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Summary

Human immunodeficiency virus (HIV)-exposed uninfected children (HEU) have an increased risk of
morbidity and mortality compared with HIV-unexposed uninfected children (HUU); however, prior
studies have not fully accounted for the role of both breastfeeding and age on this association. In this
cohort of HEU and HUU in Uganda, non-breastfeeding HEU, from 6-11 months compared with
non-breastfeeding HUU had a higher risk of hospitalizations [relative risk (RR): 10.1, 95% confidence
interval (CI): 3.70-27.6], severe febrile illness (RR: 3.84, 95% CI: 2.06-7.17), severe diarrhea
(RR: 6.37, 95% CI: 2.32-17.4) and severe malnutrition (RR: 18.4, 95% CI: 4.68-72.0). There
were no differences between morbidity outcomes between breastfeeding HEU and HUU children,
aged 6-11 months. In the 12-24 month age group, the only difference in morbidity outcomes among
non-breast feeding children was an increased risk of severe malnutrition for HEU. These data suggest
that the increased risk of morbidity among HEU aged 6-11 years is partially explained by early
cessation of breastfeeding.
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Owing to the increased uptake of effective measures
to prevent mother to child transmission of human
immunodeficiency virus (HIV), there is a growing
. group of children born to HIV-infected mothers
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increased risk of morbidity and mortality compared
with HIV-unexposed uninfected children (HUU)
[1-5]. The mechanisms underlying this relationship
are thought to be mediated by direct immunologic
effects, including impaired T cell immunity [6, 7]
and decreased passively acquired humoral immunity
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[8, 9], and indirect factors such as increased parental
mortality, exposure to maternal infections and
poverty.

The effects of age and breastfeeding on the rela-
tionship between HIV-exposure and morbidity and
mortality remain unclear. Few studies compare
health outcomes of HEU and HUU children of
more than 12 months of age. The majority of studies
comparing HEU to HUU were completed under the
previous World Health Organization (WHO) breast-
feeding guidelines, which recommended early cessa-
tion for HIV-exposed children, as opposed to the
current 2010 [10] recommendations which call for
breastfeeding up to 12 months of age; this shift
makes it difficult to determine the effect of longer
periods of breastfeeding.

Despite limited data on the impact of breastfeeding
on the risk of mortality of HEU compared with
HUU, there is strong evidence of an independent as-
sociation between early cessation of breastfeeding
and mortality and morbidity in cohorts of HEU
alone [4, 11-14]. Thus, as it has been established
that breastfeeding has a protective effect on mortality
in HUU [15] and, more recently, in cohorts of HEU
[4, 12—-14, 16], we hypothesized that early weaning
may at least partially account for the excess risk of
mortality and morbidity found among HEU in prior
studies. Thus, we examined the relationships between
breastfeeding, age, HIV-exposure and health out-
comes in parallel cohorts of HEU and HUU infants
in rural Uganda.

Methods

Study site and procedures

This study is a secondary analysis of data from the
Prevention of Malaria and HIV  disease
(PROMOTE)-chemoprevention trial (Clinical Trial
Registration:  NCT00948896), a  randomized
controlled trial evaluating three regimens for the
prevention of malaria among young children in
Uganda. The trial was conducted in Tororo, a rural
district characterized by subsistence farming and high
rates of poverty and malaria transmission [17].
Convenience sampling was used to enroll 400 HIV-
unexposed and 200 HIV-exposed children 4-5
months of age from the antenatal clinics in Tororo
municipality, between June 2010 and July 2011.
Inclusion criteria included living within 30km of
the study clinic with no intention of moving, con-
firmed HIV-status of the mother, agreement to pre-
sent to the study clinic for fever. In addition, HEU
were eligible if they were HIV-DNA polymerase
chain reaction negative at the time of enrollment,
and were breastfeeding. Exclusion criteria included
having a chronic medical condition or active medical
problems requiring in-patient evaluation at the time
of screening.
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At enrollment, all children were given an insecti-
cide-treated bed net (ITN) and HEU were continued
on or started on trimethoprim-sulfamethoxazole (TS)
prophylaxis. HUU were randomized to malaria che-
moprevention at 6 months of age and HEU were
randomized after cessation of breastfeeding and
when confirmed to be HIV-negative. Children were
randomized 1:1:1:1 to either monthly sulfadoxine-
pyrimethamine, daily TS, monthly dihydroartemisi-
nin-piperaquine or no chemoprevention.

