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Abstract

Background—Low maternal 25(OH)D (vitamin D) values have been associated with higher 

mortality and impaired growth among HIV-exposed uninfected (HEU) infants of antiretroviral 

(ART)-naïve women. These associations have not been studied among HEU infants of women 

receiving ART.

Methods—We performed a nested case-control study in the Botswana Mma Bana Study, a study 

providing ART to women during pregnancy and breastfeeding. Median maternal vitamin D 

values, and the proportion with maternal vitamin D insufficiency, were compared between women 

whose HEU infants experienced morbidity/mortality during 24 months of follow-up and women 
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with non-hospitalized HEU infants. Growth faltering was assessed for never hospitalized infants 

attending the 24-month-of-life visit. Multivariate logistic regression models determined 

associations between maternal vitamin D insufficiency and infant morbidity/mortality and growth 

faltering.

Results—Delivery plasma was available and vitamin D levels assayable from 119 (86%) of 139 

cases and 233 (84%) of 278 controls, and did not differ significantly between cases and controls 

(median 36.7 ng/mL; IQR 29.1- 44.7 vs. 37.1 ng/mL; IQR 30.0 - 47.2; p = 0.32). Vitamin D 

insufficiency (< 32 ng/mL) was recorded among 112 (31.8%) of 352 women at delivery and 

occurred most frequently among women delivering in winter. Multivariate logistic regression 

models adjusted for maternal HIV disease progression did not show associations between maternal 

vitamin D insufficiency at delivery and child morbidity/mortality, or 24-month-of-life growth 

faltering.

Conclusions—Vitamin D insufficiency was common among ART treated pregnant women in 

Botswana, but was not associated with morbidity, mortality or growth impairment in their HIV-

uninfected children.

Keywords

HIV-exposed uninfected infants; maternal vitamin D; morbidity; mortality; growth

Introduction

In developing countries, antiretroviral treatment (ART) initiated prior to conception or 

during pregnancy and continued throughout breastfeeding has proven to be highly 

efficacious in preventing mother-to-child HIV transmission (PMTCT).1-4 However, children 

exposed to HIV in utero who remain uninfected experience significantly higher morbidity 

and mortality compared with HIV-unexposed infants,5-7 and some studies have found 

growth impairment of HIV-exposed uninfected (HEU) infants.8,9 Understanding the reason 

for these disparities is an important scientific priority for childhood survival programs in 

HIV-affected areas.

Vitamin D is an immune regulatory hormone. In vivo, it has been demonstrated to affect 

CD4+ Th1-Th2 balance, inhibiting Th1 and augmenting Th2 cell development10 and Th2 

enhanced cytokine epxression11. Vitamin D has also been found to mediate macrophage 

chemotaxis in response to inflammatory stimulus12, to be associated with higher quantities 

and increased cytolytic activity of natural killer cells13, and to up-regulate innate immune 

system antimicrobial peptides14. In a pre-ART era study in Tanzania, maternal vitamin D 

insufficiency, defined as a vitamin D level < 32 ng/mL, was significantly associated with 

mortality of HEU infants.15 This cut-off was chosen by the Tanzania research team, as it 

was a level above which optimal calcium homeostasis is achieved.16,17 Infants born to the 

women enrolled in the Tanzania cohort were also found to have a significantly higher risk of 

stunting or being underweight if maternal vitamin D insufficiency was noted during the 

antenatal period.18 Other studies have demonstrated an association between the use of 

efavirenz-based ART and vitamin D deficiency.19,20 Scale-up of the World Health 

Organization's first line efavirenz-based ART regimen in pregnancy21 may therefore result 
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in a higher prevalence of infant hypovitaminosis D, as the fetus is entirely dependent on 

maternal stores of vitamin D,22 and this deficiency may be associated with higher infant 

mortality and/or poorer growth outcomes.

