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Background. Human immunodeficiency virus (HIV)–exposed, uninfected (HIV-EU) children are at increased risk
of infectious illnesses and mortality compared with children of HIV-negative mothers (HIV-unexposed). However,
treatment outcomes for lower respiratory tract infections among HIV-EU children remain poorly defined.
Methods. We conducted a hospital-based, prospective cohort study of N = 238 children aged 1–23 months with
pneumonia, defined by theWorldHealth Organization. Childrenwere recruited within 6 hours of presentation to a
tertiary hospital in Botswana. The primary outcome—treatment failure at 48 hours—was assessed by an
investigator blinded to HIV exposure status.
Results. Median age was 6.0 months; 55% were male. One hundred fifty-three (64%) children were HIV-
unexposed, 64 (27%) were HIV-EU, and 20 (8%) were HIV-infected; the HIV exposure status of 1 child could not
be established. Treatment failure at 48 hours occurred in 79 (33%) children, including in 36 (24%) HIV-
unexposed, 30 (47%) HIV-EU, and 12 (60%) HIV-infected children. In multivariable analyses, HIV-EU children
were more likely to fail treatment at 48 hours (risk ratio [RR]: 1.83, 95% confidence interval [CI]: 1.27–2.64,
P = .001) and had higher in-hospital mortality (RR: 4.31, 95% CI: 1.44–12.87, P = .01) than HIV-unexposed
children. Differences in outcomes by HIV exposure status were observed only among children under 6 months of
age. HIV-EU children more frequently received treatment with a third-generation cephalosporin, but this did not
reduce the risk of treatment failure in this group.
Conclusions. HIV-EU children with pneumonia have higher rates of treatment failure and in-hospital mortality
than HIV-unexposed children during the first 6 months of life. Treatment with a third-generation cephalosporins
did not improve outcomes among HIV-EU children.
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BACKGROUND

Improved access to antiretroviral prophylaxis and modifi-
cations of infant feeding practices have substantially
reduced mother-to-child-transmission of human immuno-
deficiency virus (HIV) in sub-Saharan Africa (SSA) [1].
However, the prevalence of HIV among pregnant women
remains high in many SSA countries, and the number of
infants of HIV-infected mothers who do not themselves
acquire the virus has risen rapidly. HIV-exposed, uninfect-
ed (HIV-EU) children have higher infectious morbidity

and mortality during the first 2 years of life than the chil-
dren of HIV-negative mothers (HIV-unexposed) [2–6].
Infant feeding practices may contribute to these poor
health outcomes as HIV-infected mothers may be less
able to breastfeed or may choose replacement feeding to
reduce the risk of HIV transmission [7]. Other potential
contributing factors include early maternal death, in-
creased exposure to infections, and immune abnormalities
resulting from in utero exposure to HIV and antiretroviral
medications [7].
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Pneumonia remains the leading killer of children world-
wide [8]. Of the estimated 1.4 million child deaths from
pneumonia in 2010, more than 99%occurred in developing
countries, and 46% were in SSA [8]. In 2013, the World
Health Organization (WHO) updated its recommendations
for diagnosis and treatment of pneumonia in settings with
limited diagnostic capabilities [9]. These guidelines classify
children as having nonsevere or severe pneumonia, and
offer specific treatment recommendations for children with
known or suspected HIV infection. For HIV-uninfected
children (including HIV-EU children), ampicillin or benzyl-
penicillin with gentamicin is recommended for severe pneu-
monia, while high-dose oral amoxicillin can be given for
nonsevere disease. For HIV-infected children (or HIV-
exposed children who have not had HIV testing), ampicillin
or benzylpenicillin with gentamicin is recommended regard-
less of disease severity, and high-dose trimethoprim-
sulfamethoxazole (TMP-SMX) should be considered for
treatment of Pneumocystis jirovecii pneumonia (PCP) in in-
fants. Cloxacillin and gentamicin are recommended regard-
less of HIV status if there is suspicion of staphylococcal
pneumonia. Treatment with a third-generation cephalospo-
rin is reserved for failure of first-line antimicrobial therapy.
The incidence of pneumonia among HIV-EU children is

higher than HIV-unexposed children, and studies suggest
that HIV exposure may also be associated with treatment
failure among children treated as per WHO guidelines
[2, 4, 10, 11]. McNally et al reported that HIV-EU infants
with pneumoniawhowere given benzylpenicillin, gentami-
cin, and high-dose TMP-SMX had higher treatment failure
rates than similarly treated HIV-unexposed infants [12].
Webb et al similarly found an increased treatment failure
rate among children with a positive HIV antibody test,
although this study did not distinguish infant HIV infec-
tion from in utero HIV exposure with placental acquisition
of maternal antibody [13]. The authors of these studies
concluded that WHO pneumonia treatment guidelines
should be reexamined for settings with a high prevalence
of HIV infection or exposure [12, 13].
We conducted a hospital-based, prospective cohort study

to assess whether HIV-EU children have worse outcomes
from pneumonia than HIV-unexposed children during the
first 2 years of life. As a secondary objective, we investigated
whether specific antimicrobial regimens might reduce the
risk of treatment failure among HIV-EU children.