At the onset of the trial, HIV-infected mothers
were counseled to stop breastfeeding at 6 months if
there was a feasible and safe feeding alternative, per
Uganda’s Ministry of Health (MOH) guidelines.
Midway through the trial, MOH guidelines changed
to reflect the 2010 WHO infant feeding guidelines
[18], and HIV-infected mothers were counseled to
breastfeed their children for 12 months. HIV-unin-
fected mothers were counseled to breastfeed for up
to 2 years or beyond.

For the duration of the study, participants were
seen in a dedicated study clinic for monthly routine
visits and for any acute illness. Children were diag-
nosed and managed in accordance with standardized
operating procedures and clinical case definitions
based on the WHO’s Integrated Management of
Childhood Illnesses [19]. Study clinicians also pro-
vided the primary clinical management of hospita-
lized children.

Statistical analysis
We restricted this secondary analysis to person-time
accrued from 6 months of age until 24 months of age
or earlier for those prematurely withdrawn from the
study. Children who HIV sero-convertd were
excluded. Children with sickle cell disease were also
excluded because they had a disproportionately high
rate of hospitalization and were unevenly distributed
between HIV-exposed and unexposed groups.

Outcomes were (i) all-cause hospitalization; (ii) hos-
pitalization not associated with malaria; (iii) severe
febrile illness/pneumonia, a composite of sepsis syn-
drome (defined as fever and toxic appearance with or
without hypotension, not due to malaria) and/or
severe pneumonia (defined as pneumonia with severe
respiratory distress); (iv) severe diarrhea (defined as
bloody diarrhea or more than 7 stools per 24 hours,
or requiring intravenous fluid replacement or hospi-
talization); (v) malaria (defined as a positive blood
smear and fever); and (vi) malnutrition (defined as a
hospitalization with a primary diagnosis of malnutri-
tion or clinic visit with a recorded weight for height z-
score of less than 3 standard deviations from the
median WHO growth standards or a diagnosis of
kwashiorkor or marasmus).

Exposure variables of interest included HIV-
exposure and the following time-dependent variables:
age, chemoprevention and breastfeeding status
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(any versus none). Breastfeeding status was assessed
at each routine and acute visit, and the date of breast-
feeding cessation was recorded as the last day a
women ever breastfed her child.

We used the chi-squared test to compare propor-
tions and the Wilcoxon rank-sum test to compare
medians. Multivariate logistic regression models
using generalized estimating equations with a log
link, robust standard errors and adjustment for re-
peated measures in the same study participant were
used to generate the daily relative risks of morbidity
and mortality outcomes. Models examining associ-
ations between HIV-exposure status and both mor-
tality and the risk of malaria were adjusted for a
household wealth index at enrollment and the follow-
ing time-dependent variables: age, malaria chemopre-
vention regimen and breastfeeding status. Given the
strong association between HIV exposure status and
age at breastfeeding cessation, models evaluating as-
sociations with morbidity outcomes used a composite
measure of HIV-exposure and breastfeeding status,
were stratified into two age groups (6-11 and 12-24
months), and adjusted for household wealth index,
age and malaria chemoprevention regimen. The
household wealth index was generated from number
of household assets and categorized into lowest,
middle and highest tertiles, as described previously
[20]. Analyses were performed using STATA 12
(Stata Corporation, College Station, TX) and a
p-value less than 0.05 was considered statistically
significant.