We therefore sought to define the relationship between maternal vitamin D insufficiency and 

infant outcomes within a cohort of women receiving ART in Botswana. Using a nested case-

control design, we evaluated the association between maternal vitamin D insufficiency at 

delivery and infant morbidity/mortality. In a secondary analysis we evaluated the association 

between maternal vitamin D insufficiency at delivery and growth outcomes for those infants 

in the morbidity/mortality analysis who attended the 24-month-of-life study visit and were 

never hospitalized over the 24-month-period of the study.

Materials and Methods

Study Population

The Mma Bana Study, which enrolled 730 HIV-1 infected ART-naive pregnant women, has 

been described in detail previously.1 Five hundred sixty participants who had CD4+ cell 

counts ≥ 200 cells/mm3 and no AIDS defining illnesses at enrollment were randomized 

between 26-34 weeks gestation to initiate either abacavir/zidovudine/lamivudine co-

formulated as Trizivir (GlaxoSmithKline, Greenford, United Kingdom) (TZV) twice daily 

or zidovudine/ lamivudine co-formulated as Combivir (CBV) (GlaxoSmithKline) with 

lopinavir/ritonavir co-formulated as Kaletra (Abbott Laboratories, Abbott Park, IL) (CBV-

KAL) twice daily. Another 170 women, who had a screening or previously documented 

CD4+ cell count of < 200 cells/mm3, were enrolled in an observational arm of the Mma 

Bana study between 18 weeks and 34 weeks gestation and monitored as they initiated 

Combivir and Nevirapine (CBV-NVP), the ART regimen specified at the time in Botswana's 

national HIV treatment guidelines. Mma Bana participants remained on ART during a 

period of breastfeeding, up to six months postpartum and continued ART indefinitely if they 

qualified for ART under national treatment guidelines. Gestational age was ascertained from 

an algorithm that relied upon maternal reported last menstrual period (LMP) and ultrasound 

performed prior to randomization. All study physicians received standardized ultrasound 

training. Study physicians relied upon ultrasound-identified fetal femur length and biparietal 

diameter to estimate ultrasound gestational age. Where the estimated gestational age of a 

first trimester ultrasound differed by more than one week from the woman's LMP, a second 

trimester ultrasound differed by more than two weeks, or a third trimester ultrasound 

differed by more than three weeks, the ultrasound dating was utilized as the gestational age.

Trained study nurses and physicians conducted clinical assessments at birth, monthly 

through seven months of life and then once every three months through 24 months of life 

starting at 9 months of life to evaluate maternal and child health status, including morbidity, 

mortality and anthropometric measures. During the visits, the child was weighed and 

recumbent length was obtained using a length measuring mat. Health records were reviewed 

and mothers were interviewed to determine if the child required hospitalization since the last 

scheduled study visit. If a child failed to attend a scheduled visit, attempts were made to 

contact the mother by phone or in person, to determine the infant's vital status.
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Infant HIV DNA PCR testing was completed at birth, one, six and twelve months of life, 

and an HIV ELISA was completed at 18 months. Eight infants in the parent study tested 

positive for HIV, with all positive tests occurring within the first 6 months of life. These 

infants were excluded from the current analysis.

The primary analysis assessed the association between maternal vitamin D levels at delivery 

and HEU infant morbidity/mortality employing a retrospective nested case-control study 

design of women with HEU infants in the Mma Bana study. HEU Mma Bana study infants 

experiencing hospitalization, where hospitalizations were used as a surrogate for morbidity, 

or death by 24-months-of-life were defined as potential cases. Infants who had no reported 

hospitalizations while on study and were reported to be alive at last study contact were 

eligible to be selected as controls. Controls were randomly selected from the available 

possible controls to provide a 2:1 ratio for controls to cases from all remaining Mma Bana 

women with a live delivery. A sub-analysis was performed to ascertain whether maternal 

vitamin D insufficiency was specifically associated with infant respiratory or diarrheal 

disease resulting in hospitalization or death, as diagnosed by the health care providers in the 

public sector who treated or interfaced with the infant at the time of their hospitalization/

death.

