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Abstract

Background—With expansion of antiretroviral therapy (ART) programs, transmission rates are 

low but new infant infections still occur. We investigated predictors of pre-ART viral load (VL) 

and CD4+ T-cell counts and percentages in infants diagnosed with HIV at birth in a setting with 

high coverage of maternal ART and infant prophylaxis.

Methods—As part of an early treatment study, 97 infants with confirmed HIV-infection were 

identified at a hospital in Johannesburg, South Africa. Infant VL and CD4+ T-cell parameters were 

measured before ART initiation. Data were collected on maternal characteristics, including VL, 

CD4+ T-cell counts and ART, and infant characteristics, including sex, birth weight, and mode of 

delivery.
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Results—Pre-ART, median infant VL was 28,405 copies/ml (IQR: 2,515 – 218,150), CD4+ T-

cell count 1914 cells/mm3 (IQR: 1474 – 2639) and percentage 40.8% (IQR: 32.2 – 51.2). Most 

(80.4%) infants were born to mothers who received ART during pregnancy and 97.9% of infants 

received daily nevirapine prophylaxis until ART initiation at median of 2 days of age (IQR: 1 − 7). 

Infant pre-ART VL was more likely to be ≥1000 copies/ml when their mothers had VL ≥1000 

copies/ml (Odds Ratio [OR] 6.88; 95% CI:2.32, 20.41) and was higher in boys than girls (OR 

3.29; 95% CI: 1.07, 9.95). Lower maternal CD4+ T-cell count (<350 cells/mm3) was associated 

with lower infant CD4+ T-cell count (<1500 cells/mm3) (OR 3.59; 95% CI: 1.24, 10.43).

Conclusions—Pre-ART VL and CD4+ T-cell parameters of intrauterine-infected infants were 

associated with VL and CD4+ T-cell counts of their mothers. Maternal ART during pregnancy 

may begin treatment of intrauterine infection and/or may mask the severity of disease in infected 

infants identified in the current era with high maternal ART coverage.
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Introduction

Antiretroviral therapy (ART) is recommended for all pregnant women living with HIV, 

regardless of their CD4+ T-cell count or disease stage, to optimize maternal health and 

reduce the risk of vertical transmission.1 A major goal of ART is to reduce maternal HIV-1 

RNA viral load in the blood to undetectable levels, which in turn reduces the risk of 

perinatal transmission.2 ART should be initiated as early in pregnancy as possible, or 

preferably before, and should be continued through pregnancy, breastfeeding and beyond. 

Expansion of programs to improve access to timely and lifelong ART has dramatically 

reduced rates of vertical transmission globally but new infant HIV infections continue to 

occur. In the Southern and Eastern regions of Africa, new infant infections are due to a range 

of factors, including incident infections in pregnant women, failure to initiate or maintain 

maternal ART, and lack of retention in care through pregnancy and breastfeeding.3

While it is clear that maternal ART reduces transmission of HIV, less is known about the 

effect of maternal ART on early viral load dynamics in infants who acquire HIV in utero. 

Here we describe the pre-ART profile of viral load and CD4+ T-cell parameters in a cohort 

of intrauterine-infected infants identified as part of a birth testing program in Johannesburg, 

South Africa. South Africa has been able to achieve excellent coverage (87%) of 

pregnancies with maternal ART leading to low rates of transmission (<5%).4,5 In this 

context, we investigated associations between markers of maternal disease severity and 

maternal ART and pre-ART disease severity in infants. We hypothesized that maternal ART 

during pregnancy may begin treatment of infant HIV infection in utero resulting in a more 

favorable pre-ART profile among those infants who acquire HIV infection.
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Methods

Study population

Through a birth testing program that included both laboratory-based and point-of-care 

diagnostic tests for HIV at Rahima Moosa Mother and Child Hospital in Johannesburg, 

South Africa, we identified 108 intrauterine-infected infants between June 2014 and August 

2018 and enrolled them into an early treatment study.6 The protocols were approved by the 

Institutional Review Boards of Columbia University in New York, NY, USA and the 

University of the Witwatersrand in Johannesburg, South Africa. Mothers or legal guardians 

signed written informed consent for their own and their infant’s participation.