Ethical considerations

This study was approved by the Makerere University
School of Medicine Research and Ethics Committee,
Uganda National Council for Science and
Technology, and the University of California, San
Francisco Committec on Human Research.

Results

Of the 400 HUU enrolled, seven children withdrew
before 6 months of age and 4 had sickle cell disease,
leaving 389 children included in the analyses. A total
of 348 HUU children remained in the study by 24
months, contributing 542 person-years (PY). Of the
200 HEU enrolled, two withdrew before 6 months, 7
HIV sero-converted after enrollment and five were
excluded because of sickle cell disease, leaving 186
participants included in the analyses. A total of 159
HEU remained in the study by 24 months, contribut-
ing 169 PY (Fig. 1).

The proportion of children breastfeeding differed
between HEU and HUU: at 6 months of age, 84.4 vs.
99.7%, (p<0.0001); at 12 months of age, 28.7
vs. 98.9%, (p <0.001); and at 24 months of age, 0
vs. 24.4% (p <0.0001) (Fig. 2). At enrollment, we
did not detect a difference in gender and household
wealth index between HEU and HUU. HIV-infected
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mothers were older than HIV-uninfected mothers
(median age was 24.5 vs. 30.0 years). A higher pro-
portion of HIV-infected mothers reported their chil-
dren had an ITN compared with HIV-uninfected
mothers, but after enrollment all mothers and chil-
dren were given an ITN and the reported use of ITNs
among children increased to over 93%, and we did
not detect a difference between HEU and HUU. At
enrollment, 94.6% of HIV-infected mothers reported
taking TS and 35.0% reported taking anti-retroviral
therapy. The proportion of self-reported antiretro-
viral therapy (ART) use increased to 65.3% by the
time the children reached 18 years of age (Table 1).

Mortality

There were seven deaths among HEU compared with
one death among HUU. The median age at death
was 12.7 months, interquartile range (IQR) 9.5-
16.5. Of the eight deaths, six occurred in children
who were not breastfeeding. In children who died
and were not breastfeeding, cessation of breastfeed-
ing occurred over 3 months before death (Table 2).
HEU had a 13.7 [95% confidence interval (CI): 1.12—
167.3, p=0.04] higher risk of death compared with
HUU, when adjusting for age, malaria chemopreven-
tion regimen, breastfeeding and wealth index.

Morbidity outcomes

Breastfeeding and age moderated the association be-
tween HIV-exposure and non-malarial morbidity
(Tables 3 and 4). Among children 6-11 months
who were breastfeeding, there were no significant dif-
ferences in morbidity outcomes between HUU and
HEU. Non-breastfeeding HUU were excluded
from the multivariate analysis due to an insuffi-
cient amount of person-time (1.8 PY). Non-
breastfeeding HEU had a significantly higher risk
of all non-malarial morbidity outcomes compared
with breastfeeding HUU: hospitalizations [relative
risk (RR): 10.1, 95% CI: 3.70-27.6, p <0.0001],
non-malarial hospitalizations (RR: 19.6, 95% CI:
4.95-77.3, p<0.0001), severe febrile illness (RR:
3.84, 95% CI: 2.06-7.17, p < 0.0001), severe diarrhea
(RR: 6.37,95% CI: 2.32-17.4, p < 0.0001) and severe
malnutrition (RR: 184, 95% CI. 4.68-72.0,
p <0.0001) (Table 3).