A secondary analysis to assess for any association between maternal vitamin D insufficiency 

at delivery and infant growth faltering among a subset of control infants at 24-months-of-life 

was performed. Only those women whose infants did not require hospitalization throughout 

the study period, attended the 24-month-of-life study visit, and had documented growth 

measurements at this visit were included in this secondary analysis. Growth faltering was 

defined as having a weight-for-age, length-for-age or weight-for-length z-score at the 24-

month visit more than 2 standard deviations (SD) below the median of the reference 

population using World Health Organization (WHO) Child Growth Standards.23

The Botswana Health Research Development Committee and the Harvard School of Public 

Health Human Subjects Committee approved the collection of blood and its utilization for 

research purposes in the Mma Bana study. Women who enrolled in the Mma Bana study 

provided written informed consent to participate in the Mma Bana study and human subjects 

research guidelines of Harvard School of Public Health and Botswana's Health Research 

Development Committee were followed in the conduct of this clinical research.

Sample Collection and Preparation

Samples of maternal peripheral blood were obtained from all HIV-infected women at 

delivery. The samples were processed and plasma was stored at -70°C. Samples selected for 

this sub-study were shipped frozen and kept below -60°C until time of the vitamin D assay.

Measurement of Maternal Vitamin D Levels

Plasma levels of 25-hydroxyvitamin D [25-OH vitamin D] were measured using a 

chemiluminescent microparticle immunoassay (Architect, Abbott Diagnostics, Abbott Park, 

IL). Assays were performed by laboratory personnel blinded to the study design and 

outcomes. The limit of detection is 4 ng/ mL [lowest concentration distinguishable from 

zero] and the limit of quantitation is 8.0 ng/mL [lowest concentration at which the observed 
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imprecision (CV) was less than 10%]. The Architect 25-OH vitamin D assay has an 

imprecision of ≤ 10% total CV. Using an absolute deviation from linearity of ≤ 10% the 

linear range is 13.1 ng/mL to 96.2 ng/mL. This assay has a 100%, and 82% cross-reactivity 

with 25 OH vitamins D3 and D2, respectively. Cross reactivity with 3-epi 25-OH vitamin 

D3 at a concentration of 100 ng/mL was less than 3%.

Statistical Analyses

Maternal characteristics involving continuous and ordinal variables were compared using 

Wilcoxon's Rank Sum test. Categorical variables were compared using Fisher's exact or Chi 

Square tests. Seasonality of maternal vitamin D insufficiency was assessed using a Fisher's 

exact test. Wilcoxon's Rank Sum test was used to compare median maternal vitamin D 

levels at enrollment between mothers of cases and controls in the morbidity/mortality 

analysis.

Infant Morbidity/Mortality—The proportion of women with vitamin D insufficiency, 

defined as a vitamin D level < 32 ng/mL, was determined and a Fisher's exact test was used 

to test for differences between cases and controls. A multivariate logistic regression model 

was used to estimate the contribution of maternal vitamin D insufficiency to infant 

morbidity/mortality, adjusting for factors found to have a p-value of ≤ 0.10 in univariate 

analyses. The multivariate model was also adjusted for potential confounders including 

CD4+ cell count (≤ 350 versus > 350 cells/mm3), pretreatment HIV RNA level (HIV-1 

RNA ≥ 100,000 vs <100,000 copies/mL), and season of birth. Since breast milk is a poor 

source of vitamin D and the Mma Bana protocol called for 6 months of exclusive 

breastfeeding, a sub-analysis was performed to ascertain whether maternal vitamin D 

insufficiency was more prevalent among women whose infants experienced early morbidity 

or mortality, where “early” was defined as mortality/mortality events occurring within first 

six months of life. Sensitivity analysis was also performed to assess association between 

maternal vitamin D deficiency for levels < 20 ng/ml per the Endocrine Society Clinical 

Practice Guidelines and infant morbidity/mortality.24

Infant Growth Faltering—A multivariate logistic regression model estimated the 

association between maternal vitamin D insufficiency and infant growth faltering at 24-

months-of-life, and included factors found to have a p-value of ≤ 0.10 in univariate analyses. 

