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Abstract

We enrolled 1323 hospitalized infants aged <1 year in 2016–2018, and examined the association 

between HIV status and in-hospital mortality. After controlling for confounders, HIV-exposed 

uninfected infants did not have an increased risk of mortality, whereas infants living with HIV had 

4 times greater risk compared with HIV-uninfected infants.
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INTRODUCTION

While infants living with HIV (HI) are known to be at increased risk of mortality 

compared with HIV unexposed uninfected (HUU) infants [1], the effect of HIV exposure 

on infant mortality is less well understood with much of the data from prior to widespread 

antiretroviral therapy (ART) use, and from non-African countries [2].

In a national antenatal survey in 2017, 31% of pregnant women in South Africa were 

living with HIV [3]. A national program for prevention of vertical transmission of HIV 

was implemented in 2002 and was expanded and improved over time so that from 2015 all 

women living with HIV were eligible for lifelong ART, irrespective of CD4 count, as well 

as the availability of combination therapy [4]. This program has successfully reduced the 

risk of vertical HIV transmission; however, there is a growing population of HIV-exposed 

uninfected (HEU) infants. In a meta-analysis in 2016 of 22 studies conducted between 1986 

and 2013, the pooled estimate showed that HEU infants had more than a 70% increased risk 

of all-cause mortality compared with HUU infants within the first 2 years of life, although 

there was heterogeneity between the individual studies [5].

We aimed to determine whether HIV exposure and HIV infection were associated with an 

increased risk of in-hospital mortality among infants hospitalized with acute medical illness, 

in the context of an established ART program.

METHODS

The Infant Burden Study was conducted to assess the burden of disease associated 

with influenza and other respiratory pathogens among hospitalized infants at 3 sentinel 

surveillance hospitals located in 3 (KwaZulu-Natal, Mpumalanga, and North West) 

provinces from July 2016 through October 2018. Surveillance officers enrolled infants aged 

<1 year admitted to the medical ward with acute (symptom onset ≤10 days) respiratory 

and non-respiratory medical illness (excluding trauma/surgical cases), including medical 

admissions to the ICU. Surveillance officers collected whole blood, and demographic and 

clinical information by structured interview with parent/caregiver and hospital record review. 

Infants were followed up until discharge or in-hospital death.

Infant HIV status was determined from standard of care testing during the admission, or 

through testing at enrollment by polymerase chain reaction (PCR). HUU infants were infants 

with a negative HIV result and a recently documented (<3 months) negative maternal HIV 

status. HEU infants were infants with a negative HIV result and a recently documented 

or verbally reported positive maternal HIV status, evidence that the mother was taking 

ART during pregnancy or post-partum. HI infants were infants with a recently documented 

positive HIV result, verbally reported by the parent/caregiver, or evidence that the infant was 

receiving ART. If the mother’s HIV status was unknown or a negative test result was from 

>3 months prior, the mother was offered voluntary counseling and testing.

A cross-sectional analysis was conducted to assess the association between infant HIV status 

and in-hospital mortality. Factors associated with mortality were assessed using univariate 

random effects logistic regression, accounting for clustering by site. Potential confounders 
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(P < .2) from this analysis were examined individually for their effect on the association 

between HIV status and mortality, with evidence of confounding considered if the main 

effect adjusted odds ratio (aOR) differed by >10% from the unadjusted odds ratio (OR) for 

either HI or HEU compared with HUU infants. Length of hospital stay, oxygen therapy, and 

intensive care unit admission were considered to be on the causal pathway, and not assessed 

for confounding. Multivariable random effects logistic regression accounting for clustering 

by site was performed, adjusting for the identified confounders. A priori variables included 

age, vaccination status, and feeding type.

Sensitivity analyses of the final model was performed by (1) comparing the risk of in-

hospital mortality in HI compared with HIV-uninfected (grouping together both HUU and 

HEU) infants, and (2) restricting the analysis to infants aged <6 months. Statistical analyses 

were performed using Stata version 14.0.

Ethical approval was obtained from the University of the Witwatersrand Human Research 

Ethics Committee (M140824) and University of KwaZulu-Natal Biomedical Research 

Ethics Committee (BE605/16). This surveillance was deemed non-research by the US 

Centers for Disease Control and Prevention.

RESULTS

During the study period, 1323 infants were enrolled, of which 1321 (99.8%) had known 

in-hospital outcome and 1296 (98.0%) had known HIV status. The most common admission 

diagnoses were pneumonia (538/1314, 40.9%) and diarrhea (191/1314, 14.5%), with 52.0% 

(683/1314) admitted with a respiratory diagnosis (Supplementary Table 1). Two percent 

(27/1321) of infants died while in hospital.