METHODS

Setting

The study was conducted from April 2012 to October
2013 at a tertiary hospital in Gaborone, Botswana. The

country’s prevalence of human immunodeficiency virus
type 1 (HIV-1) among pregnant women aged 15–49
years was 30.4% in 2011 [14]. Haemophilus influenzae
type B conjugate vaccine was included in the country’s
immunization schedule in 2010, while 13-valent pneumo-
coccal conjugate vaccine was introduced in July 2012.

HIV-infected women in Botswana are counseled to ex-
clusively breastfeed their children until at least 6 months
of age unless replacement feeding is acceptable, feasible,
affordable, sustainable, and safe (AFASS), and free infant
formula is provided to HIV-infected women who meet
these criteria [15, 16].

Study Population
Children 1–23 months of age with pneumonia, defined by
the WHO as cough or difficulty in breathing with lower
chest wall indrawing, were eligible for inclusion, provided
that a legal guardian was available to provide written
informed consent [9]. The presence of 1 or more danger
signs (central cyanosis, convulsions, inability to drink, or
abnormal sleepiness) further classified children as having
severe pneumonia [9]. We excluded children with a chronic
medical condition predisposing to pneumonia (other than
HIV), hospitalization in the prior 14 days, asthma, wheez-
ing with resolution of lower chest wall indrawing after 2 or
fewer bronchodilator treatments, or previous enrollment in
the study. All children were recruited within 6 hours of the
triage time in the Emergency Department (ED).

Clinical care was provided by medical officers and pedi-
atric residents on award supervised by pediatric specialists.
Supplemental oxygen and continuous positive airway pres-
sure (CPAP) were routinely available, while there was lim-
ited access to mechanical ventilation in an intensive care
unit. Intravenous antibiotics that were routinely available
included ampicillin, gentamicin, cloxacillin, ceftriaxone,
cefotaxime, TMP-SMX, and vancomycin, while amoxicil-
lin, amoxicillin-clavulanate, TMP-SMX, and erythromy-
cin were available orally. Departmental guidelines for
treatment of pneumonia were based on WHO recommen-
dations, but antibiotic decisions were ultimately at the dis-
cretion of the treating pediatrician. Chest radiographs were
routinely obtained for children with symptoms of lower
respiratory tract infection, and interpretation was by
the treating pediatrician. The hospital’s microbiology lab-
oratory uses a manual blood culture system but does not
perform testing for respiratory viruses. Acid-fast stain
and mycobacterial culture were intermittently available to
clinicians during the study period.

Data Collection
Sociodemographic and clinical data were collected at en-
rollment from a physical examination, review of infant
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and maternal medical records, and a detailed face-to-face
interview with the child’s caregiver(s). Research staff as-
sessed children and reviewed hospital charts daily until dis-
charge (or death), recording additional clinical information
including the dates and times of antibiotic doses.

Severe acute malnutrition was defined as weight-for-
length <-3 standard deviations on WHO growth curves,
mid–upper arm circumference <115 mm (for children �6
months), or bilateral edema of nutritional origin [17].
Children were considered to have a tuberculosis contact if
their caregiver reported a household member was diagnosed
with or treated for tuberculosis in the prior 12 months.
Proximity to health care services was categorized as travel
of <1 or�1 hour prior to first contact with the health system
(at a clinic or hospital) on the enrollment date. Children
were considered to have received aWHO antibiotic regimen
if the prescribed regimen included at least the recommended
antibiotic(s), even if they received additional antibiotics, and
the first dose was given within 6 hours of ED triage time.
Microbiological confirmation of PCP was not available,
but clinicians frequently used lactate dehydrogenase
(LDH) as a screening test in childrenwith compatible illness-
es. Children were considered to have probable PCP if they
had an oxygen saturation <85% on room air, abnormal
chest radiograph, and LDH >750 IU/L.