Among non-breastfeeding children age 12-24
months, there was no detectable difference between
the risk of hospitalizations, non-malarial hospitaliza-
tions or severe diarrhea between HUU and HEU.
There was a trend toward an increased risk of
severe febrile illness (RR: 2.07, 95% CI: 0.93-4.64,
p=0.08) and an increased risk of severe malnutrition
(RR: 2.67, 95% 1.01-7.05, p=0.05) among non-
breastfeeding HEU compared with non-breastfeed-
ing HUU (Table 4). Breastfeeding HEU were
excluded from the multivariate analysis due to an
insufficient amount of person-time (7.4 PY).
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600 children 4-5 months of age enrolled
All children given an ITN
HEU prescribed TS prophylaxis

\ 4

\'4

400 HUU enrolled

|

200 HEU enrolled

11 exclude from analyses
7 withdrew before 6 months

<
4 with sickle cell disease

A 4

14 exclude from analyses
7 HIV sero-converted
5 with sickle cell disease
2 withdrew before 6 months

—>

h 4

389 HUU reached 6 months of
age and include in analyses
388 breastfeeding (99.7%)

186 HEU reached 6 months of
age and include in analyses
157 breastfeeding (84.4%)

23 withdrew between 6-11 months
11 unable to locate for > 60 days
8 withdrew consent
2 unable to comply with protocol
1 moved
1 died

8 withdrew between 6-11 months
3 withdrew consent

Ly 3 died
1 unable to comply with protocol
1 unable to locate for > 60 days
Y

366 HUU reached 12 months
362 breastfeeding (98.9%)

178 HEU reached 12 months
51 breastfeeding (28.7%)

18 withdrew between 12-23 months
8 withdrew consent
6 moved
4 unable to locate for > 60 days

<

A 4

9 withdrew between 12-23 months
4 died
2 moved
2 unable to comply with protocol
1 unable to locate for > 60 days

348 HUU reached 24 months
85 breastfeeding (24.4%)

169 HUU reached 24 months
none breastfeeding

FiG. 1. Study flow diagram. PY accrued from 6 to 24 months were included in this analysis. All PY from children
with sickle cell disease or those who HIV sero-converted were excluded from the analysis. For children who
withdrew, person-time was included up to study withdrawal date.

Malaria

The incidence of malaria from 6-24 months of age in
both HUU and HEU was 4.5 per PY and 2.76 per
PY, respectively, p<0.0001. HEU had a 37%
decreased risk of malaria compared with HUU (RR
0.63, 95% CI: 0.53-0.73, p <0.0001), after adjusting
for age, breastfeeding, household wealth index and
chemoprevention. There were no interactions be-
tween breastfeeding and HIV-exposure in the
models used to assess the risk of malaria.

Discussion
In this study, we compared the health outcomes of a
cohort of HEU and HUU children and found a
13-fold higher risk of mortality and a higher risk of
non-malarial morbidity among HEU children

Journal of Tropical Pediatrics Vol. 60, No. 6

compared with HUU children. Cessation of breast-
feeding and younger age moderate the association
between non-malarial morbidity outcomes and
HIV-exposure. In children 6-11 months of age,
non-breastfeeding HEU had a 4-20-fold increase
risk of non-malarial morbidity outcomes, compared
with breastfeeding HUU. Our findings are in agree-
ment with prior studies on cohorts of HEU, which
have shown an association between lack of breast-
feeding and poor health outcomes such as pneumo-
nia [4, 12], hospitalization [4, 11, 14], malnutrition
[14, 21-23], diarrhea [4] and death [4, 11]. However,
this study is among the first to directly compare out-
comes of HEU with HUU while controlling for dif-
ferences in duration of breastfeeding between HEU
and HUU. The profound difference in health
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Fig. 2. Proportion of children breastfeeding (exclusive and partial) from 6 to 24 months, stratified by

HIV-exposure s

tatus.