Measurements

Prior to initiation of ART, usually on the same day that ART was initiated, a quantitative 

HIV-1 RNA (viral load) was measured using the COBAS® AmpliPrep/COBAS® TaqMan® 

HIV-1 test, version 2.0 (Roche Molecular Systems, Inc., Branchburg, NJ). Also measured 

were neonatal pre-ART CD4+ T-cell counts and percentages (TruCount Method, BD 

Biosciences, Germany). Maternal HIV-1 RNA viral loads and CD4+ T-cell counts were 

measured during late pregnancy, or soon after delivery. Information on maternal 

demographics and ART during pregnancy was collected, as well as additional characteristics 

pertaining to the infants (sex, birth weight, gestational age, mode of delivery, feeding 

methods and antiretroviral prophylaxis).

Statistical analysis

We included in this analysis 97 mother-infant pairs who had both a maternal HIV-1 RNA 

viral load result and an infant pre-ART HIV-1 RNA viral load result collected in the first 28 

days of life. Descriptive statistics, including means and standard deviations (SD) or medians 

and interquartile ranges (IQR) for continuous variables or proportions for categorical 

variables, were used to describe the profile of the mother-infant pairs. Continuous variables 

of interest were dichotomized at clinically-relevant values (e.g. 350 cells/mm3 for maternal 

CD4+ T-cell count and 1000 copies/ml for viral load). Histograms and kernel density 

estimates were used to graphically depict the distribution of neonatal pre-treatment viral load 

(on the log10 scale) and CD4+ T-cell percentage and count. Logistic regression models were 

used to evaluate associations between maternal and infant characteristics (e.g. infant sex, 

mode of delivery, preterm birth, birthweight, maternal viral load, maternal CD4+ T-cell 

count, maternal ART) and neonatal pre-ART outcomes including viral load (≥1000 

copies/mL vs. <1000 copies/mL), CD4+ T-cell percentage (<30% vs. ≥30%), and CD4+ T-

cell count (<1500 vs. ≥1500 cells/mm3). Associations between two continuous variables 

were graphically depicted using scatterplots. Spearman correlation coefficients were used to 

assess correlations on a continuous scale. Differences in neonatal pre-ART viral load and 

CD4+ T-cell values between groups were illustrated by box and whisker plots and 

significance determined by Wilcoxon rank-sum tests. All analyses were conducted using 

SAS software version 9.4 (Cary, North Carolina, USA).
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Results

Characteristics of the 97 mother-infant pairs are presented in Supplemental Digital Content 1 

(Table). Mean maternal age was 27.9 years. Overall, 15.5% of mothers started ART prior to 

pregnancy, 64.9% initiated ART while pregnant (36.1% <12 weeks, 27.8% ≥12 weeks and 

1% at an unknown time), and 19.6% received no ART up until delivery. Of those on ART, 74 

(94.9%) were on an efavirenz-based regimen, 3 (3.8%) on a ritonavir-boosted lopinavir-

based regimen, and 1 (1.3%) on an unknown regimen. Of the 97 infants, 51.5% were female, 

mean birthweight was 2840 ± 547 grams (range: 905 – 4150) and 86.6% were born term 

(≥37 weeks of gestation). Three-quarters of infants (75.3%) were born by vaginal delivery 

and 78.4% initiated any breastfeeding.

Maternal viral load was measured at a median infant age of 1 day (IQR: 1 – 5) with a 

median of 38,459 copies/ml (IQR: 1,002 – 121,000) and 24.7% of mothers had a viral load 

<1,000 copies/ml (5.2% <50 copies/ml). Maternal CD4+ T-cell count was measured at a 

median infant age of 1 day (IQR: 1 – 4) with a median of 329 cells/mm3 (IQR: 207 ─ 569) 

and 53.6% had a CD4+ T-cell count <350 cells/mm3 (22.7% <200 cells/mm3). Pre-ART 

infant viral load was measured at a median infant age of 1 day (IQR: 1 – 6). Most newborns 

(97.9%, n=74) received nevirapine prophylaxis from birth, prior to the pre-ART 

measurement, until transition to ART. ART was started in this cohort at a median age of 2 

days (IQR: 1 −7, max 104 days).

The distribution of neonatal pre-ART viral load (log10 copies/ml) is shown in Figure 1A. 