The multivariate model was also adjusted for potential confounders, including maternal 

CD4+ cell count (≤ 350 cells/mm3 versus > 350 cells/mm3), pretreatment HIV RNA level 

(HIV-1 RNA ≥ 100,000 vs <100,000 copies/mL), maternal body mass index (BMI) 1-month 

postpartum, preterm delivery, defined as delivery prior to 37.0 weeks gestational age, and 

presence or absence of growth faltering at birth, defined as a sex adjusted weight-for-age, 

length-for-age or weight-for-length z-score more than 2 standard deviations below the 

median value of the reference population using WHO Child Growth Standards.23 While 

WHO Child Growth standards were developed for use with infants born at term, birth 

anthropometric z-scores were calculated for all children included in this secondary analysis, 

regardless of gestational age at birth, in order to derive the covariate of growth faltering at 

birth. Sensitivity analyses included women with hospitalized infants in the multivariate 

model.
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All testing used a two-sided significance level of 0.05 with no correction for multiple 

testing. Statistical analyses were performed using SAS, version 9.3 (SAS Institute, Cary, 

North Carolina, USA).

Results

Maternal plasma specimens were available from 29 (97%) of 30 women who experienced 

the death of their child and 110 (96%) of 114 women who had a hospitalized child at least 

once during the first 24-months-of-life, yielding a total of 139 cases with available 

specimens. Maternal plasma specimens were available from 538 (98%) of 547 women who 

were identified as controls. Two hundred seventy eight maternal specimens were randomly 

selected from the available control specimens to match cases at a 2:1 ratio. Of these, 

maternal vitamin D levels at delivery were assayable from 119 (86%) of the 139 cases and 

from 233 (84%) of the 278 selected controls.

Overall maternal vitamin D results

The median vitamin D level at delivery among all 352 HIV-infected women included in this 

analysis was 37.1 ng/mL (interquartile range (IQR) 29.7 ng/mL, 46.0 ng/mL); 31.8% (112) 

of these women had vitamin D insufficiency (vitamin D level < 32 ng/mL). Of the 112 

women with vitamin D levels below 32 ng/ml, 21 (18.8%) had a level < 20 ng/ml. Maternal 

vitamin D insufficiency at delivery varied significantly by season irrespective of infant 

outcome (Table 1). Deliveries occurring in the winter season were associated with the 

highest proportion of maternal vitamin D insufficiency, and those in the summer season, 

with the lowest proportion of vitamin D insufficiency. There was no significant association 

between overall infant hospitalizations or death and season of birth (p = 0.19).

Baseline characteristics among cases and controls for morbidity/mortality analysis

Overall, there were no significant differences in age, parity, enrollment CD4+ cell count, or 

pretreatment viral load between women who had a child experiencing morbidity/mortality 

(cases) in the first 24-months and those who gave birth to a child who did not (controls) (see 

Table. SDC 1). The median time on ART prior to delivery among women who gave birth to 

a child experiencing morbidity/mortality was 10.7 weeks compared with 11.6 weeks for 

women who gave birth to a child in the control group (p=0.06). A significantly higher 

proportion of children experiencing morbidity/mortality were male compared with children 

in the control group (58.8% versus 46.8%; p= 0.04) and had a birth weight below 2500 

grams (23.5% versus 12.4%; p=0.008).