Study data were collected and managed using REDCap
electronic data capture tools hosted at The Children’s
Hospital of Philadelphia (Philadelphia, PA).

Classification of HIV Exposure Status
Children of mothers with documented negative testing for
HIV-1 during pregnancy, at delivery, or at enrollment were
classified as HIV-unexposed. Children whose mothers
tested positive for HIV-1 before or at delivery were con-
sidered HIV-exposed. Testing of infants <18 months of
age for HIV-1 was performed using the Roche Amplicor
1.5 HIV DNA PCR (Roche, Alameda, CA). Infants �18
months and mothers were tested for HIV using dual
parallel rapid testing with the Determine HIV 1/2
(Abbott Laboratories, North Chicago, IL) and Uni-Gold
Recombigen HIV (Trinity Biotech, Inc., Wicklow,
Ireland) tests. HIV-exposed children were classified as
HIV-EU if they tested negative for HIV-1 after 6 weeks of
age if exclusively formula fed, at least 6 weeks after breast-
feeding cessation, or at enrollment.

Outcomes Assessment
The primary outcome, treatment failure, was assessed at 48
hours by a study physician or nurse blinded to HIV expo-
sure status. This investigator was provided only with the
name and location of the child on the ward, and did not
have access to enrollment data or the child’s medical

record. Treatment failure was defined as persistent lower
chest wall indrawing, the development of new WHO dan-
ger signs, oxygen saturation <80% (on room air), a contin-
ued requirement for CPAP or mechanical ventilation, or
death. This definition was adapted for our setting from cri-
teria used in a previous WHO-funded study of childhood
pneumonia [18], and training sessions were held every
3 months during the study period to standardize the assess-
ment process. Children discharged before 48 hours were
considered treatment responders, but caregivers were con-
tacted by telephone to confirm treatment response.

Secondary outcomes included days of supplemental
oxygen, days of CPAP or mechanical ventilation, length
of stay, and in-hospital mortality. For a given day, the high-
est level of respiratory support required by a child was
recorded. Length of stay was calculated from the ED triage
time to the time of discharge from the ward.

Statistical Analysis
Baseline characteristics of the exposure groups were de-
scribed using frequencies and percentages for categorical
variables and median and interquartile ranges (IQR) for
continuous variables. We used Cox proportional hazards
to directly estimate risk ratios (RR) for treatment failure
at 48 hours and in-hospital mortality [19]. This approach,
as opposed to logistic regression, was necessary given the
commonality of both outcomes of interest. More specifi-
cally, when the outcome is not rare (ie, >10%), the odds
ratio estimated by logistic regression will be an upwardly
biased estimate of the underlying RR [20]. We used linear
regression to estimate mean differences in days of supple-
mental oxygen, days of CPAP or mechanical ventilation,
and length of stay according to HIV exposure status.
Adjusted analyses included age and proximity to health
care services, which were potential confounding variables
identified based on subject matter knowledge of the pro-
posed causal pathway betweenHIV exposure and pneumo-
nia outcomes (Appendix 1). Measures of pneumonia
disease severity and infant feeding practices were not in-
cluded in adjusted analyses, as these variables are potential
downstream consequences of in utero HIV exposure [21].

In analyses limited to HIV-EU children, we used Cox
proportional hazards to directly estimate crude and adjust-
ed RR for treatment failure at 48 hours according to receipt
of a third-generation cephalosporin (versus ampicillin and
gentamicin), adjusting for the following potential con-
founders: age, low birth weight (<2500 g), severe malnutri-
tion, WHO disease severity, respiratory rate, and hypoxia
(oxygen saturation <90%, room air).

All statistical analyses were conducted using SAS soft-
ware version 9.3 (SAS Institute, Cary, NC). This study

HIV Exposure and Outcomes from Pneumonia e119

http://jpids.oxfordjournals.org/lookup/suppl/doi:10.1093/jpids/piu092/-/DC1


was approved by the Health Research and Development
Committee (Ministry of Health, Botswana) and institut-
ional review boards at Princess Marina Hospital, The
University of Pennsylvania, and The Children’s Hospital
of Philadelphia.