TABLE 1

Demographics of study participants at enrollment

TABLE 2
Characteristics of HIV-exposed and unexposed
children who died

Characteristic HUU HEU p-value
children children
N=389 N=186
% or % or
median median
(IQR)  (IQR)
Female child 48.9 50.8 0.68
Father alive 99 92 <0.001
Mother alive 100 100
Maternal age— 24.5 30.0 <0.001
median (IQR) (20.0-30.0) (28.0-35.0)
Mother reports N/A 93.6
using TS
prophylaxis
Mother reports N/A 353
using ART
Mother reports N/A 78.1
receiving peri-
natal ART
Mother reports 46.9 62.6 <0.001
child had an
ITN
Household Wealth Tertile
Low 32.8 31 0.25
Middle 36.1 31
High 31.2 38

outcomes between non-breastfeeding HEU and
breastfeeding HUU, in addition to the lack of differ-
ence detected between breastfeeding HEU and HUU,
supports prior findings that early cessation of

438

Primary HIV-exposure Age at  Age of
cause status death cessation of
of death (months) breastfeeding
(months)
Pneumonia  Unexposed 8 No cessation of
breastfeeding
Malnutrition  Exposed 9 6
Diarrhea Exposed 10 6
Diarrhea Exposed 10 6
Unknown Exposed 12 No cessation of
breastfeeding
Diarrhea Exposed 16 8
Diarrhea Exposed 17 6
Burkitt’s Exposed 17 10
Lymphoma

breastfeeding is an independent predictor of morbid-
ity among HEU and suggests that it at least partially
accounts of the excess risk of non-malarial morbidity
of HEU compared with HUU children between the
ages of 6 and 11 months.

The association between HIV-exposure and the
risk of non-malarial morbidity outcomes declined
among children 12-24 months of age. Only the risk
of severe malnutrition was significantly higher in
non-breastfeeding HEU compared with both non-
breastfeeding and breastfeeding HUU children.
There are few studies that assess the duration of the

Journal of Tropical Pediatrics Vol. 60, No. 6
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TaBLE 3
Associations between HIV exposure and breastfeeding status with morbidity outcomes among infants 6—11 months
of age
Outcome HUU HEU breastfeeding HEU not breastfeeding
breastfeeding® (43 PY of follow-up) (48 PY of follow-up)
(189 PY
of follow-up)
Events Incidence® Events Incidence® RR (95% CIF° p Events Incidence® RR (95% CI°  p
All hospitalizations 6 0.032 2 0.046 1.27 (0.22-7.39) 0.79 17 0.354 10.1 (3.70-27.6)  <0.0001
Non-malarial 2 0.011 1 0.023 1.50 (0.14-16.4) 0.74 12 0.250 19.6 (4.95-77.3)  <0.0001
hospitalizations
Severe febrile 17 0.090 5 0.116 1.34 (0.44-4.07) 0.61 13 0.271 3.84 (2.06-7.17) <0.0001
illnesses
Severe diarrhea 11 0.058 3 0.070 0.78 (0.17-3.58) 0.75 22 0.458 6.37 (2.32-17.4) <0.0001
Severe malnutrition 3 0.016 1 0.023  2.55(0.18-35.5) 049 15 0.312 18.4 (4.68-72.0)  <0.0001

HUYU, HIV-unexposed uninfected; HEU, HIV-exposed uninfected; PY, person-years; RR, relative risk; CI, confidence

intervals.

“Reference group.

°Per person-year.

“Adjusted for age, chemoprevention and wealth index.

TABLE 4
Associations between HIV exposure and breastfeeding status with morbidity outcomes among infants 12—24 months
of age

Outcome HUU not HEU not HUU

breastfeeding® breastfeeding breastfeeding

(261 PY of follow-up) (166 PY of follow-up) (92 PY of follow-up)

Events Incidence® Events Incidence® RR (95% CI)* p Events Incidence® RR (95% CI)* p
All hospitalizations 24 0.092 16 0.097 0.97 (0.54-2.43) 0.94 11 0.119 1.14 (0.54-2.43) 0.73
Non-malarial 14 0.053 6 0.036 0.70 (0.24-2.04) 0.51 3 0.032 0.62 (0.16-2.46) 0.50
hospitalizations

Severe febrile illnesses 13 0.050 16 0.097 2.07 (0.93-4.64) 0.08 2 0.022 0.53 (0.13-2.12) 0.37
Severe diarrhea 8 0.031 9 0.054 2.21 (0.79-6.16) 0.13 S 0.043 2.67 (0.64-12.8) 0.17
Severe malnutrition 14 0.054 18 0.108 2.67 (1.01-7.05) 0.05 4 0.043 2.36 (0.32-17.2) 0.40

HUU, HIV-unexposed uninfected; HEU, HIV-exposed uninfected; PY, person-years; RR, relative risk; CI, confidence

intervals.