Overall, 55.8% (723/1296) of infants were HUU, 40.6% (526/1296) were HEU, and 3.6% 

(47/1296) were HI. Characteristics of enrolled infants by HIV status are shown in Table 1. 

The mortality ratio was 1.7% (12/721), 1.5% (8/526), and 12.8% (6/47) among HUU, HEU, 

and HI infants, respectively.

Among the 38/47 (80.9%) HI infants with information available, 92.1% (35/38) had 

mother’s that received ART during pregnancy. For 28 HI infants with available information, 

21 (75.0%) were receiving ART at the time of admission. Of 523 HEU infants with available 

data, 513 (98.1%) had mother’s that were receiving ART during pregnancy.

The OR for mortality for HEU infants was 0.99 (95% confidence interval (CI) 0.40–2.44) 

and for HI infants was 7.39 (95% CI 2.58–21.19), compared with HUU infants (Table 2). 

Infant mortality by demographic and clinical characteristics, stratified by HIV status, is 

shown in Supplementary Table 2. After adjusting for a priori confounders, as well as the 

identified confounders (malnutrition and maternal education, Supplementary Table 3), HEU 

infants were not at increased risk of mortality compared with HUU (aOR 0.80, 95% CI 

.31–2.09), whereas HI infants had over 4 times increased risk of death compared with HUU 

(aOR 4.79, 95% CI 1.49–15.37) (Table 2). Malnutrition and not being fully vaccinated were 

also associated with an increased risk of mortality.
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HI infants remained at increased risk of mortality compared with all HIV-uninfected 

(HUU and HEU) infants (Supplementary Table 4). When restricting to infants aged <6 

months, HI but not HEU, were at increased risk of mortality compared with HUU infants 

(Supplementary Table 5).

DISCUSSION

In the context of a mature program for prevention of vertical HIV transmission this study 

found that HI infants, but not HEU infants, were at increased risk of in-hospital mortality 

compared with HUU infants. Malnutrition and not being fully vaccinated for age were also 

identified as risk factors for in-hospital mortality.

The proportion of infants that were HEU and HI were higher than was expected based on the 

reported HIV prevalence (31%) of women who attended antenatal care in 2017 [3], as well 

as that reported in a cross-sectional survey conducted in 2012–2013 (33.1% HEU and 2.6% 

HI) [6]. This may be due to these studies having been conducted among pregnant women 

and infants presenting for routine immunization, whereas our study was conducted among 

admitted infants, with HEU and HI infants more likely to be hospitalized [7].

Previous studies examining the association between HIV exposure and mortality have 

reported conflicting results. In a study conducted in 2010–2013 among infants aged <6 

months hospitalized with lower respiratory tract infection in South Africa, HEU infants had 

2.1-times increased risk of mortality compared with HUU infants [8], although feeding 

type was not adjusted for. In another study, among infants aged <6 months in South 

Africa in 2012–2013, the risk of hospitalization or death was 4-fold higher among HEU 

infants compared with HUU [9], although the CI included 1. A more recent study in a 

South African cohort of infants <1 year in 2017–2019 showed that while infectious-cause 

hospitalization was higher for HEU than HUU infants, there was no difference in mortality 

[10]. Data from the Thembisa model showed that ART coverage among adult females in 

2018 in South Africa was 63% [11]. Use of ART in the mothers of HEU infants, and thereby 

improved health and well-being of the mother during and after pregnancy, would have likely 

resulted in transfer of protective maternal antibodies as well as improved infant care and 

nutrition.

Malnutrition was identified as a risk factor for mortality, with an increased mortality ratio in 

HUU, HEU, and HI infants compared with well-nourished infants with the same HIV status. 

Similarly, in the CHAMPS study in 7 countries in 2016–2020, malnutrition was identified as 

1 of 2 most common underlying conditions among infant deaths [12].

Our study had a number of limitations. First, maternal HIV status was determined by 

numerous methods, including self-report for mothers living with HIV. It is possible that 

there was misclassification of infant’s exposure status. Second, we did not determine 

whether the infant died subsequent to hospital discharge. Third, data were not collected for 

maternal characteristics that have been associated with increased infant mortality risk such 

as maternal health, vital status, and age and there may be residual confounding. Fourth, we 

may have been under-powered to detect an association between HIV exposure and mortality.
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Strengthening efforts to further decrease vertical HIV transmission, such as early and repeat 

HIV testing of pregnant women and maintenance of maternal viral suppression, remain 

essential to prevent infant HIV infection. In addition, ensuring HI infants are diagnosed and 

started on treatment early, and that infants are well nourished and fully vaccinated will help 

to further reduce infant mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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