RESULTS

Patient Characteristics
Four hundred fifty-three children were screened by the
study team for enrollment, and 253 children were eligible
(Figure 1). The legal guardians of 15 children (6%) de-
clined consent, but the age and gender of these children
did not differ from enrolled children.
Table 1 presents baseline characteristics of the study pop-

ulation. The median age was 6.0 months and 55% were
male. Eighty-five (36%) children presented with severe
pneumonia. One hundred fifty-three children (64%) were
HIV-unexposed, 64 (27%) were HIV-EU (27%), 20 were
HIV-infected (8%), and the HIV exposure status of 1
child could not be established. Of children classified as

HIV-EU, 48 (75%) were tested for HIV at enrollment,
while the remaining 16 HIV-EU children were exclusively
formula-fed and had previously tested negative for HIV by
DNA PCR at �6 weeks of age. All the mothers of children
classified as HIV-unexposed tested negative for HIV at least
once during the pregnancy, and in 91 (59%) cases either the
mother or infant also tested negative for HIV at enrollment.
Fifteen (75%) HIV-infected children were diagnosed with
HIV during the enrollment hospitalization, and only 3
HIV-infected children were on antiretroviral therapy at the
time of enrollment. Four (20%) HIV-infected and 15
(23%) HIV-EU children were on TMP-SMX prophylaxis
at enrollment; an additional seven (11%) HIV-EU children
were enrolled in an ongoing double-blind trial comparing
TMP-SMX prophylaxis with placebo.

Severe malnutrition, current breastfeeding, maternal
education levels, reported days of cough and fever, and
hemoglobin levels differed significantly by HIV exposure
status (Table 1). However, in comparisons limited to
HIV-uninfected children, only current breastfeeding

Figure 1. Screening and enrollment of study participants presenting with pneumonia to a tertiary hospital in Gaborone, Botswana, April 2012 to October 2013.
Abbreviation: WHO, World Health Organization.
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(P < .0001) and maternal education levels (P = .01) differed
betweenHIV-EU andHIV-unexposed children. Therewere
no significant differences in WHO disease severity, respira-
tory rate, or hypoxia by HIV exposure status.

LDH was sent on the date of enrollment for 10 HIV-in-
fected, 16 HIV-EU, and 8 HIV-unexposed children. Eight
(40%)HIV-infected, 4 (6%)HIV-EU children, and 1 (<1%)
HIV-unexposed child met clinical criteria for probable PCP.

Treatment Outcomes

Seventy-eight (33%) participants failed treatment at 48
hours: 36 (24%) HIV-unexposed, 30 (47%) HIV-EU,
and 12 (60%) HIV-infected children (Figure 2). One hun-
dred forty-five (61%) children received supplemental

oxygen, 26 (11%) required CPAP, and 5 (2%) children
were mechanically ventilated during the hospitalization.
Fourteen (5.9%) children died, including 4 (2.6%) HIV-
unexposed, 8 (12.5%) HIV-EU, and 2 (10.0%) HIV-
infected children (Figure 2). Median length of stay for the
224 children surviving to hospital discharge was 3.6 days
(IQR: 1.9, 8.0 days). Fifty-two (22%) children were dis-
charged before the 48-hour treatment failure assessment;
the caregivers of 48 (92%) of these children were contacted
by phone, and no child was reported to have required
further medical care.

Table 2 presents the results of univariate and multivari-
able analyses by HIV exposure status. Both HIV-EU and

Table 1. Baseline Characteristics of N = 238 Children Aged 1–23 Months Presenting With Pneumonia to a Tertiary Hospital in
Gaborone, Botswana, April 2012–October 2013

N (column %)

Characteristic (n with data)
Total

(N = 238a)
HIV-Unexposed

(N = 153)
HIV-EU
(N = 64)

HIV-Infected
(N = 20) Pb

Demographics
Age, mo (n = 238) 0.21
1 to <6 120 (50.4) 70 (45.8) 36 (56.3) 14 (70.0) —

6 to <12 53 (22.3) 36 (23.5) 14 (21.9) 2 (10.0) —

12 to <24 65 (27.3) 47 (30.7) 14 (21.9) 4 (20.0) —

Median (IQR) 6.0 (2.8, 13.3) 7.5 (3.3, 14.0) 5.4 (2.5,12.1) 3.9 (2.4, 8.6) 0.08
Male gender (n = 238) 130 (54.6) 83 (54.3) 36 (56.3) 10 (50.0) 0.88
Birth weight <2500 g (n = 238) 51 (21.4) 27 (17.7) 17 (26.6) 6 (30.0) 0.20

Nutrition and infant feeding practices
Severe malnutritionc (n = 238) 20 (8.8) 11 (7.3) 3 (5.3) 6 (30.0) 0.002
Current breastfeeding (n = 238) 100 (42.0) 89 (58.2) 4 (6.3) 7 (35.0) <0.0001

Socioeconomic factors
Maternal education level (n = 238) <0.0001
None or primary 27 (11.3) 13 (8.5) 8 (12.5) 6 (30.0) —

