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Abstract
Objectives—To describe the pattern of incident illness in children after initiation of
antiretroviral therapy (ART) in a large public health sector in Lusaka, Zambia.

Methods—A systematic review was performed to extract data from medical records of children
(i.e., under 16 years) initiating ART in the Lusaka, Zambia HIV care and treatment program.
Incident conditions were listed separately and then grouped according to broad categories.
Predictors for incident diagnoses were determined using univariate and multivariable analysis.

Results—Between May 2004 and July 2006, 1,940 HIV-infected children initiated ART. Of
these, 1,391 (71.1%) had their medical records reviewed. Median age at ART initiation was 77
months and 631 (45.4%) were females. 859 (62%) children had an incident condition during this
period, with a median time of occurrence of 63 days from ART initiation. 28 different incident
conditions were documented. When categorized, the most common were mucocutaneous
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conditions (incidence rate [IR]: 101.1 per 100 child-years, 95%CI: 92.3-110.5) and upper
respiratory tract infection (IR: 100.6 per 100 child-years; 95% CI 91.9-110.0). Children with
severe immunosuppression (i.e., CD4 < 10%) were more likely to develop lower respiratory tract
infection (15.4% vs. 8.4%; p = 0.0002), mucocutaneous conditions (41.3% vs. 29.5%; p < 0.0001)
and gastrointestinal conditions (19.8% vs. 14.5%; p = 0.02), when compared to those with CD4 ≥
10%.

Conclusion—There is a high incidence of new illness following ART initiation, emphasizing the
importance of close monitoring during this period.

Introduction
At the start of 2008, an estimated two million children were living with HIV worldwide
(Joint United Nations Programme on HIV/AIDS, 2008) In North America and Europe,
where antiretroviral therapy (ART) has been available for decades, significant improvements
in survival have been achieved (Walker et al., 2002, Viani et al., 2004). Where services for
HIV care and treatment are accessible, similar trends have been observed in parts of sub-
Saharan Africa (KIDS-ART-LINC Collaboration, 2008). In Lusaka, Zambia, for example,
scale-up of a large public sector HIV treatment program has resulted in early but significant
improvements in CD4 cell counts, weight-for-age, and hemoglobin concentrations among
children on ART (Bolton-Moore et al., 2007). In South Africa, investigators observed rates
of high survival at 24 months of follow-up among children on ART (Jaspan et al., 2008).
Similar health improvements have been noted elsewhere in Cote d'Ivoire, Uganda, and
Kenya (Adje-Toure et al., 2008, Kekitiinwa et al., 2008, Wamalwa et al., 2007). These
clinical outcomes likely do not derive solely from provision of antiretroviral drugs, but also
from adjunct interventions such as cotrimoxazole prophylaxis (Mulenga et al., 2007, Chintu
et al., 2004) and improvements in healthcare access and delivery.

Despite the benefits of ART, HIV-infected children remain at risk for many common
illnesses. In a study of 67 Kenyan children with advanced HIV disease (median CD4%:
5.8%), 58% were hospitalized within the first six months of ART initiation due to causes
such as pneumonia, pulmonary tuberculosis, diarrhea, and failure to thrive (Wamalwa et al.,
2007). Among 192 Thailand children with comparable disease status (mean CD4%: 5.2%),
approximately 30% were hospitalized within the first 24 weeks of ART initiation, most
commonly for pneumonia and bacterial infections (Puthanakit et al., 2007). The high
frequency of these events in the first 6 months – followed by considerably lower rates
following that window – suggests that immune reconstitution inflammatory syndrome
contributes to some degree, likely manifesting in a number of mild or serious conditions
(Nacher et al., 2007, Walters et al., 2008, Zampoli et al., 2007). We performed a medical
record review of HIV-infected children enrolled into long-term HIV care and treatment to
better understand causes of morbidity following ART initiation in Lusaka, Zambia.