The median neonatal pre-ART viral load was 28,405 copies/ml (IQR: 2,515 – 218,150). Of 

the 97 infants, 19.6% had a pre-ART viral load <1,000 copies/ml (none were below the 

detection threshold of the assay), 19.6% 1,000–9,999 copies/ml, 28.9% 10,000–99,999 

copies/ml, 22.7% 100,000–999,999 copies/ml, and 9.3% >1,000,000 copies/ml. The median 

neonatal pre-ART CD4+ T-cell percentage was 40.8% (IQR: 32.2 – 51.2) (Figure 1B) and 

CD4+ T-cell count was 1914 cells/mm3 (IQR: 1474 – 2639) (Figure 1C). Of 83 infants who 

had a pre-ART CD4+ T-cell available, 7.2% had a CD4+ T-cell % <25, 10.8% 25–29.9, 

14.5% 30–34.9 and 67.5% ≥35; 26.5% had a CD4+ T-cell count <1500 cells/mm3.

We evaluated predictors of neonatal pre-ART viral load ≥1000 copies/ml (Table 1). In 

univariable models, boys had a higher odds of having a neonatal pre-ART viral load ≥1000 

copies/ml than girls (OR: 3.27, 95% CI: 1.07 – 9.95), infants whose mothers had a viral load 

≥1000 copies/ml were more likely to have viral load above this level themselves (OR: 6.88, 

95% CI: 2.32 – 20.41) and breastfed infants had higher odds of pre-ART viral load ≥1000 

copies/ml (OR: 3.64 (1.23 − 10.80). In multivariable models, only male sex and maternal 

viral load ≥1000 copies/ml remained significantly associated with a higher odds of a 

neonatal pre-ART viral load ≥1000 copies/ml (Table 1). The initial univariable association 

between breastfeeding and neonatal pre-ART viral load ≥1000 copies/ml appeared to be due 

to confounding. Maternal viral load was higher among breastfeeding mothers with 81.6% 

having viral load >1000 copies/ml compared to 52.4% among mothers who did not 

breastfeed (p=0.0097). All mothers who avoided all breastfeeding had received ART 

compared to 75% of mothers who initiated some breastfeeding (p=0.002). Maternal viral 

load differences between breastfeeding and non-breastfeeding mothers may explain the 

Patel et al. Page 4

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



association, and, after adjustment, no significant association between neonatal pre-ART viral 

load and breastfeeding was observed.

Results were similar if we examined neonatal pre-ART viral load on a continuous scale. 

Median neonatal pre-ART viral load was higher (36,456 copies/ml) in boys compared to 

girls (10,335 copies/ml (p=0.0098). Median neonatal pre-ART viral load was 43,300 

copies/ml in those whose mothers had viral load ≥1000 copies/mL compared to 1,172 

copies/ml in those with a maternal viral load <1000 copies/mL (p<0.001). Results were also 

similar if maternal viral load was included as a continuous variable. As shown in Figure 2A, 

maternal viral load was positively and significantly correlated with neonatal pre-ART viral 

load (r=0.60, p<0.01).

Maternal viral load was strongly correlated with whether or not the mother was on ART. In 

mothers not on ART, the median viral load was 67,800 copies/ml (IQR: 15,100 – 167,102 

with 89.5% ≥1000 copies/ml) compared to 30,365 copies/ml (IQR: 608 – 101,765, with 

71.8% ≥1000 copies/ml) in mothers on ART. Therefore, we created a categorical variable 

combining maternal ART and maternal viral load into three categories: 1) No ART, 2) Any 

maternal ART and maternal viral load ≥1000 copies/ml, and 3) Any maternal ART and 

maternal viral load <1000 copies/ml. As shown in Figure 2B, neonatal pre-ART viral load 

was significantly lower (median 875 copies/ml, IQR: 220 − 2,515) among those whose 

mothers received any ART and had a viral load <1,000 copies/mL compared to those whose 

mothers received any ART and had a viral load ≥1,000 copies/mL (median 43,225 

copies/mL, IQR: 11,941 – 340,276) as well as compared to those whose mothers received no 

ART (median 36,180 copies/ml, IQR: 2,765 – 218,150), both p<0.001.

