
Journal of the Pediatric Infectious Diseases Society

646  •  JPIDS  2023:12  (December)  •  BRIEF REPORT

Association of HIV 
Exposure and HIV Infection 
With In-hospital Mortality 
Among Hospitalized Infants 
<1 Year of Age, South 
Africa, 2016–2018
Nicole Wolter,1,2,  Sibongile Walaza,1,3 Claire von Mollendorf,1  
Anne von Gottberg,1,2 Stefano Tempia,1 Meredith L. McMorrow,4,5 
Jocelyn Moyes,1,3 Florette Treurnicht,1,2 Orienka Hellferscee,1,2,  
Malefu Moleleki,1,2 Mvuyo Makhasi,1,3 Neydis Baute,6 and Cheryl Cohen1,3

1Centre for Respiratory Diseases and Meningitis, National Institute for Communicable 
Diseases of the National Health Laboratory Service, Johannesburg, South Africa, 
2School of Pathology, Faculty of Health Sciences, University of the Witwatersrand, 
Johannesburg, South Africa, 3School of Public Health, Faculty of Health Sciences, 
University of the Witwatersrand, Johannesburg, South Africa, 4Influenza Division, 
Centers for Disease Control and Prevention, Atlanta, GA, USA, 5Influenza Program, 
Centers for Disease Control and Prevention, Pretoria, South Africa, and 6Department 
of Paediatrics, Mapulaneng Hospital, Mpumalanga, South Africa

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 mor-
tality 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 im-
plemented 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 availa-
bility 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) in-
fants. In a meta-analysis in 2016 of 22 studies conducted be-
tween 1986 and 2013, the pooled estimate showed that HEU 
infants had more than a 70% increased risk of all-cause mor-
tality 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 surveil-
lance 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) respi-
ratory 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 in-
fants 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 as-
sociation between infant HIV status and in-hospital mortality. 
Factors associated with mortality were assessed using univar-
iate random effects logistic regression, accounting for clustering 
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by site. Potential confounders (P <  .2) from this analysis were 
examined individually for their effect on the association be-
tween 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, ox-
ygen 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 com-
pared 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 di-
agnosis (Supplementary Table 1). Two percent (27/1321) of in-
fants 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 avail-
able, 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% con-
fidence 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 iden-
tified 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 associ-
ated with an increased risk of mortality.

HI infants remained at increased risk of mortality com-
pared 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 in-
fants presenting for routine immunization, whereas our study 
was conducted among admitted infants, with HEU and HI in-
fants 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 hospitaliza-
tion 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 com-
pared with well-nourished infants with the same HIV status. 
Similarly, in the CHAMPS study in 7 countries in 2016–2020, 
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Table 1.  Characteristics of Infants <1 Year of Age Enrolled in the Infant Burden Study, Overall and by HIV Status, South Africa, July 2016–October 2018 
(N = 1323)

Variable Categories
No. (%)

N = 1323

HIV Unex-
posed Unin-
fected (HUU)

No. (%)
N = 723

HIV-exposed 
Uninfected 

(HEU)
No. (%)
N = 526

HEU vs HUU
P-valueg

Living 
with HIV 

(HI)
No. (%)
N = 47

HI vs. HUU
P-valueg

Site Mpumalanga 214 (16.2) 114 (15.8) 73 (13.9) .075 16 (34.0) .001

KwaZulu-Natal 683 (51.6) 364 (50.4) 299 (56.8) 12 (25.5)

North West 426 (32.2) 245 (33.9) 154 (29.3) 19 (40.4)

Year 2016 177 (13.4) 105 (14.5) 62 (11.8) .369 8 (17.0) .493

2017 575 (43.5) 308 (42.6) 229 (43.5) 23 (49.0)

2018 571 (43.2) 310 (42.9) 235 (44.7) 16 (34.0)

Sex Male 763 (57.7) 415 (57.4) 305 (58.0) .836 26 (55.3) .780

Female 560 (42.3) 308 (42.6) 221 (42.0) 21 (44.7)

Race Black 1303 (98.5) 706 (97.7) 523 (99.4) .013 47 (100.0) .288

Non-black 20 (1.5) 17 (2.3) 3 (0.6) 0 (0.0)

Age group (months) <1 108 (8.2) 56 (7.8) 51 (9.7) .344 1 (2.1) .177

1 to <3 364 (27.5) 207 (28.6) 137 (26.1) 10 (21.3)