Secondary 164 (68.9) 99 (64.7) 51 (79.7) 14 (70.0) —

Tertiary 47 (19.8) 41 (26.8) 5 (7.8) 0 (0.0) —

Electricity in household (n = 238) 154 (64.7) 102 (66.7) 38 (59.4) 13 (65.0) 0.59
Municipal water (n = 238) 206 (86.6) 136 (88.9) 54 (84.4) 15 (75.0) 0.20
Refrigerator in household (n = 238) 143 (60.1) 97 (63.4) 35 (54.7) 10 (50.0) 0.31
Wood as primary cooking fuel (n = 238) 72 (30.3) 44 (28.8) 22 (34.4) 6 (30.0) 0.71
Household contact with tuberculosis, past 12 mod (n = 237) 17 (7.2) 10 (6.6) 6 (9.4) 1 (5.0) 0.71

Current illness factors
WHO severe diseasee (n = 238) 85 (35.7) 52 (34.0) 24 (37.5) 9 (45.0) 0.60
Respiratory rate (breaths/min), median (IQR) (n = 238) 62 (54, 72) 62 (54, 72) 60 (53, 76) 58 (54, 71) 0.97
Oxygen saturation <90%, room air (n = 237) 92 (39.0) 56 (36.8) 25 (39.1) 11 (55.0) 0.29
Days of cough, median (IQR) (n = 237) 3 (2, 5) 3 (2, 5) 2 (2, 5) 5 (3, 8) 0.04
Days of fever, median (IQR) (n = 236) 2 (1, 3) 2 (1, 3) 1 (0, 2) 3 (1, 7) 0.02
Nasal congestion or discharge (n = 238) 192 (80.7) 130 (85.0) 48 (75.0) 14 (70.0) 0.10
History of convulsions (n = 238) 9 (3.8) 5 (3.3) 4 (6.3) 0 (0.0) 0.38
White blood cell count (cells/μL), median (IQR) (n = 206) 12.4 (9.4–16.9) 11.9 (9.1–16.9) 13.5 (10.6–16.3) 14.2 (9.6–19.0) 0.27
Hemoglobin (g/dL), median (IQR) (n = 206) 10.6 (9.4–11.5) 10.8 (9.8–11.6) 10.7 (9.5–11.5) 8.3 (6.7–9.8) <0.0001
Travel of more than 1 h to clinic or hospital (n = 237) 24 (10.1) 13 (8.6) 8 (12.5) 3 (15.0) 0.52
Received antibiotics prior to hospital presentation (n = 237) 152 (64.1) 95 (62.5) 43 (67.2) 13 (65.0) 0.80
Traditional medicine usef (n = 238) 29 (12.2) 16 (10.5) 8 (12.5) 5 (25.0) 0.17

Abbreviations: HIV-EU, HIV-exposed uninfected; IQR, interquartile range; WHO, World Health Organization.
aHIV exposure status could not be established for N = 1 child.
bWald χ2 P-values.
cDefined as weight-for-length <-3 SD on standard WHO growth curves, mid–upper arm circumference <115 mm (for children �6 months of age), or the presence of
bilateral edema of nutritional origin.
dContact within household who was diagnosed with or treated for tuberculosis in the prior 12 months.
ePneumonia accompanied by WHO danger signs (central cyanosis, convulsions, inability to drink, or abnormal sleepiness).
fCaregivers were asked if the child had been seen or had treatment recommended outside of a local health post, clinic, or hospital for the current illness.
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HIV-infected children were significantly more likely to fail
treatment at 48 hours than HIV-unexposed children
(HIV-EU versus HIV-unexposed, RR: 1.83, 95% confi-
dence interval [CI]: 1.27–2.64, P = .001; HIV-infected ver-
sus HIV-unexposed, RR: 2.08, 95% CI: 1.39–3.12,
P = .0004). HIV-EU and HIV-infected children also re-
quired significantly more days of CPAP or mechanical ven-
tilation and tended to have longer lengths of stay than

