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Abstract

Objectives: Increased risk of morbidity and hospitalization has been observed in children who 

are HIV-exposed uninfected (HEU) compared to HIV-unexposed uninfected (HUU). Studies in the 

era of universal maternal antiretroviral treatment (ART) are limited.
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Design: Prospective cohort.

Methods: We investigated hospitalization between 29 days and 12 months of life in a South 

African cohort of infants born February 2017 - January 2019 (HEU=455; HUU=458). All mothers 

known with HIV during pregnancy received ART. We reviewed hospital records and classified 

and graded infectious diagnoses using a standardized tool. We examined factors associated with 

infectious-cause hospitalization using mixed-effects Poisson regression.

Results: Infants HEU vs. HUU had higher all-cause and infectious-cause hospitalization (13% 

vs. 7%, p=0.004 and 10% vs. 6%, p=0.014 respectively). Infectious causes accounted for most 

hospitalizations (77%). More infants HEU were hospitalized with severe or very severe infections 

than those HUU (9% vs. 6%, p=0.031). Mortality (<1%) did not differ between groups. HIV 

exposure was a significant risk factor for infectious-cause hospitalization (aIRR=2.8; 95% CI 

1.5-5.4). Although increased incidence of preterm birth (14% vs. 10%; p<0.05) and shorter 

duration of breastfeeding (44% vs. 68% breastfed for ≥3 months, p<0.001) among infants HEU vs. 

HUU contributed to increased hospitalization, they did not account for all the increased risk.

Conclusion: Infectious-cause hospitalization incidence was higher among infants HEU vs. 

HUU, likely partly due to higher incidence of preterm birth and lower breastfeeding rates among 

infants HEU. The increased infectious disease burden in HEU infants has important implications 

for health services in sub-Saharan Africa.
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Introduction

In 2018, ~15 million children were HIV-exposed but uninfected (HEU) globally, of 

whom 13 million resided in sub-Saharan Africa[1]. In South Africa, where antenatal HIV 

prevalence is high (31%) and early vertical transmission rates are low (<3%), children HEU 

form a substantial and growing population[2,3]. Infants HEU are more likely to be preterm, 

have lower birthweight and be small-for-gestational age than infants HIV-unexposed and 

uninfected (HUU) [4-10]. Preterm birth in turn is a risk factor for morbidity, hospitalization 

and infant mortality [11,12].

A meta-analysis found that infants HEU have a 50% and 70% increased risk of diarrhoea 

and pneumonia, respectively, in the first 6 months of life, compared to infants HUU [13]. 

Infants HEU have increased risk of hospitalization in the first year of life and higher 

mortality than infants HUU, predominantly due to infectious causes [8,14-20]. Although 

causes of morbidity in infants HEU vs. HUU are similar, they occur with greater severity 

in infants HEU, resulting in more frequent hospitalization and higher mortality [21]. Poorer 

maternal education, suboptimal vaccination and breastfeeding, lower maternal CD4 counts, 

ART initiation during pregnancy vs. before conception and elevated maternal viral load 

(VL) at delivery have been associated with increased risk of infectious morbidity and 

hospitalization in infants HEU [15-18,22-26].
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More accurate evaluation of the health risks and needs of children HEU, particularly in 

resource-limited settings, is a research priority [27,28]. Much of the existing evidence 

of infectious morbidity in infants HEU predates the era of universal maternal ART. We 

previously found similar all-cause and infection-related hospitalization rates in a cohort of 

neonates HEU vs. HUU, although hospitalized neonates HEU had increased risk of very 

preterm birth, very low birthweight and intensive care admission [29]. In this additional 

analysis of the cohort, we describe hospitalization patterns in the post-neonatal period until 

1 year of age and we examine maternal and infant factors associated with infectious-cause 

hospitalization.

Methods

Study population

We conducted a prospective cohort study of pregnant women and their infants at a large 

primary maternity care facility in Gugulethu, a lower-income area in Cape Town, South 

Africa. From January 2017-July 2018, consecutive pregnant women aged ≥18 years, with 

and without HIV, were enrolled if: they were attending their first antenatal visit during the 

current pregnancy at the facility (before onset of labor); their HIV status was confirmed 

through routine testing previously or at the current visit; they planned to reside with their 

infants in Cape Town until at least 1 year postpartum; and they provided informed consent to 

participate and allow researchers to access medical records.