3 to <6 335 (25.3) 188 (26.0) 120 (22.8) 15 (31.9)

6 to <9 277 (20.9) 148 (20.5) 118 (22.4) 8 (17.0)

9 to <12 239 (18.1) 124 (17.2) 100 (19.0) 13 (27.7)

Underlying conditiona No 1284 (97.0) 698 (96.5) 513 (97.5) .316 46 (97.9) .625

Yes 39 (3.0) 25 (3.5) 13 (2.5) 1 (2.1)

Malnutritionb No 975 (73.7) 556 (76.9) 382 (72.6) .145 21 (44.7) <.001

Yes 347 (26.2) 166 (23.0) 144 (27.4) 26 (55.3)

Unknown 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0)

Feeding type Exclusive breastfeeding 707 (53.4) 427 (59.1) 248 (47.2) <.001 21 (44.7) .066

Mixed feeding 240 (18.1) 142 (19.6) 82 (15.6) 12 (25.5)

Formula feeding 333 (25.2) 130 (18.0) 182 (34.6) 14 (29.8)

Unknown 43 (3.3) 24 (3.3) 14 (2.7) 0 (0.0)

Prematurityc No 1082 (81.8) 585 (80.9) 428 (81.4) .839 42 (89.4) .149

Yes 241 (18.2) 138 (19.1) 98 (18.6) 5 (10.6)

Birthweightd Normal 970 (73.3) 533 (73.7) 384 (73.0) .516 32 (68.1) .003

Low 282 (21.3) 153 (21.2) 121 (23.0) 7 (14.9)

Unknown 71 (5.4) 37 (5.1) 21 (4.0) 8 (17.0)

Vaccinatione Full coverage 964 (72.9) 530 (73.3) 378 (71.9) .646 37 (78.7) .013

No full coverage 307 (23.2) 167 (23.1) 132 (25.1) 5 (10.6)

Unknown 52 (3.9) 26 (3.6) 16 (3.0) 5 (10.6)

Admission diagnosisf Non-respiratory 631 (47.7) 320 (44.3) 283 (53.8) .003 17 (36.2) .470

Respiratory 683 (51.6) 399 (55.2) 239 (45.4) 30 (63.8)

Unknown 9 (0.7) 4 (0.6) 4 (0.8) 0 (0.0)

Maternal education level None/Primary 616 (46.6) 300 (41.5) 268 (51.0) .004 33 (70.2) .001

Secondary/Tertiary 694 (52.5) 414 (57.3) 254 (48.3) 14 (29.8)

Unknown 13 (1.0) 9 (1.2) 4 (0.8) 0 (0.0)

Outcome Survived 1294 (97.8) 709 (98.1) 518 (98.5) .473 41 (87.2) <.001

Died 27 (2.0) 12 (1.7) 8 (1.5) 6 (12.8)

Unknown 2 (0.2) 2 (0.3) 0 (0.0) 0 (0.0)
aUnderlying condition includes asthma, chronic lung, heart, liver or renal disease, stroke, sinusitis, organ transplant, anemia, immunosuppressive therapy, splenectomy, diabetes, burns, im-
munoglobulin deficiency, autoimmune disease, nephrotic syndrome, cancer, spinal cord injury, seizure disorder, cerebral palsy, congenital heart disease, other congenital disorder, obesity, 
or chronic gastrointestinal problems.
bMalnutrition defined as a weight-for-age <−2 standard deviations from the WHO mean Z-score.
cPrematurity defined as gestational age at birth of <37 weeks.
dLow infant birthweight defined as <2500 g.
eVaccination defined as full vaccine coverage for age, using the Haemophilus influenzae type b vaccine given as part of the routine infant immunization schedule at 6,10, 14 weeks as a proxy.
fAdmission diagnosis: respiratory diagnosis includes apnea, neonatal sepsis, bronchiolitis, pneumonia, tuberculosis, and bronchitis and non-respiratory diagnosis includes encephalitis, viral 
illness, diarrhea, febrile seizures, meningitis, sepsis (non-neonatal), and other diagnosis.
gChi-squared test calculated for known data (unknown excluded).
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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-re-
port 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 dis-
charge. Third, data were not collected for maternal character-
istics 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.

Strengthening efforts to further decrease vertical HIV trans-
mission, 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 Data
Supplementary materials are available at the Journal of The Pediatric 
Infectious Diseases Society online (http://jpids.oxfordjournals.org).
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