Maternal vitamin D levels at delivery for morbidity/mortality analysis

Maternal median vitamin D level at delivery and proportions of maternal vitamin D 

insufficiency did not differ significantly between cases and controls. The median vitamin D 

level at delivery among cases was 36.7 ng/mL (IQR 29.1 ng/mL, 44.7 ng/mL) compared 

with 37.1 ng/mL (IQR 30.0 ng/mL, 47.2 ng/mL) among controls (p=0.32). The proportion 

of vitamin D insufficiency at delivery among cases was 32.8%, compared with 31.3% 

among controls (p=0.80).
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In univariate logistic regression, maternal vitamin D insufficiency at delivery was not 

associated with a significant risk of child morbidity (hospitalization) or mortality (OR 1.07; 

95% CI 0.67 – 1.71; p=0.78). The same lack of effect was found in multivariate logistic 

regression analysis after adjustment for maternal CD4+ cell count (≤ 350 cells/mm3 versus > 

350 cells/mm3), pretreatment HIV-1 RNA level (HIV-1 RNA ≥ 100,000 vs <100,000 

copies/mL), self-reported household income, infant sex, infant birth weight (< 2500 grams 

versus ≥ 2500 grams), and season of birth (aOR 1.17; 95% CI 0.70, 1.98; p=0.55) (Table 2). 

There was no significant difference in maternal median vitamin D levels between cases/

controls when analyses were restricted to infant morbidity/mortality events that occurred in 

the first 6 months of life (p=0.14). We also performed sensitivity analyses evaluating 

associations between vitamin D deficiency24 (defined as < 20 ng/ml) and morbidity/

mortality, and we found no statistically significant associations (data not shown).

Of the 119 children who were hospitalized or died, 47 children were diagnosed with 

diarrheal disease and 30 were diagnosed with a respiratory illness. Maternal vitamin D 

insufficiency was not associated with diarrheal disease, with 38.3% (18) of mothers with 

children hospitalized or who died from diarrheal disease experiencing vitamin D 

insufficiency compared with 31.3% (73) of women whose children did not have a diarrheal 

illness serious enough to require hospitalization or result in death (p=0.39). Prevalence of 

vitamin D insufficiency was lower among women of children who required hospitalization 

or experience death due to a respiratory illness (13.3% (4) versus 31.3% (73); p=0.05).

Maternal vitamin D insufficiency at delivery and child growth faltering at 24-months-of-life

A total of 184 (80%) children, out of 233 who had never been hospitalized, attended the 24-

months-of-life study visit and had documentation of weight and length measurements. 

Thirty seven (20%) of the 184 children had growth faltering at 24-months-of life. 

Comparing maternal and child characteristics between children with growth faltering at 24-

months-of-life with children with normal growth, there were no significant differences 

between the two groups, including no significant differences in maternal median age, CD4+ 

cell count and HIV RNA level at enrollment, education level, marital status, length of infant 

in utero exposure to maternal ART's or infant gender (data not shown). In multivariate 

logistic regression analysis, maternal vitamin D adequacy at delivery was not significantly 

associated with a growth at 24-months-of-life (aOR 0.99; 95% CI 0.40 – 2.47; p =0.99), 

after adjusting for maternal reported income, maternal enrollment CD4+ cell count and HIV 

RNA level, maternal BMI 1-month postpartum, presence of infant growth faltering at birth, 

and delivery prior to 37.0 weeks gestational age (Table 3). High maternal income and 

absence of growth faltering at birth were associated with reduced odds of growth faltering at 

24-months-of-life. A sensitivity analysis that included mothers with hospitalized infants 

evaluating the combined growth faltering endpoint at 24-months-of-life also found no 

associations between maternal vitamin D levels and growth outcomes (data not shown).

Discussion

This is the first study to evaluate the relationship between maternal vitamin D levels at 

delivery and hospitalizations, mortality and growth among HIV-exposed uninfected 
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breastfed infants in the setting of maternal ART in pregnancy. We noted a high prevalence 

of maternal vitamin D insufficiency at delivery of nearly 32%, and an expected seasonal 

variation. The prevalence of maternal vitamin D insufficiency in our study was comparable 

to the prevalence of 39% reported among HIV-infected pregnant women not yet on ART 

participating in Trial of Vitamins study in the Tanzania, where the same definition of 

vitamin D insufficiency was utilized.18 We found no association between maternal vitamin 

D insufficiency at delivery and infant morbidity, mortality, or growth outcomes at 24-

months-of-life.