HIV-unexposed infants. Among HIV-uninfected children,
in-hospital mortality was strongly associated with in utero
HIV exposure (HIV-EU versus HIV-unexposed, RR: 4.31,
95% CI: 1.44–12.87, P = .01). Mortality did not differ be-
tween HIV-EU and HIV-infected children (HIV-EU versus
HIV-infected, RR: 1.58, 95% CI: 0.39–6.49, P = .40),
although power for this comparison was limited by the
small number of HIV-infected children in the cohort.
When analyses were stratified by age (1–5 months versus
6–23 months), differences in the risk of treatment failure
and in-hospital mortality by HIV exposure status were ob-
served only among children <6 months of age (Figure 2).
The effects of HIV exposure on treatment failure at 48
hours (RR: 2.10, 95% CI: 1.42–3.08, P = .001) and
in-hospital mortality (RR: 6.05, 95% CI: 2.08–17.58,
P = .0009) were not significantly changed when we exclud-
ed HIV-EU children who were not tested for HIV at en-
rollment (n = 20). Similarly, we conducted additional
analyses in which we excluded the following subpopu-
lations: (1) children who had been breastfed in the prior
6 weeks or were <6 weeks of age (n = 115), (2) children
on TMP-SMX prophylaxis or enrolled in the placebo-
controlled trial of TMP-SMX prophylaxis (n = 26), or (3)
children discharged before the 48-hour treatment failure
assessment (n = 52). The effect of HIV exposure status on
treatment failure at 48 hours was unchanged in these sen-
sitivity analyses (data not shown).

As infant-feeding practices may contribute to the ob-
served differences in treatment outcomes by HIV exposure

Figure 2. Summary of (a) treatment failure at 48 hours and (b) in-hospital mor-
tality among N = 238 children aged 1–23 months with pneumonia at a tertiary
hospital in Gaborone, Botswana, according to human immunodeficiency virus
(HIV) status and age.

Table 2. Crude and Adjusted Risk Ratios (RR) or Mean Differences (MD) and 95% Confidence Intervals (CI) for Treatment
Outcomes According to Human Immunodeficiency Virus (HIV) Exposure Status Among N = 238 Children Aged 1–23 Mo With
Pneumonia in Gaborone, Botswana, April 2012–October 2013

Crude Adjustedb

RR or MD (95% CI) Pa RR or MD (95% CI) Pa

HIV-EU vs. HIV-unexposed
Primary outcome
Treatment failure at 48 h 1.99 (1.35, 2.93) .0005 1.83 (1.27, 2.64) 0.001

Secondary outcomes
Days of supplemental oxygen +0.88 days (−0.54, +2.31 days) .22 +0.68 days (−0.73, +2.09 days) 0.35
Days of CPAP or mechanical ventilation +0.55 days (+0.15, +0.95 days) .008 +0.49 days (+0.10, +0.89 days) 0.02
Length of stay, days +1.89 days (0.00, +3.78 days) .05 +1.74 days (−0.12, +3.61 days) 0.07
In-hospital mortality 4.78 (1.49, 15.32) .009 4.31 (1.44, 12.87) 0.01

HIV-infected vs. HIV-unexposed
Primary outcome
Treatment failure at 48 h 2.55 (1.61, 4.03) <.0001 2.08 (1.39, 3.12) 0.0004

Secondary outcomes
Days of supplemental oxygen +7.27 days (+5.00, +9.54 days) <.0001 +6.84 days (+4.58, +9.10 days) <0.0001
Days of CPAP or mechanical ventilation +1.08 days (+0.44, +1.73 days) .001 +0.95 days (+0.31, +1.59 days) 0.004
Length of stay, days +12.29 days (+9.28, +15.29 days) <.0001 +11.82 days (+8.83, +14.80 days) <0.0001
In-hospital mortalityc 3.83 (0.75, 19.56) .11 3.05 (0.66, 14.06) 0.15

Abbreviations: HIV-EU, HIV-exposed uninfected; CPAP, continuous positive airway pressure.
aWald χ2 P values.
bRisk ratios (or differences in means) estimated from Cox proportional hazards models (or linear regression models) adjusted for age and proximity to health care services.
cEstimates are based on only N = 2 deaths among HIV-infected children.
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status, we sought to examinewhether current breastfeeding
was associated with treatment failure within categories of
HIV exposure status. Only 4 HIV-EU and 7 HIV-infected
children were breastfeeding at enrollment, and we did not
have sufficient power to assess whether reduced breastfeed-
ing contributed to the poor outcomes of these children.
However, current breastfeeding did not alter the risk of
treatment failure among HIV-unexposed children (RR:
0.85, 95% CI: 0.46–1.56, P = .59) in analyses adjusting
for age and low birth weight.

Antimicrobial Treatment

One hundred fifty (63%) children received aWHO-recom-
mended antibiotic regimen during the first 48 hours, with
the most common regimen being ampicillin and gentamicin
(Table 3). Among children who did not receive antibiotics
or for whom antibiotics were discontinued before 48 hours
(n = 71), only 16% failed treatment and none died; 66%
had a discharge diagnosis of bronchiolitis. Six of 17
(35%) children who started antibiotics >6 hours after
presentation failed treatment, and one HIV-unexposed
child died.