Study procedures

Data sources included: interview-based measures; clinical assessments; routine electronic 

data; and medical record reviews of hospitalizations. Study visits occurred around routinely 

scheduled antenatal and postnatal clinic visits. At the first antenatal visit, baseline maternal 

demographic and clinical information was recorded. At postnatal visits (at ≤7 days; 10 

weeks; 6 months; and 12 months): women were interviewed about infant feeding practices; 

vaccination data were abstracted from patient-held records; and infants were weighed and 

measured after removing clothing and diapers.

Infant hospitalization was tracked through the provincial hospital admissions system, 

facilitated by the Western Cape Provincial Health Data Centre (WCPHDC), a health 

information system which links individuals via unique health identifiers to a range 

of datasets, including outpatient visits, pharmacy records, laboratory results and 

hospitalizations [30]. Each unique identifier, referred to as the Patient Master Index (PMI), is 

issued to infants at birth, linked to the maternal PMI, and enables electronic identification of 

public-sector hospitalizations within the province. The WCPHDC established an electronic 

alert system for all enrolled infants, whereby we were notified via daily, automated email 

alerts of hospitalizations linked to the PMI. Because intention to reside in Cape Town 

was a study inclusion criterion, we anticipated that most hospitalizations would occur in 

Cape Town or surrounding areas. After infants were discharged home, the study doctor 

reviewed medical records related to hospitalizations at provincial hospitals. We excluded 

hospitalizations commencing during the neonatal period (from birth/day 0-day 28 of life) 

and infants who died during the neonatal period or during hospitalizations commencing 
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during the neonatal period. We collected detailed data on reasons for hospitalization and 

severity of illness using standardized case report forms. Study data were managed using 

REDCap electronic data capture tools hosted at the University of Cape Town [31]. The 

study was approved by the Western Cape Department of Health Provincial Health Research 

Committee (REF WC_2016RP6_286) and ethics approval was granted by the Human 

Research Ethics Committee at the University of Cape Town (REF 541/2015 and 749/2015).

Definitions

For classification of infection-related diagnoses, we used the modified Pediatric Infectious 

Event Tool for Research (PIETR), previously used in a Cape Town study of infants HEU 

[32]. The tool includes case definitions for classification and grading (mild/moderate, severe 

or very severe) of infectious diagnoses, including respiratory tract infections, diarrhoeal 

disease, skin and mucocutaneous infections, invasive bacterial infections and congenital 

infections. If criteria for severe infections persisted for ≥2 days after hospitalization, they 

were graded as very severe. For PIETR case definitions, see Supplemental Digital Content, 

Table 1.

Preterm and very preterm births were defined as live births at <37 and <32 completed weeks 

gestation, respectively. We reported congenital anomalies listed by the Centers for Disease 

Control and Prevention as ‘major congenital defects,’ tracked by the Metropolitan Atlanta 

Congenital Defects Program [33]. If breastfeeding ceased but duration was not explicitly 

reported, we used last study visit or hospitalization with a report of breastfeeding as the date 

of cessation. We censored breastfeeding data at age 12 months. We recorded maternal CD4 

counts closest to delivery date (within 12 months before or after delivery date); and maternal 

VL measurements closest to delivery date (during pregnancy or ≤7 days after delivery). 

National guidelines during the study period recommended PCR HIV testing of HIV-exposed 

infants at birth and 10 weeks; and 6 weeks after breastfeeding cessation [34]. We regarded 

PCRs conducted within the first 7 days of life as birth PCRs; and between 6-14 weeks as 10 

week PCRs. Infants with positive PCRs were censored from the study at the last time point 

known to be HIV-uninfected. In women who test HIV negative during pregnancy, national 

guidelines recommend repeat HIV testing: in labor or immediately post-delivery; at 6 weeks 

post-delivery; and every 3 months while breastfeeding [34].