Patients and Methods
This study was conducted across 13 public sector clinics providing HIV care and treatment
in Lusaka, supported by the Zambian Ministry of Health and the U.S. Centers for Disease
Control and Prevention. Details of clinical care and follow up have been described
elsewhere (Bolton-Moore et al., 2007). Briefly, we enrolled children with known or
suspected HIV infection into long-term care. Initial evaluation included a World Health
Organization (WHO) clinical staging and laboratory determination of CD4+ cell count and
percentage, hemoglobin, and aspartate aminotransferase or alanine aminotransferase.
Children started ART based on the severity of disease as determined by the WHO clinical
stage and the CD4+ cell percentage (World Health Organization, 2006). First-line ART

Mubiana-Mbewe et al. Page 2

Trop Med Int Health. Author manuscript; available in PMC 2014 January 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



comprised a nucleoside reverse transcriptase inhibitor backbone of zidovudine or stavudine
with lamivudine, and a non-nucleoside reverse transcriptase inhibitor (nevirapine or
efavirenz). Antiretroviral drugs were provided free-of-charge by the Zambian government.

Children included in this analysis cohort were under 16 years of age at time of enrollment
and initiated ART between May 13, 2004 to June 5, 2006. A team of trained health workers
performed a systematic chart review using a standardized data collection tool. Data on new
conditions were documented throughout each patient's clinical course following ART
initation; where a definitive diagnosis was not made, signs or symptoms were recorded. Data
from the chart extraction were linked to an electronic medical record used for programmatic
monitoring (Fusco et al., 2005), allowing us to describe basic demographic and medical
characteristics of the cohort and determine incident diagnoses. Most diagnoses were based
on clinical suspicion alone. Nearly all patient care was provided by clinical officers
(equivalent to physician assistants in the United States and Europe), which is typical in our
setting. Task-shifting in this manner has facilitated the provision of HIV care despite an
extreme shortage of health workers (Morris et al., 2009).

For each identified condition, we calculated an incidence rate per 100 child-years with 95%
exact Poisson confidence intervals (CI). Children contributed person-time until first
diagnosis, at which point they were censored for that specific condition. The same child,
however, could continue to contribute person-time for other conditions. Diagnoses were
listed separately and then grouped according to broader categories. To better understand the
disease burden among different age ranges, we stratified the analysis based on three groups:
< 18 months, 18 to 59 months, and ≥ 60 months of age. We performed univariate analysis to
determine predictors for any incident diagnosis, including immunosuppression at ART
enrollment. Categorical values were compared using Pearson's Chi-squared test; continuous
variables were compared using Student's t-test and Wilcoxon Rank Sum test. We also
performed multivariable analysis using logistic regression, adjusting for potential
confounders such as disease status. Analysis was performed on SAS version 9.1 (Cary, NC,
USA). Use of this programmatic data was approved by the University of Zambia Research
Ethics Committee (Lusaka, Zambia) and the University of Alabama at Birmingham
Institutional Review Board (Birmingham, AL, USA).

Results
From May 13, 2004 to June 5, 2006, 1,940 HIV-infected children (i.e., under 16 years) were
enrolled and initiated ART across the 13 targeted facilities. Of these, 1,391 (71.1%) had
their charts reviewed and extracted by the study team. The median age at ART initiation was
77 months (interquartile range [IQR]: 40-118): 113 (8%) were less than 18 months, 425
(31%) were 18 to 59 months, and 853 (61%) were 60 months or older. Age distribution of
the analysis cohort is shown in Figure 1. The characteristics of the cohort – by age group
and overall – are shown in Table 1.

The 1,391 children included in this analysis contributed a total of 2423 child-years. 859
(62%) developed an incident diagnosis and were subsequently censored at a median time of
63 (IQR: 29, 152) days from time of ART initiation. In univariate analysis, few
characteristics appeared predictive of a documented incident condition. Children in the two
older age categories (i.e. 18 months to < 60 months; ≥ 60 months) with an incident diagnosis
were more likely to have lower CD4+ cell percentages at time of enrollment. Under 18
months, CD4% did not predict incident diagnoses and there was an overall greater
percentage of incident diagnoses in this age group in CD4%>10% as compared to older
children. Children in the 18 to < 60 months age range with incident diagnoses tended to have
more advanced clinical disease when compared to those without such conditions (WHO
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stage III or IV, 80.5% vs. 72.6%; p = 0.06). Similar associations were not observed in the
other age categories. In a multivariable model, lower CD4% and higher WHO stage at
baseline were associated with higher risk for developing an incident condition. Low weight-
for-age Z-scores appeared protective against developing an incident diagnosis. No
associations were observed with age, sex, or enrollment hemoglobin (Table 3).