“Reference group.

per person-year.

“Adjusted for age, chemoprevention and wealth index.

risk of detailed morbidity outcomes between HEU
and HUU children beyond 12 months. Our data sug-
gest that there is no difference in the risk of infectious
morbidity, aside from malaria and malnutrition,
among HEU and HUU children from 12 to 24
months. We hypothesize that the waning association
with age may be due to maturation of the immune
system of HEU and less dependence on the passive
immunity provided by breastfeeding to fight
infections.

The persistent increased risk of malnutrition seen
in our data has also been described in cohorts of
HEU in Uganda followed for the first 5 years of

Journal of Tropical Pediatrics Vol. 60, No. 6

life [22]. Additionally, breastfeeding has been found
to mitigate the risk of severe malnutrition for up to
15 months in a trial among HEU in Zambia [23]. In
the current study, the virtual absence of breastfeeding
HEU from 12 to 24 months precluded analyses to
isolate the effect of breastfeeding on the association
of HIV-exposure and malnutrition. However, among
non-breastfeeding children from ages 12 to 24
months, HEU had almost a 3-fold increase in
severe-malnutrition compared with HUU. This dif-
ference may be due to the long-term sequelae of early
weaning and increased incidence of severe malnutri-
tion established before 1 year of age among HEU.
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Overall, the increased risk of severe-malnutrition in
HEU compared with HUU from 6 to 24 months
underscores the importance of extended breastfeed-
ing, growth monitoring and early nutritional inter-
ventions for HEU.

An additional secondary finding of this study was a
lower risk of malaria in HEU compared with HUU
children, even when controlling for covariates asso-
ciated with malaria incidence and chemoprevention.
We hypothesize that in this study the difference in
malaria incidence may be attributable to differences
in adherence of chemoprevention in HEU. A total of
94% of HIV-infected women reported taking TS at
enrollment, and they may be more likely to adhere
to their child’s chemoprevention regimen, as they are
accustomed to taking medications themselves and
may perceive their child’s risk of malaria to be higher.

Our results should be interpreted within the limi-
tations of the study design. This study likely under-
estimates the risk of poor health outcomes of both
HEU and HUU in routine settings because children
in our cohort had more access to medications and
health care compared with the general population
in rural Uganda. However, the controlled study en-
vironment is also a strength, as we had detailed data
on breastfeeding, standardized definitions of health
outcomes and potential confounders. Finally, as a
secondary analysis, sample sizes were not powered
to test the hypothesis that HIV-exposure increases
the risk of morbidity and mortality. This may have
limited our ability to detect small differences in mor-
bidity between HEU and HUU in the 12-24 month
age group. The low number of deaths in HUU lim-
ited our ability to stratify mortality by age and HIV-
exposure and breastfeeding groups

In conclusion, we found an increased risk of non-
malaria morbidity among HIV-exposed children
from 6 to 11 months; however, aside from malnutri-
tion we did not detect this relationship in children
ages 12-24 months. Among children aged 6-11
months, some of the association between HIV-expos-
ure and morbidity could be explained by earlier ces-
sation of breastfeeding among HEU. Programmatic
interventions that seek to increase uptake of the 2010
WHO Infant Feeding Guidelines [17] and Option B+
[10], which recommend breastfeeding HEU for 12
months, should improve the health outcomes of the
growing population of HEU children.
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