We defined all vaccinations as up-to-date if inspection of vaccination records confirmed 

that: all vaccinations routinely prescribed [35] up until 14 weeks were administered by 

16 weeks; measles vaccine prescribed at 6 months was administered by 28 weeks; and 

pneumococcal vaccine booster prescribed at 9 months was administered by 41 weeks. We 

used anthropometric data from postnatal visits to assess prevalence of chronic malnutrition, 

using stunting as a proxy. Length-for-age Z-scores (LAZ) were calculated using the WHO 

Anthro Survey Analyser [36]. We excluded values <−6 or >6 as implausible. We used 

available LAZ at 6 months (183 days ± 42 days) and 12 months (365 days ± 42 days) 

to describe proportions of infants with stunting at each time point. We defined stunting as 

LAZ<−2 and severe stunting as LAZ<−3.
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Data analysis

We compared characteristics and pregnancy outcomes of women living with vs. without 

HIV, as well as characteristics of infants HEU vs. HUU, using the Chi-squared test or 

Fisher’s exact test if expected cell frequencies were <5. We used the two-sample t-test to 

compare means between groups. We described non-normally distributed data using medians 

and interquartile ranges (IQR) and used the Wilcoxon sum rank test to compare medians. We 

calculated crude all-cause and infectious-cause hospitalization rates (per 100 child-years). 

We used random-effects Poisson regression models to calculate unadjusted and adjusted 

incidence rate ratios (IRR/aIRR) for infectious-cause hospitalization among infants HEU vs. 

HUU. We adjusted for potential confounders and clustered by infant. We assigned infant 

sex, vaccination, maternal age, education and type of housing as potential confounders a 
priori. Breastfeeding duration and preterm delivery were evaluated as potential mediators in 

separate models. We also performed stratified analyses conditioned on breastfeeding status 

at 3 months. Among infants HEU, we examined maternal HIV-related factors (CD4, VL 

and ART) for associations with infectious-cause hospitalization. We excluded second-born 

twins and infants with major congenital anomalies regarded as high-risk for infection-related 

hospitalization from all regression analyses. We allocated twins as first- vs. second-born 

according to their birth order which is conventionally indicated in their medical and 

electronic records as “Twin A” vs. “Twin B.”

We aimed to enrol 900 pregnant women, half living with HIV. Based on a test of proportions 

for independent groups, using a 2-tailed α= 0.05 and allowing for ~10% attrition, we 

calculated a sample size of 400 infants in each group would provide 85% power to detect 

a relative increase of 75% in the proportion of infants HEU with ≥1 infectious-cause 

hospitalization ≤12 months of age, assuming this would be 10% in infants HUU.

We calculated person-time (child-years) from day 29 of life until censoring at either 12 

months of age, last date HIV uninfected or date of death (if <12 months). We excluded 

periods of hospitalization from person-time at-risk for hospitalization. Because it is common 

practice in South Africa for children to relocate to other provinces for care by relatives for 

extended periods, we performed sensitivity analyses with person-time adjusted for infants 

who spent time in other provinces. If exact travel dates were unknown, infants with reports 

of time spent in other provinces were censored at the date last known to be in the Western 

Cape province (using the most recent of either last study visit or last known date of any 

provincial public healthcare system encounter, identified electronically by the WCPHDC). 

Infants re-entered the study if and when there was evidence of their return to the province 

<12 months. Analyses were performed using Stata 14 (College Station, TX: StataCorp LP).

Results

We enrolled 991 pregnant women (487 with HIV; 504 without) (Figure 1). Loss to follow-up 

(unknown pregnancy outcomes or unknown infant PMIs) occurred in 3% of mother-infant 

pairs in both groups; relocation to another province was reported in 70% of those lost to 

follow-up. Characteristics of mothers with included infants (n=897) are shown in Table 1. 

Women with HIV were older, fewer completed secondary schooling and a larger proportion 

had previous tuberculosis. Socio-economic conditions (type of housing and access to 
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household amenities) were similar in both groups. Among women with HIV, 53% were 

on ART at conception; 27% initiated ART for the first time at enrolment (during pregnancy); 

and 19% had evidence of previous ART and then ‘resumed’ ART during pregnancy. Among 

women with available data, 88% had VL <400 copies/ml at the measurement closest to 

delivery and mean CD4 count was 488 cells/μl (95% CI 466-511). The maternal cohort was 

previously described [29].