Overall, 28 different diagnoses or conditions were documented in the medical records
(Figure 2). We categorized these into six categories: upper respiratory tract infection (upper
respiratory infection, cough, otitis media), lower respiratory tract infection (bacterial
pneumonia, pulmonary tuberculosis, pneumocystis pneumonia), mucocutaneous conditions
(rash, seborrheic dermatitis, superficial fungal infection, conjunctivitis, oral candidiasis,
herpetic lesion, oral lesion/ulceration, human papilloma virus), malaria, gastrointestinal
conditions (diarrhea, vomiting, abdominal pain, intestinal helminthiasis), and other
(unexplained fever, edema, parotid enlargement, hepatosplenomegaly, neuropathy, central
nervous system infection, nephropathy, malignancy [including Kaposi's sarcoma],
encephalopathy). Due to the limitations inherent to our data, we were unable to further
categorize these conditions according to suspected etiology.

Of these categories, most common were mucocutaneous conditions (incidence rate [IR]:
101.1 per 100 child-years, 95%CI: 92.3-110.5) and upper respiratory tract infection (IR:
100.6 per 100 child-years; 95%CI: 91.9-110.0). This was followed by gastrointestinal
conditions, lower respiratory tract infections, and malaria. Median time from ART initiation
to incident diagnosis for each category was between 74 to 125 days (Table 3). Children with
severe immunosuppression (i.e., CD4 <10%) were more likely to develop lower respiratory
tract infection (15.4% vs. 8.4%; p = 0.0002), mucocutaneous conditions (41.3% vs. 29.5%; p
< 0.0001) and gastrointestinal conditions (19.8% vs. 14.5%; p = 0.02), when compared to
those with CD4 ≥ 10%. Incidence of upper respiratory tract infection, malaria and other
conditions did not differ significantly by immune status (data not shown). In addition,
incidence rates for each category differed by age. Malaria and mucocutaneous conditions
were more common in older children, for example, while gastrointestinal conditions were
more common among those under 18 months of age. The median time from ART initation to
development of incident condition is shown in Table 4.

Discussion
Overall, 62% of children included in this analysis developed one of 28 incident conditions
over the observation period. The severity and type of incident diagnoses were quite variable.
Among children who were ≥ 18 months, lower CD4% was associated with development of
an incident condition. Children under the age of 18 months were at risk for incident
conditions across all CD4% strata.

Strengths of this analysis include its large patient population and its focus on the primary
care setting, where most children in Zambia access health services. We recognize, however,
that conditions may have been under-reported. A common practice locally is for very ill
children to be taken directly to the University Teaching Hospital, a tertiary care facility that
was not included among our targeted facilities. If events were not accurately reported to
clinic staff, then they would not be considered in this analysis. Diagnostic facilities in the
local health center may have also limited our ability to identify certain illnesses, particularly
rare and/or sub-clinical presentations. Many of our listed conditions were thus diagnosed
empirically according to algorithms from the WHO's Integrated Management of Childhood
Illness or were recorded as symptoms or signs (e.g., rash, cough, fever, abdominal pain,
edema, vomiting). Finally, since we censored patients at the time of their first incident
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diagnosis following ART initiation, we were unable to characterize subsequent diagnoses or
recurrent conditions which many times are emblematic of a weakened immune state.

While numerous studies have described the positive impact of ART on incident
opportunistic infections among children (Puthanakit et al., 2007, Ylitalo et al., 2006, Viani
et al., 2004), only a few have attempted to estimate incidence rates for specific illnesses.
Analysis of the PACTG 219C, for example, determined incidence of common illnesses
among HIV-infected children in the United States during the “HAART era.” The most
common illness diagnosed between 2001 to 2004 was bacterial pneumonia at a rate of 2.15
cases per 100 child-years (Gona et al., 2006), a finding less than one-fifth of our estimate in
Lusaka. That these results differ greatly from ours is not surprising; in fact, it was the
motivation for this study. To our knowledge, ours is the first to attempt a similar type of
analysis in sub-Saharan Africa.