In the Tanzania Trial of Vitamins study, Mehta and colleagues found an association between 

maternal vitamin D insufficiency in pregnancy and HEU infant mortality through 24-

months-of-life, reporting a mortality incident rate ratio of 1.66 (95% CI 0.95 – 1.94) for 

HIV-exposed uninfected born to mothers with vitamin D insufficieny.15 While our study 

demonstrated a negative finding of the association between maternal vitamin D insufficiency 

at delivery and the combined endpoint of HEU infant morbidity (hospitalizations) and 

mortality, the 95% confidence interval of the odds ratio for this association in our study 

ranged from 0.70 to 1.98, including the value found in the Tanzanian study. Therefore, the 

negative finding in our study may merely represent inadequate power to detect a statistically 

significant association, or it may represent the fact that maternal vitamin D insufficiency in 

pregnancy or at delivery is only associated with subsequent mortality of HEU infants, but 

not morbidity. Amukele and colleagues failed to find a significant association between either 

maternal or infant vitamin D levels and subsequent child morbidity through 24-months-of-

life in a small cohort of HEU infants in Malawi.25 However, their study in Malawi defined 

morbidity more broadly than our study, and included the presence of malnutrition by 

anthropometric measures or clinical documentation of illness.25 Assuming that the illness in 

the Malawi study included outpatient visits and was not restricted to more severe illnesses 

warranting hospitalization, the lack of association between both maternal and infant vitamin 

D levels and morbidity in the Malawi study may only reflect the fact vitamin D may not 

influence or be associated with the occurrence of common childhood illnesses. In our study, 

we opted to evaluate the combined end point of morbidity and mortality, as there was not 

adequate power to study associations solely with the endpoint of mortality, as we only had 

30 deaths among 709 live born infants.

A notable difference between the Tanzania study and our study was the use of ART during 

pregnancy. Unfortunately, we are unable to quantify the contribution of maternal ART 

during pregnancy on the health and survival of their HEU infants. It is possible that the use 

of maternal ART in pregnancy in Botswana, and subsequent maternal immune system 

reconstitution and/or improved maternal health, accounted for the different study outcomes. 

Other potential contributors to differences between our study and that in Tanzania include 

better availability of health care services and infrastructure and differences in environments. 

It is also possible that the frequently scheduled study visits in the Mma Bana study mitigated 

the impact of maternal vitamin D insufficiency; during Mma Bana study visits, infants were 

examined for signs/symptoms of illness and treated or referred to government health 

facilities, and infant growth and feeding practices were assessed with the provision of 

caregiver counseling.

Powis et al. Page 8

Pediatr Infect Dis J. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Respiratory and diarrheal diseases are the predominant causes of death among HEU infants 

in resource-constrained settings in the first two years of life.26, 27 Some studies of HIV-

unexposed infants have found an association between infant vitamin D levels and respiratory 

disease.28, 29 In a sensitivity analysis of our cohort, maternal vitamin D insufficiency was 

found to be significantly more prevalent among mothers of children who did not have a 

documented respiratory illness severe enough to warrant hospitalization or result in death. 

There was no significant difference in the prevalence of maternal vitamin D insufficiency 

comparing mothers of children who experienced diarrheal disease severe enough to require 

hospitalization or result in death and mothers of children without this level of severe 

diarrheal disease. In our cohort of mother-infant pairs, we did not have infant specimens 

available to assay vitamin D levels of our HEU children. Therefore, we cannot preclude that 

actual infant hypovitaminosis D may be associated with the two most frequent causes of 

death among HEU infants in resource-constrained settings.