We followed up 913 infants with known PMIs (HUU=458; HEU=455), born February 

2017-January 2019 (Table 1). Infants HEU vs. HUU had lower birthweight, more preterm 

and very preterm births; included more twins and were breastfed for shorter duration 

(median duration 3 vs 6 months, p<0.001). Infants HEU vs. HUU had higher all-cause 

and infectious-cause hospitalization between age 29 days-12 months (13% vs. 7%, p=0.004 

and 10% vs. 6%, p=0.014 respectively). Mortality did not differ between groups (<1% in 

each group). No deaths occurred during hospitalization, all were self-reported by mothers 

and causes of death are unknown. Overall prevalence of severe stunting was 9% at 6 

months and 4% at 12 months, with no significant differences between groups. Among 

infants with full vaccination details available (70%), more infants HEU vs. HUU were 

up-to-date with all vaccinations (62% vs. 51%; p=0.003). Difficulties with breastfeeding 

(lactation issues/insufficient milk/mastitis etc.) were reported as the most common reason 

for stopping breastfeeding <3 months (34%). A substantial proportion of mothers with HIV 

(22%) reported stopping breastfeeding <3 months due to concerns about HIV transmission.

Birth HIV-PCR was recorded in 96% of all neonates born to women with HIV and in 77% 

of eligible infants at 10 weeks. Of those not tested at 10 weeks, an additional 8% were tested 

subsequently but 15% of infants had no record of retesting after birth (up to 12 months). 

Seven HIV-exposed infants were known to be vertically HIV-infected. Of these, 5 were 

excluded from analysis: 2 with positive birth PCRs; 1 with negative birth PCR but positive 

10 week PCR; 1 with negative birth PCR, no 10 week PCR and positive PCR later; and 1 

with no birth or 10 week PCR but positive PCR later. Two infants tested PCR negative at 10 

weeks but positive thereafter; they were included in analysis but were censored at 10 weeks.

Figure 2A shows number of infection-related hospitalizations per infant, stratified by prior 

(all-cause) neonatal hospitalization and HIV exposure status. Among infants hospitalized in 

the postnatal period for infection-related causes, 26% of infants HEU (n=12/47) vs. 30% 

of infants HUU (n=8/27) were previously hospitalized (all causes) in the neonatal period 

(p=0.702). Figure 2B shows age at infectious-cause hospitalization in infants HEU vs. HUU. 

In infants HUU, the number of hospitalizations per month peaked at 4-6 months, whereas 

in infants HEU, monthly hospitalizations reached twice the number and peaked at 8 months. 

Table 2 shows characteristics of all hospitalized infants and reasons for hospitalization. A 

notable proportion were previously hospitalized as neonates (30%) and were born preterm 

(20%), with no significant differences between HEU vs. HUU groups. Infections were 

diagnosed in 77% of all hospitalizations, with respiratory tract infections present in 84% of 

infectious-cause hospitalizations. Although the proportions of hospitalizations associated 

with different categories or different severity of infections did not differ significantly 

between infants HEU vs. HUU, among the whole infant cohort, more infants HEU were 

hospitalized with severe or very severe infections during the study period (9% vs. 6%, 
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p=0.031). Among all infants, crude incidence rate for all-cause hospitalization was 20.7 

(HEU) vs. 9.5 (HUU) per 100 child-years (IRR=2.2; 95% CI 1.5-3.2), and for infectious

cause hospitalization was 15.6 (HEU) vs. 7.6 (HUU) per 100 child-years (IRR=2.1; 95% CI 

1.3-3.2).

Table 3 shows random-effects Poisson regression results. Unadjusted analyses showed 

higher infectious-cause hospitalization rates associated with preterm/very preterm birth, 

low/very low birthweight and previous neonatal all-cause/infection-related hospitalization. 

Lower rates were associated with up-to-date vaccination and longer duration of 

breastfeeding. Adjusted for potential confounders (infant sex and vaccination status; 

maternal age, education and type of housing), aIRR=2.8 (95% CI 1.5-5.4) for infectious

cause hospitalization among infants HEU vs. HUU (Model “A”). Increased maternal age and 

up-to-date vaccination status were associated with decreased rates of hospitalization.

The association of HIV exposure with infectious-cause hospitalization remained significant 

(aIRR=2.0; 95% CI 1.0-3.8) when breastfeeding duration and preterm birth were 

incorporated in a separate model (“B”) to evaluate their potential effects as mediators. Both 

were significant mediators of infectious-cause hospitalization: infant hospitalization rates 

were 10% lower for each month of breastfeeding and twice as high if infants were preterm. 