Compared with HIV-unexposed children, HIV-EU chil-
dren were more likely to receive an initial regimen contain-
ing a third-generation cephalosporin (P = .03), and were
more often treated for PCP with high-dose TMP-SMX
(P < .0001). Thirty HIV-EU children failed treatment

at 48 hours, including 26 (87%) who received a WHO
antibiotic regimen and 15 (50%) who received a third-
generation cephalosporin. In multivariable analyses limit-
ed to HIV-EU children, treatment with a third-generation
cephalosporin did not reduce the risk of treatment failure
compared with ampicillin and gentamicin (RR: 1.01,
95% CI: 0.56–1.82, P = .98).

CONCLUSIONS

Among children with pneumonia in Botswana, HIV-EU
children were significantly more likely to fail treatment at
48 hours, required more days of CPAP or mechanical ven-
tilation, and had higher in-hospital mortality than
HIV-unexposed children. These differences in outcomes
by HIV exposure status were observed only among chil-
dren <6 months of age and were not attenuated by receipt
of second-line antimicrobial therapy.

There are several potential explanations for the poor
outcomes observed among HIV-EU children. In utero ex-
posure to HIV and antiretroviral medications results in a
broad spectrum of abnormalities of the adaptive and
innate immune systems. These immune abnormalities are
present at birth and resolve with age, although differences
in several parameters remain detectable until at least
24 months of age [22–24]. Abnormalities of lymphocyte
number are perhaps the most extensively studied, with

Table 3. Antimicrobial Treatment Regimens Received by N = 238 Children Aged 1–23Months from 0 to 48 H After Presentation
to a Tertiary Hospital in Gaborone, Botswana, April 2012–October 2013

N (column %)

Total
(N = 238)a

HIV-unexposed
(N = 153)

HIV-EU
(N = 64)

HIV-infected
(N = 20)

Received WHO antibiotic treatmentb 150 (63.0) 84 (54.9) 46 (71.9) 19 (95.0)
Amoxicillin (oral, >80 mg/kg per day)c,d 12 (5.0) 7 (4.6) 5 (7.8) 0 (0.0)
Ampicillin and gentamicin 84 (35.3) 53 (34.6) 23 (35.9) 7 (35.0)
Ampicillin and gentamicin only 60 (25.2) 41 (26.8) 13 (20.3) 5 (25.0)
Ampicillin, gentamicin and high-dose TMP-SMXe 4 (1.7) 0 (0.0) 3 (4.7) 1 (5.0)
Switched to amoxicillin (oral) before 48 hc 7 (2.9) 5 (3.3) 2 (3.1) 0 (0.0)
Switched to 3rd-gen cephalosporin ± vancomycin before 48 h 13 (5.5) 7 (2.9) 5 (7.8) 1 (5.0)

3rd-generation cephalosporin (ceftriaxone or ceftriaxone) 54 (22.7) 24 (15.7) 18 (28.1) 12 (60.0)
3rd-gen cephalosporin only 23 (9.7) 16 (10.5) 4 (6.3) 3 (15.0)
3rd-gen cephalosporin with vancomycin 12 (5.0) 7 (4.6) 3 (4.7) 2 (10.0)
3rd-gen cephalosporin and high-dose TMP-SMXe 5 (2.1) 0 (0.0) 2 (3.1) 3 (15.0)
3rd-gen cephalosporin, vancomycin, and high-dose TMP-SMXe 14 (5.9) 1 (0.7) 9 (14.1) 4 (20.0)

Did not receive WHO antibiotic treatment 88 (37.0) 69 (45.1) 18 (28.1) 1 (5.0)
Did not receive antibiotics 51 (21.4) 41 (26.8) 10 (15.6) 0 (0)
WHO antibiotic regimen started >6 h after presentation 17 (7.1) 10 (6.5) 7 (10.9) 1 (5.0)
WHO antibiotics discontinued before 48 h after presentation 20 (8.4) 18 (11.8) 2 (3.1) 0 (0)