We did not detect an association between maternal vitamin D insufficiency at delivery and 

growth faltering of HEU children at 24-months-of-life, either in the analysis of healthy 

infants alive at 24-months, or in the sensitivity analysis that also included an oversampling 

of ill (hospitalized) infants from the morbidity/mortality case-control study. In these 

analyses, the 24-month prevalence of underweight or stunted children was below Botswana's 

national prevalence for children under the age of 5 (11.9% and 31.2%, respectively in 2007) 

(Nnyepi et al. Child Nutrition Situation in Botswana: Observations from the 2000 and 2007 

household surveys. Draft report commissioned by UNICEF. November 2011). This may 

reflect the higher level of care that infants in our cohort received during study visits, other 

biases inherent in the conduct of a clinical trial, or the earlier timing of our data at 24-

months versus 5-years-of-life.

The primary aim of this study was to assess for any association between low maternal 

vitamin D levels at delivery in a cohort of HIV-1 infected women initiating ART in 

pregnancy and adverse outcomes among their HEU infants. While maternal vitamin D was 

not associated with increased infant morbidity/mortality or growth faltering, our logistic 

regression models did find low maternal income and low anthropometric measures at birth 

to be associated with increased infant morbidity/mortality, as well as with growth faltering 

at 24-months-of-life. Other studies conducted in resource limited settings have demonstrated 

low maternal income and infant underweight or stunting at birth to be significantly 

associated with growth faltering for non-HIV exposed children under the age of 5.30-32 

Additionally, the presence of either stunting and underweight has been shown to increase the 

risk of mortality from infectious disease in childhood33-35, while longitudinal studies have 

found stunting in infancy and early childhood to be associated with poorer cognitive and 

educational outcomes through the adolescent period36, 37. Although our findings are not 

novel, they highlight the need for targeted health care and social programs for HEU infants 

at highest risk for poor health outcomes and their mothers.

In conclusion, in our cohort, maternal vitamin D insufficiency was highly prevalent among 

HIV-infected women at delivery, but was not associated with increased morbidity, mortality 

or growth impairment in HIV-exposed uninfected infants. Maternal ART or other factors in 

our study may have improved overall infant health and survival, mitigating the effect of 
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maternal vitamin D insufficiency. As global advances are made toward the WHO goal of 

virtually eliminating mother-to-child HIV transmission, an ever larger proportion of children 

born in settings with generalized HIV-epidemics will be born HIV-exposed uninfected. 

Further research is urgently needed to identify maternal and infant modifiable risk factors 

associated with the higher morbidity and mortality reported among HIV-exposed uninfected 

infants.
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Table 1
Proportion of Low Maternal Vitamin D Levels by Season

Maternal Vitamin D Level < 32 ng/mL Maternal Vitamin D Level ≥ 32 ng/mL p-value

Season 0.0041

 Jan-Feb-Mar (Summer) 16 (18.4%) 71 (81.6%)

 Apr-May-Jun (Fall) 34 (34.0%) 66 (66.0%)

 Jul-Aug- Sep (Winter) 34 (44.2%) 43 (55.8%)

 Oct-Nov-Dec (Spring) 28 (31.8%) 60 (68.2%)

1
Fisher's exact test
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Table 2
Multivariate Logistic Regression to Analyze Risk Factors Associated with Infant 
Morbidity/Mortality

Analyzed Risk Factors
Infants with Morbidity/Mortality 

(n= 119) Healthy Infants (n = 233) Odds Ratio (CI) p-value

Maternal Income 0.09

 None 57 (31.5%) 124 (68.5%) Ref

 1 – 500 pula/year 39 (43.8%) 50 (56.2%) 1.51 (0.87 – 2.63) 0.14

 501– 1000 pula/year 16 (35.6%) 29 (64.4%) 1.21 (0.58 – 2.49) 0.61

 >1000 pula/year 7 (18.9%) 30 (81.1%) 0.46 (0.19 – 1.16) 0.10

Maternal Enrollment CD4+ Cell Count 0.19

 ≤ 350 cells/mm3 56 (31.1%) 124 (68.9%) 0.72 (0.45 – 1.17)