In stratified analysis conditioned on breastfeeding status at 3 months (refitting Model “A”), 

hospitalization rates were significantly higher in infants HEU vs. HUU who breastfed for 

<3 months (aIRR=3.5; 95% CI 1.1-11.0) and even in those who continued breastfeeding 

≥3 months, rates were double (aIRR=2.4; 95% CI 0.9-6.2). Among infants HEU, we 

evaluated maternal HIV-related factors for associations with infectious-cause hospitalization. 

In adjusted models (“C” and “D”; with and without mediators), neither maternal CD4 count, 

VL nor timing of ART initiation were significantly associated with infant infectious-cause 

hospitalization (Table 3).

In all mixed-effects Poisson models, random effects at individual level showed significant 

variability, indicating that factors not included in the models could be having an effect. 

Random effects may represent either infant or maternal factors as their identities in the 

models were synonymous. Due to the large amount of missing vaccination data (30%) and 

the potential for this to create bias in regression models, we conducted sensitivity analyses 

excluding vaccination status as well as including vaccination status as unknown. Findings 

were reassuringly similar, as were those adjusted for time potentially out-of-province (see 

Supplemental Digital Content, Table 2 and 3). Because a considerable number of HIV

exposed infants (n=68; 15%) had low certainty of HIV infection status, (i.e. not tested for 

HIV at ≥6 weeks of age), we conducted additional sensitivity analyses excluding these 

infants. The association of HIV exposure with infectious-cause hospitalization remained 

similar after refitting Models “A” and “B” (aIRR=3.07 (95% CI 1.59-5.90 and aIRR=2.03 

(95% CI 1.04-3.94) respectively) (see Supplemental Digital Content, Table 4).

Discussion

We found increased incidence rates of infectious-cause hospitalization in infants HEU 

vs. HUU (aIRR=2.8; 95% CI 1.5-5.4). Other studies report similar findings [8,15,18,32]. 
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Although this did not result in mortality differences in our urban setting with good access 

to oxygen, respiratory support and intensive care, this difference could result in mortality 

differences in other contexts where access to hospital care is insufficient to mitigate the 

increased infectious disease morbidity in infants HEU. Considering the size of the global 

infant HEU population, increases in morbidity and hospitalization among infants HEU will 

add considerable burden to the paediatric healthcare services.

Increased incidence of preterm birth and shorter duration of breastfeeding among infants 

HEU contributed to increased hospitalization but did not account for all the risk. Causal 

mechanisms by which HIV exposure predispose infants to worse morbidity should continue 

to be investigated, although it is difficult to disentangle the effects of HIV/ART exposure 

and social disadvantages on infant outcomes. In this post-neonatal survivor cohort, we did 

not find significant associations between infant infectious-cause hospitalization and maternal 

CD4 count, VL or timing of ART initiation, although we previously found neonates HEU 

were 3 times more likely to be preterm if women initiated/resumed ART in the first 

trimester vs. prior to conception and 6 times more likely to be very preterm if women were 

viremic (VL>400 copies/ml) near delivery.[29] Although differences in housing and access 

to indoor toilets and running water were not significant, women with HIV had poorer living 

conditions and level of education. Addressing poverty and structural inequalities (education 

and housing) will likely improve child health outcomes.

Overall rates of timely infant vaccination were poor in both groups. More infants HEU 

were up-to-date with vaccinations; this may be fortuitous due to increased contact with 

healthcare services as mothers with HIV attend services regularly for HIV treatment, or 

perhaps mothers with HIV comply better with infant vaccination/clinic/study visits because 

of HIV transmission concerns. The protective association noted between vaccination status 

and infant hospitalization may be a proxy for connection to healthcare services rather than 

protection against vaccine-preventable infections per se.

Although contributing to risk, neither up-to-date vaccination nor longer breastfeeding fully 

mitigated the effects of HIV exposure on hospitalization risk. Nevertheless, breastfeeding is 

crucial for child health, development and survival. In countries with high HIV prevalence 

and settings in which diarrhoea, pneumonia and undernutrition are common causes of infant 

mortality, WHO guidelines strongly recommend that in the context of universal maternal 

ART, mothers with HIV should breastfeed for at least 12 months [37]. In this cohort, only 

40% of women overall breastfed for ≥6 months; significantly fewer women with HIV than 

without (28% vs. 52%; p<0.001). There is a need to actively implement services/activities 

in healthcare facilities, workplaces, communities and homes to protect, promote and support 

breastfeeding, especially among women with HIV (provided they are virally suppressed). 