These data are a valid representation of the conditions being reported in the field and
provide insight into the diagnostic and treatment challenges experienced in this setting. We
provide valuable information to program managers for purposes of resource prioritization
and allocation. Optimization of diagnostic and treatment algorithms could improve the
management of specific conditions, particularly where task-shifting is heavily utilized
(Morris et al., 2009). Targeted investments in diagnostic capacity could improve
discernability between non-specific clinical presentations and allow for prompt treatment.
Introduction of cheap, non-antiretroviral medications such as oral antihistamines and
acetaminophen could also provide a great deal of symptomatic relief with relatively low
costs. Such changes could greatly improve the clinical management of malaria, for example,
which was diagnosed at a rate over 20 per 100 person-years. Improved diagnostic modalities
such as rapid tests would improve the clinical certainty of this frequently diagnosed
condition among HIV-infected children (Bebell et al., 2007). When negative, clinicians
could further pursue other causes of undifferentiated fever, also common in this population.

We found that children starting ART were most likely to develop dermatological conditions,
particularly among those with demonstrated immunosuppression. Epidemiologic studies
have generally shown that the introduction of ART reduces the incidence of mucocuteneous
diagnoses such as herpes zoster (Levin et al., 2009, Seoane Reula et al., 2005);
unfortunately, we did not have for comparison analogous clinical data from children not on
ART. Upper respiratory illnesses were also frequently diagnosed among our study
population, at a rate over four times higher than that of lower tract infections (e.g. bacterial
pneumonia, pulmonary tuberculosis, pneumocystis pneumonia). These latter conditions are
noteworthy because they contribute significantly to the mortality in this population, as
demonstrated by a necropsy series of 264 children in Lusaka (Chintu et al., 2002). Across all
categories, a high proportion of events occurred early in the course of ART, with the median
time to event well under 6 months. Immune reconstitution inflammatory syndrome may be a
contributing factor to these illnesses, an area that requires further investigation in developing
world settings.

Similar to others (Ylitalo et al., 2006), we found that incident conditions were associated
with lower CD4 percentages at time of ART initation in our overall population. When we
stratified by age group, the association was strongest among those children ≥ 18 months of
age. Baseline CD4 percentage was not associated with increased risk for an incident
diagonsis among those under 18 months. This finding could result from the relatively small
sample size in this under 18 month category (n = 95). It could also be explained, however,
by the high risk for comorbidities associated with this age range, regardless of the baseline
CD4 percentage. Initiation of ART at higher CD4 percentages – including the WHO's
recommendation to treat all HIV-infected infants under 12 months (World Health
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Organization, 2008) – should help to reduce comorbidities within the first 12 to 18 months
of life, including immune reconstitution inflammatory syndrome. In the CHER study, for
example, HIV-infected children with CD4 ≥ 25% who immediately initiated ART had a
significant reduction in mortality when compared to those who deferred treatment until CD4
dropped below 20% (4% vs. 16%; p = 0.0002) (Violari et al., 2008).

In our analysis, we were surprised to find that children with severe malnutrition (i.e. Z-score
≤ −2) appeared to have fewer incident diagnoses. This finding could be explained by
survivor bias, since low Z score has been associated with up to a four-fold risk for mortality
in our population (Bolton-Moore et al., 2007). It is possible that children who were severely
underweight died before an incident condition could be diagnosed. Another explanation may
be the poor ascertainment of incident diagnoses among severely malnourished, HIV-infected
children, a phenomenon we have observed locally. Children in this condition may present
with few non-specific signs and symptoms despite severe illnesses.

In summary, this descriptive analysis emphasizes the importance of close monitoring
following ART initiation among children, particularly for infectious co-morbidities. The
heavy reliance of clinicians on signs and symptoms points to the need for intensified clinical
mentoring in primary care settings and greater support for diagnostic capacity. Initiation of
antimicrobial prophylaxis such as co-trimoxazole and early treatment with ART should be
implemented at the field level, given their potential to improve survival and long-term
quality of life.
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Figure 1.
Age in years at time of antiretroviral therapy initiation among children included in this
systematic chart review (May 2004-June 2006)
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Figure 2.
Overall rates for all listed incident diagnoses and conditions among children included in this
systematic chart review (May 2004-June 2006)
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Table 1

Baseline demographic and medical characteristics of 1,391 children starting antiretroviral therapy in Lusaka,
Zambia (May 2004 to June 2006)