Abbreviations: HIV-EU, human immunodeficiency virus–exposed uninfected; WHO, World Health Organization; TMP-SMX, trimethoprim-sulfamethoxazole.
aHIV exposure status could not be established for N = 1 child.
bChildren were considered to have received a WHO antibiotic regimen if they were on a regimen that included at least the recommended antibiotic(s), even if the child
received additional antimicrobial agents.
cAmoxicillin is recommended only for treatment of nonsevere pneumonia in HIV-negative children; all N = 19 children who received this treatment were HIV-negative
and had nonsevere disease.
dN = 7 children received treatment with amoxicillin-clavulanate.
eN = 15 (65%) children who received high-dose trimethoprim-sulfamethoxazole also received corticosteroids.
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HIV-EU infants having fewer naïve and total CD4+ lym-
phocytes and CD8+ lymphocytes than HIV-unexposed
infants [22, 25, 26]. These abnormalities appear to be
more pronounced among HIV-EU infants exposed in
utero to antiretroviral therapy. However, small but signifi-
cant reductions in lymphocyte number are still observed
among HIV-EU infants whose mothers did not receive an-
tiretroviral therapy, suggesting that exposure to an altered
maternal immune system or HIV itself might also contrib-
ute [23–25,27].HIV-EU infants also have lower neutrophil
counts, altered cytokine production, and acquire lower lev-
els of maternal antibodies specific to many common patho-
gens including Streptococcus pneumoniae [22–25, 28, 29].
Finally, breastfeeding has established immunologic be-
nefits and reduces pneumonia incidence and all-cause
mortality among HIV-EU infants in developing countries
[30–33].
Although reserved for second-line therapy in current

WHO guidelines, third-generation cephalosporins are
widely available alternatives that provide improved cover-
age of several bacterial pathogens, including penicillin-
resistant S pneumoniae and some Gram-negative bacteria.
Few studies have compared the effectiveness of third-
generation cephalosporins to other antimicrobial regimens
used to treat childhood pneumonia. A recent study that ex-
amined data from 43 children’s hospitals in the United
States reported similar outcomes among hospitalized chil-
dren treated with a third-generation cephalosporin or am-
picillin (or penicillin) [34]. In our cohort, receipt of a
third-generation cephalosporin did not reduce the risk of
treatment failure among HIV-EU children compared with
ampicillin and gentamicin. This may relate to the relatively
small differences in spectra between these antimicrobial
regimens, or to the importance of pathogens not treated
by either regimen, including respiratory viruses and tuber-
culosis. Several case series also describe PCP among
HIV-EU infants, and McNally et al detected P jirovecii
from bronchoalveolar lavage in one-third of HIV-EU chil-
dren failing treatment at 48 hours [12, 35, 36]. Although
microbiological confirmation was not possible in our set-
ting, 4 HIV-EU children met clinical criteria for probable
PCP and 3 of these children died, suggesting that PCP
may have contributed to the increased mortality observed
among HIV-EU children.
Our study has several limitations. First, this research was

conducted at a tertiary hospital staffed by pediatricians
with access to CPAP and mechanical ventilation, and the
findings may not be generalizable to facilities with more
limited capabilities. Second, HIV testing of children at en-
rollment was at the discretion of the clinical team, and it is
possible that a child classified as HIV-EU might have been

infected through recent breastfeeding. However, the effect
of HIV exposure on the risk of treatment failure was un-
changed in sensitivity analyses excluding HIV-EU children
who were not tested for HIV at enrollment or HIV-EU and
HIV-unexposed children who had breastfed in the prior 6
weeks or were not yet 6 weeks of age. False-negative HIV
testing is also unlikely as the HIV tests we used have sensi-
tivity >98–99% for the diagnosis of HIV-1 infection [37–
39]. Given the observational study design, antibiotic regi-
mens were not systematically assigned to study partici-
pants, and the potential for unmeasured confounding by
indication exists. Our case definition for PCP may also
not reliably estimate the contribution of P jirovecii to the
poor outcomes of HIV-EU and HIV-infected children.
Finally, few HIV-EU infants in our cohort were breastfed,
and we did not have statistical power to determine whether
reduced breastfeeding contributed to the poor outcomes of
these children. Current breastfeeding did not prevent treat-
ment failure among HIV-unexposed children, but a benefit
of breastfeeding on clinical outcomes may differ by HIV
exposure status.

Our results indicate that HIV exposure is associated with
treatment failure and mortality among HIV-uninfected
children with WHO-defined pneumonia during the first
6 months of life. Treatment with a third-generation cepha-
losporin did not prevent treatment failure among HIV-EU
children, suggesting that altering treatment recommenda-
tions to expand coverage of typical bacterial pathogens
may not improve outcomes among these children.
Further research is needed to confirm these findings and
to investigate the roles of infant feeding practices and
PCP in mediating the poor outcomes of HIV-EU children
meeting clinical criteria for pneumonia.
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