Although exclusive breastfeeding is recommended, women with HIV who do not or cannot 

exclusively breastfeed should be reassured that ART reduces the risk of postnatal HIV 

transmission and practicing mixed feeding is not a reason to stop breastfeeding [37]. Women 

who do not plan to breastfeed for 12 months should be reassured that shorter durations of 

breastfeeding are better than never initiating breastfeeding at all.
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Birth PCR testing was well-implemented in this cohort (96%), but it is concerning that only 

77% of HIV-exposed infants received testing at 10 weeks, and that at age 12 months, 15% of 

HIV-exposed infants had no record of further PCR testing in the province since birth. This 

may be due to healthcare workers not implementing guidelines adequately or mothers not 

presenting their infants for follow-up care. Furthermore, population mobility (particularly 

to other provinces) and fragmentation of healthcare systems could make it difficult for 

healthcare workers to identify whether infants were HIV-exposed and require testing.

Unique strengths of the study are the ability to examine contemporaneous cohorts of infants 

HEU and HUU during the universal ART era, with standardized outcome definitions applied 

systematically by a neutral observer and not relying on the treating clinicians’ diagnoses. 

The 2 groups of women were comparable; all resided in the same area and in similar 

socio-economic conditions. However, despite adjustment for possible confounders, the 

potential for unmeasured differences and residual confounding exists. More infants HEU vs. 

HUU were hospitalized with severe or very severe infections, suggesting that the increased 

incidence of infectious-cause hospitalization among infants HEU is unlikely due to “over

hospitalization bias”, whereby infants HEU without severe illness may be hospitalized as 

a “precautionary” measure. We were able to track hospitalizations electronically within the 

province, therefore loss to follow-up was minimal. However, a potential weakness of the 

study is that we may have missed hospitalization or deaths in other provinces of South 

Africa, as well as out-of-hospital deaths. Several infants (10%) were known to have spent 

time in other provinces and we did not have hospitalization data for these periods. Details 

of the deaths were not documented; they occurred out of hospital and were self-reported by 

the mothers. Specific infectious-cause aetiologic agents could not be evaluated. There was 

the potential for misclassification of infant HIV infection and exposure status, as 15% of 

(known) HIV-exposed infants did not have 10 week (i.e. 6-14 week) or later PCR testing, nor 

was reliable data available on postnatal HIV testing among women without HIV. However, 

findings were robust in sensitivity analyses when infants with low certainty of HIV infection 

status were excluded.

Conclusion

We observed an increased rate of infectious-cause hospitalization among infants HEU vs. 

HUU. Higher incidence of preterm birth and lower breastfeeding rates among infants HEU 

contributed to the risk. Interventions to support breastfeeding could partially mitigate this 

risk. Considering the substantial size of the infant HEU population, the increased infectious 

disease burden in these infants will place increased strain on pediatric health services in 

sub-Saharan Africa.
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Figure 1: Flow diagram of study participants
(a miscarriage was defined as pregnancy loss <20 weeks gestation; stillbirth as babies born 

with no signs of life ≥20 weeks' gestation; b includes women in whom pregnancy outcomes 

were unknown as well as women with pregnancies that resulted in live births but infant 

Patient Master Index could not be traced (therefore electronic tracking was not possible); c 

mother was HIV negative at delivery but seroconverted thereafter)
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Figure 2: Number of infection-related hospitalizations in infants aged 29 to 365 days, stratified 
by HIV exposure status. (A) Total number per infant, stratified by whether the infant had 
any prior (all-cause) neonatal hospitalization and (B) Number per month of age, stratified 
by whether first or recurrent hospitalization. n=47/455 (10%) HIV-exposed uninfected (HEU) 
infants and n=27/458 (6%) HIV-unexposed uninfected (HUU) infants with at least one 
hospitalization; <1% infants censored during the study period. Hospitalization counts exclude 
neonatal period hospitalizations; none of the recurrent hospitalizations were readmissions within 
7 days for the same condition.
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