0 to < 18 months 18 to < 60 months ≥ 60 months Overall

N=113 N=425 N=853 N=1391

n Value n Value n Value n Value

Sex, n (%)

    Female 47 41.6% 183 43.1% 401 47.0% 631 45.4%

    Male 66 58.4% 242 56.9% 452 53.0% 760 54.6%

Weight-for-age z score, mean (sd)** 103 −2.3(2.3) 412 −2.1(1.7) 804 −2.3(1.6) 1319 −2.2(1.7)

    > −1 26 25.2% 106 25.7% 159 19.8% 291 22.1%

    > –2 through –1 15 14.6% 79 19.2% 199 24.8% 293 22.2%

    > –3 through –2 22 21.4% 86 20.9% 191 23.8% 299 22.7%

    ≤−3 40 38.8% 141 34.2% 255 31.7% 436 33.1%

CD4+ cell percentage at ART initiation, mean (sd) 95 15.9(8.4) 392 14.0(8.2) 744 12.2(8.1) 1231 13.0(8.2)

    ≥20.0 24 25.3% 79 20.2% 102 13.7% 205 16.6%

    10.0% - 19.9% 50 52.6% 175 44.6% 327 44.0% 552 44.8%

    < 10.0% 21 22.1% 138 35.2% 315 42.3% 474 38.5%

Hemoglobin, mean (sd), g/dL 95 9.4(2.0) 396 9.6(2.3) 770 10.3(2.3) 1261 10.0(2.3)

    ≥ 8.0 g/dL 79 83.2% 326 82.3% 669 86.9% 1074 85.2%

    < 8.0 g/dL 16 16.8% 70 17.7% 101 13.1% 187 14.8%

WHO stage at ART initiation, n (%)

    I or II 14 12.4% 96 22.6% 248 29.2% 358 25.8%

    III or IV 99 87.6% 328 77.4% 601 70.8% 1028 74.2%
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Table 3

Predictors for developing an incident diagnosis following initiation of antiretroviral therapv

Adjusted RR (95% CI)*

Age, months 0 to < 18 1.0

18 to < 60 1.0 (0.6 - 1.7)

≥60 1.1 (0.7 - 1.8)

Sex Female 1.0

Male 1.0 (0.8 - 1.3)

Weight for age, z score > −1 1.0

−1 to > −2 0.7 (0.5 - 1.1)

−2 to > −3 0.6 (0.4 - 0.9)

≤−3 0.6 (0.4 - 0.9)

CD4+ percentage > 20% 1.0

10 - 20% 1.5 (1.0 - 2.1)

< 10% 2.2 (1.5 - 3.2)

WHO Stage I or II 1.0

III or IV 1.6 (1.2 - 2.1)

Hemoglobin ≥8 g/dL 1.0

<8 g/dL 1.0 (0.7 - 1.4)
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Table 4

Incidence rates per 100 patient years by age category

Condition 0 to < 18 months N = 113 18 - 59 months N
= 425

≥60 Months N =
853

Overall N =
1391

Days to
diagnosis,

median (IQR)

Upper respiratory tract
infection

94.8 (66.7 - 130.6) 114.9 (97.1 -
135.0)

95.5 (85.1 -
106.9)

100.6 (91.9 -
110.0)

114 (48, 242)

Lower respiratory tract
iinfection

32.4 (18.5 - 52.6) 19.7 (13.9 - 27.0) 24.7 (20.3 - 29.9) 23.9 (20.3 -
27.9)

74 (32, 161)

Mucocutaneous conditions 77.4 (52.6 -109.8) 98.6 (83.0 -
116.2)

105.5 (94.2 -
117.8)

101.1 (92.3 -
110.5)

101 (41, 208)

Malaria 17.6 (9.1 - 30.7) 24.3 (18.5 - 31.3) 21.9 (18.1 - 26.2) 22.2 (19.2 -
25.6)

94 (85, 255)

Gastrointestinal conditions 71.6 (48.7 - 101.7) 52.1 (41.8 - 64.3) 27.3 (22.6 - 32.7) 36.8 (32.2 -
41.8)

107 (43, 210)

Other 25.5 (13.6 - 43.6) 19.4 (13.7 - 26.8) 22.0 (17.9 - 26.8) 21.6 (18.2 -
25.3)

125 (44, 230)
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