As we did with pre-ART viral load, we evaluated whether maternal and infant characteristics 

were associated with a neonatal pre-ART CD4+ T-cell count <1500 cells/mm3 or neonatal 

pre-ART CD4+ T-cell percentage <30%. The odds of having a neonatal pre-ART CD4+ T-

cell count <1500 cells/mm3 was higher in mothers who had a CD4+ T-cell count <350 

cells/mm3 vs. those with a CD4+ T-cell count ≥350 cells/mm3 (see table, Supplemental 

Digital Content 2). Median neonatal pre-ART CD4+ T-cell count was higher in mothers who 

had a CD4+ T-cell count ≥350 cells/mm3 than mothers who had a CD4+ T-cell count <350 

cells/mm3 (2194 vs. 1827 cells/mm3, p=0.055). Associations with pre-ART CD4+ T-cell 

percentage were in the same direction but not significant. For example, median neonatal pre-

ART CD4+ T-cell percentage was also higher but not significant (47.9 vs. 39.2%, p=0.12) in 

mothers with high vs low CD4+ T-cell counts respectively. On a continuous scale, maternal 

CD4+ T-cell count was weakly positively correlated with neonatal pre-ART CD4+ T-cell 

percentage and CD4+ T-cell count (see figure, Supplemental Digital Content 3A and 3B).

In a comparison of neonatal pre-ART CD4+ T-cell percentage to neonatal pre-ART viral 

load, a negative linear correlation was observed, with viral load decreasing with increasing 

CD4+ T-cell percentage and count (see figure, Supplemental Digital Content 4). This 

relationship was observed in all three maternal ART and viral load groups.
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Discussion

We observed strong associations between markers of maternal health and infant pre-ART 

prognostic markers (viral load and CD4+ T-cell parameters) in a cohort of intrauterine 

infected infants in South Africa. Mothers with lower viral loads close to delivery were more 

likely to deliver infants with lower pre-ART viral loads; and mothers with higher CD4+ T-

cell counts were more likely to deliver infants with higher CD4+ T-cell counts. The 

associations we observed between markers of maternal health and neonatal pre-ART viral 

load and immune status are consistent with studies which have shown associations between 

maternal health status and disease progression in children living with HIV.7–9 In a large 

multi-center study in the US prior to the widespread introduction of effective ART, HIV-

infected children born to mothers with more advanced disease (low CD4+ T-cell counts and 

high viral load) progressed more rapidly to AIDS or death than children born to mothers 

with less advanced disease.7 Similarly, maternal viral load was found to correlate with peak 

viral load in untreated perinatally-infected infants in Kenya.8 An international meta-analysis 

combining information from eight multicenter studies found that maternal HIV-1 RNA 

levels at or close to the time of delivery correlated with the early levels of viremia attained in 

the infant after the first month of life, and infant disease progression (stage C disease or 

death).9 Our findings suggest a possible mechanism explaining the link between maternal 

and child HIV disease progression.

Neonatal pre-ART viral loads were reasonably low in our cohort and few had evidence of 

severe immunosuppression based on their CD4+ T-cell parameters. Prior studies of the 

natural history of pediatric HIV infection have described very high pre-ART viral load 

measurements in infants.10,11 In the same setting over the past decade, we have observed 

pre-ART viral loads several log higher than we observed here in cohorts of infants with HIV 

presenting for care.12,13 Interestingly, this profile of unexpectedly low pre-ART viral load 

has also been reported in two recent cohorts of HIV-infected infants i.e. infants under the age 

of 28 days. The median pre-ART viral load in a cohort of 44 infants from the UK, Spain, 

Italy, and Thailand was 17,000 copies/ml (IQR: 962 − 174,882).14 The median pre-ART 

viral load in a cohort of 40 infants from Botswana was 11,220 copies/ml (IQR: 617 − 

72,444) and median CD4+ T-cell percentage of 50 (IQR: 38 − 56).15 Importantly, South 

Africa’s early infant diagnosis program has also revealed a reduction in the median baseline 

viral load among HIV-infected infants under a year of age from a high of 6.1 log (n=30) in 

2010 to 4.3 log (n=221) in 2016.16

The primary driver of maternal health status is access to ART. The likely explanation for the 

comparatively lower viral loads and higher CD4+ T-cell counts and percentages in infants 

observed in our cohort, as well as among the other recent cohorts of early-treated infants, is 

the expansion of programs that now provide universal ART. We did not have sufficient 

variability in the use of infant prophylaxis to examine the separate role of prophylaxis in 

contributing to the improved pre-ART parameters that we observed. Since almost all 

received prophylaxis, the associations we observed between maternal health and neonatal 

parameters are in the context of near universal prophylaxis.

