cell count and CD4 cell percentage of
lymphocytes on a given sample. How-
ever, WHO and also Zambian national
guidelines13 advise that clinicians use
CD4 cell percentage for assessment of
children younger than 60 months and
absolute CD4 cell count for children
60 months or older.

In accordance with new WHO
guidelines, we modified our staging
criteria and ART eligibility criteria in
August 2006.11 This raised threshold
CD4 cell percentage levels for severe
immunodeficiency to less than 25%
for infants 11 months or younger, less
than 20% for children aged 12 to 35
months, and less than 15% for chil-
dren 3 years or older. Children in this
report thus started ART based on the

guidelines that were operant at the
time of enrollment.11,12 Because viro-
logic testing has only recently become
available in public-sector clinics, HIV-
exposed children younger than 18
months who meet clinical criteria,
immunologic criteria, or both were
treated presumptively, as recom-
mended by the WHO11 (ie, HIV-1
antibody–positive, plus clinical signs
of advanced immunosuppression).

After treatment initiation, patients are
seen weekly for the first 4 weeks and
then monthly. At each visit, a nurse or
pharmacy technician performs an
adherence assessment using 3-day pill
recall and open-ended questioning.
Those who need additional counsel-
ing, education, or assistance receive it,
including an option of home visits by
community health workers. These ad-
herence counseling sessions are also
used to provide support and educa-
tion regarding drug adverse effects and
toxicities. Specific reasons for regi-
men changes are not captured in our
electronic database. Clinicians un-
dergo initial and ongoing training in
recognition and management of drug
toxicities. Protocols are in place to man-
age suspected toxicities. Other than a
drug stockout, which has not hap-
pened in our pediatric drug supply,
there are no other reasons for single-
drug substitutions. Thus, we can rea-
sonably assume that any such regi-
men change is made on the basis of drug
intolerance or toxicity.

Weight-for-age is plotted against
WHO growth charts for children
younger than 5 years and against US
Centers for Disease Control and Pre-
vention charts for children 5 years or
older, because WHO charts are not
available for older children.14,15 All
exposed infants are prescribed cotri-
moxazole prophylaxis from 6 weeks of
age. Older children are prescribed
cotrimoxazole at the initial visit but
continue the drug at subsequent visits
only if ART eligibility criteria are
met.16 Cotrimoxazole is discontinued
once CD4 cell counts are maintained
above threshold levels (the same age-
specific levels as are used for treatment
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