 > 350 cells/mm3 63 (36.6%) 109 (63.4%) Ref

Maternal Enrollment HIV RNA Level 0.09

 < 100,000 cells/mL 88 (31.7%) 190 (68.3%) Ref

 ≥ 100,000 cells/mL 30 (41.1%) 43 (58.9%) 1.64 (0.93 – 2.91)

Maternal Vitamin D Insufficiency 0.55

 Yes 39 (34.8%) 73 (65.2%) 1.17 (0.70 – 1.98)

 No 80 (33.3%) 160 (66.7%) Ref

Quarter of Birth 0.34

 Winter 29 (37.7%) 48 (62.3%) Ref

 Spring 35 (39.8%) 53 (60.2%) 0.69 (0.35 – 1.35) 0.27

 Summer 29 (33.3%) 58 (66.7%) 0.90 (0.45 – 1.78) 0.75

 Fall 26 (26.0%) 74 (74.0%) 1.24 (0.64 – 2.42) 0.51

Infant Gender 0.09

 Male 70 (39.1%) 109 (60.9%) Ref

 Female 49 (28.3%) 124 (71.7%) 0.66 (0.41 – 1.06)

Birth Weight Category 0.01*

 Low birth weight (< 2500 grams) 28 (49.1%) 29 (50.9%) 2.14 (1.17 – 3.89)

 ≥2500 grams 91 (30.9%) 204 (69.1%) Ref

*
Statistically significant p-value

LEGEND: CI =Confidence Interval
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Table 3
Multivariate Logistic Regression to Analyze Risk Factors Associated with Growth 

Faltering1 at 24 months-of-life among Non-Hospitalized Children

Analyzed Risk Factors

Children with Growth 
Faltering1 at 24-months of 

life (n= 37)

Children without Growth 
Faltering at 24 months-of-life 

(n=147) Odds Ratio (CI) p-value

Maternal Income 0.01

 None 29 (27.4%) 77 (72.6%) Ref

 1 – 500 pula/year 5 (12.8%) 34 (87.2%) 0.27 (0.09 – 0.83)

 > 500 pula/year 2 (7.7%) 36 (92.3%) 0.20 (0.05 – 0.77)

Maternal Enrollment CD4+ Cell Count 0.46

 ≤ 350 cells/mm3 21 (21.4%) 77 (78.6%) 1.36 (0.60 – 3.12)

 > 350 cells/mm3 16 (18.6%) 70 (81.4%) Ref

Maternal Enrollment HIV RNA Level 0.70

 < 100,000 cells/mL 30 (19.6%) 100 (80.4%) Ref

 ≥ 100,000 cells/mL 7 (22.6%) 47(77.4%) 0.81 (0.28 – 2.35)

Maternal Vitamin D Insufficiency 47 (83.9%) 0.99

 Yes 9 (16.1%) 100 (78.1%) 0.99 (0.40 – 2.47)

 No 28 (21.9%) Ref

Maternal BMI 1-month Postpartum 0.85

 < 20 kg/m2 7 (28.0%) 18 (72.0%) Ref

 ≥ 20 kg/m2 - < 25 kg/m2 18 (21.4%) 66 (78.6%) 1.10 (0.36 – 3.35)

 ≥ 25 kg/m2 10 (17.5%) 47 (82.5%) 0.85 (0.26 – 2.79)

Birth Growth Faltering1 0.01

 Yes 19 (27.5%) 50 (72.5%) Ref

 No 18 (15.8%) 96 (84.2%) 0.34 (0.15 – 0.80)

Preterm Birth2 0.25

 Yes 5 (16.7%) 25 (83.3%) 0.50 (0.16 – 1.61)

 No 32 (20.8%) 122 (79.2%) Ref

1
Using 2006 World Health Organization's (WHO) Child Growth Standards, growth faltering represents a weight-for-age (underweight), length-for-

age (stunted) or weight-for-length (wasted) z-score more than 2 standard deviations below the median value of the reference population

2
Preterm birth defined as birth before 37.0 weeks gestational age

LEGEND: CI = Confidence Interval
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