Patel et al. Page 6

Pediatr Infect Dis J. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In this cohort of infants with intrauterine infection, boys had a higher pre-treatment viral 

load compared to girls. This is consistent with early results from the European Collaborative 

Study that reported in 118 perinatally-infected children after 4 years the RNA load was 

consistently 0.25–0.5 log10 lower for girls than boys.17 Higher CD4+ T-cell counts and 

percentages in HIV-infected girls than boys have also been reported18 as well as a strong 

over-representation of females among elite controllers.19 Some have reported higher rates of 

intrauterine transmission in girls than in boys20 but we observed a roughly equal sex ratio in 

our cohort of intrauterine infected infants.

This study has several limitations. We report epidemiologic associations and confounders 

may explain the observed associations. Although it is encouraging that the newborn pre-

ART parameters are comparatively better than expected, we and others have observed that 

response to ART in early treated infants is quite variable.6,15,21 Although prior studies have 

shown strong correlations between pre-ART viral load and CD4+ T-cell parameters,8,22 it 

does not necessarily follow, in the context of birth diagnosis and high rates of maternal ART, 

that these parameters have the same clinical significance. We speculate that maternal ART 

may mask HIV-related effects in infants with intrauterine infection rendering the usual 

markers of prognosis less informative. Other limitations include the small sample size from 

a single site, lack of exact coincidence in time of the measurement of maternal and infant 

parameters and inability to confirm maternal adherence with ART. Furthermore, our cohort 

which was derived from a birth testing program and may not be comparable to earlier 

cohorts that generally over-represented sicker children diagnosed at older ages.

In conclusion, we found low pre-ART viral loads in infants with intrauterine HIV infection 

with only a small proportion having severe immunosuppression prior to starting ART. We 

hypothesize that in the current era where mothers receive ART during pregnancy, leading to 

lower viral loads and better immune parameters, an improved pre-ART profile of infected 

newborns is observed. We speculate that effective maternal ART in pregnancy may begin 

treatment of infants with in utero HIV infection. Whether the maintenance of low levels of 

maternal viremia may provide an added beneficial effect on infant disease progression is still 

unknown but efforts to ensure maternal virologic suppression to protect maternal health and 

reduce vertical transmission should remain a priority.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Distribution neonatal pre-antiretroviral therapy (ART) viral load (VL) (log10 copies/
ml), CD4+ T-cell percentage, and CD4+ T-cell count.
Kernel density estimates are shown on the Y-axis and neonatal pre-ART VL (A), CD4+ T-

cell percentage (B) and CD4+ T-cell count (C) on the x-axis. Dashed line indicates the 

mean.
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Figure 2: Relationship between maternal viral load (VL) and antiretroviral (ART) category with 
neonatal pre-ART VL.
(A) Scatterplot of maternal VL (log10 copies/ml) and neonatal pre-ART VL (log10 copies/

ml). (B) Box and whisker plot of neonatal pre-ART VL by maternal ART/VL category (No 

ART, any ART and VL ≥1000 copies/ml, any ART and VL <1000 copies/ml).
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Table 1:

Odds ratios of neonatal pre-treatment viral load ≥1000 copies/ml vs. <1000 copies/ml associated with infant 

and maternal characteristics

Univariable Multivariable

Characteristic Categories OR (95% CI) P OR (95% CI) P

Sex Boys vs. Girls 3.27 (1.07 − 9.95) 0.037 2.96 (0.91 − 9.66) 0.07

Mode of delivery Vaginal vs. Cesarean 2.09 (0.71 − 6.14) 0.18

Preterm status Preterm vs. Not preterm 1.40 (0.28 − 6.90) 0.68

Low birthweight <2500 vs. ≥2500 grams 1.27 (0.33 − 4.93) 0.73

Maternal viral load ≥1000 vs. <1000 copies/ml 6.88 (2.32 −20.41) 0.0005 6.46 (2.12 − 19.69) 0.001

Maternal ART None vs. Any 0.89 (0.26 − 3.08) 0.86

Maternal CD4+ T-cell count <350 vs. ≥350 cells/mm3 0.81 (0.29 − 2.22) 0.68

Breastfeeding Ever vs. Never 3.64 (1.23 − 10.80) 0.02
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