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Abstract

Background: We evaluated the association between maternal cytomegalovirus (CMV) viremia 

during pregnancy and adverse birth and infant health outcomes in HIV-infected mothers and their 

HIV-exposed uninfected (HEU) infants.

Methods: HIV-positive women and their infants were followed prospectively from pregnancy 

through 2 years postpartum in the “Tshipidi” study in Botswana. We analysed the association 

between detectable CMV DNA in maternal blood at delivery and adverse birth outcomes 

(stillbirth, preterm delivery, small for gestational age, or birth defect), as well as infant 

hospitalization and mortality through 24 months.

Results: We measured CMV DNA in blood samples from 350 (77.1%) of 454 HIV-positive 

women from the Tshipidi study. The median maternal CD4 count was 422 cells/mL and median 

HIV-1 RNA at entry was 3.2 log10 copies/mL. Fifty-one (14.6%) women had detectable CMV 

DNA. In unadjusted analyses, detectable CMV DNA was associated with higher maternal HIV-1 
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RNA (OR 1.4, 95%CI 1.1- 1.9), presence of a birth defect (OR 9.8, 95%CI 1.6-60.3), and 

occurrence of any adverse birth outcome (OR 2.0, 95% CI 1.04-3.95). In multivariable analysis, 

we observed a trend toward association between detectable maternal CMV DNA and occurrence 

of any adverse birth outcome (aOR 1.9, 95% CI 0.96-3.8). Maternal CMV viremia was not 

associated with infant hospitalization and/or death by 24 months.

Conclusion: Approximately 1 in 6 HIV-positive women in Botswana had detectable CMV DNA 

in blood at delivery. Presence of maternal CMV viremia had a borderline association with adverse 

birth outcomes but not with 24-month morbidity or mortality in HEU children.
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INTRODUCTION

The advent of antiretroviral drugs (ARVs) to prevent mother to child transmission (PMTCT) 

of HIV-1 has led to a dramatic reduction in the rate of vertical transmission, including in 

Botswana, where MTCT rates have fallen from 35% to 2% or less1,2. As a result, HIV-

exposed uninfected (HEU) infants represent almost 30% of all children in much of southern 

Africa3. A number of studies show that HEU children experience higher morbidity and 

mortality compared with their HIV-unexposed uninfected (HUU) counterparts3-5, and HIV-

positive mothers appear to experience higher rates of adverse birth outcomes compared with 

HIV-negative mothers 6,7.

A variety of phenotypical differences between HEU and HUU children has been reported 

but mechanisms behind the susceptibility of HEU to higher morbidity and mortality have not 

been fully scrutinized. Some studies have attempted to prove this phenomenon showing 

poorer vaccine responses in HEU compared to HUU infants8,9. However, in Botswana we 

have previously reported no significant differences in antibody responses to tetanus vaccine 

between HEU and HUU infants10. Furthermore, opportunistic infections such as 

cytomegalovirus (CMV) reactivation in HIV positive women may lead to congenital 

infection overall poorer health outcomes in the HEU cohort; this is mostly coupled with 

prolonged breastfeeding in HIV positive women11,12. Congenital CMV infection is one of 

the leading causes of birth defects, non-genetic hearing loss, and developmental delay in 

children worldwide12. Congenital CMV tends to be more severe in the setting of acute 

maternal CMV infection during pregnancy, rather than among mothers infected with CMV 

prior to conception 13. In developing countries, the vast majority of adults (including 80–

100% of pregnant women) are CMV-seropositive, and 95% of HIV-positive adults in 

Botswana are positive for CMV IgG 14,15. Immunosuppression due to uncontrolled HIV or 

other causes can trigger CMV reactivation and consequently could result in vertical 

transmission of CMV16. Congenital CMV infection occurs at high rates in HEU infants, 

especially when born to untreated HIV-positive women compared to women receiving 

ARVs17-20. Some studies have shown lower rates of vertical CMV transmission among HIV-

positive women taking combination antiretroviral treatment (ART) compared to zidovudine 

(ZDV)14, although this association is not consistent18,21,22.
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Maternal CMV co-infection and reactivation may also have implications for immune 

development, growth, and other health outcomes in HEU babies. For example, in a Kenyan 

cohort, maternal CMV DNA detection was linked to a four-fold increase in infant mortality 

among HEU infants16. A Zambian study has previously described that HCMV infection in 

HEU infants adversely impacts growth and development, in this cohort, HEU infants had 

higher rates of prevalence of stunting, reduced head size, as well as decreased psychomotor 

development compared to their HUU contemporaries23. However, most studies evaluating 

this association were conducted at a time when the majority of women had advanced HIV 

disease and very few were taking combination ART. Furthermore, very little is known about 

the role of maternal CMV viremia in adverse birth outcomes such as preterm delivery, 

stillbirth, and small for gestational age (SGA).

We tested for CMV DNA at delivery in HIV-positive women in Botswana and evaluated its 

association with adverse birth outcomes and with 24-month morbidity and mortality among 

HEU children.

METHODS

Study design and population

This study used existing samples and data from the “Tshipidi” study. Tshipidi was a 

prospective observational cohort study that enrolled HIV-positive and HIV-negative pregnant 

women and their children in one urban and one rural location in Botswana, between 2010 

and 201224. During the study period, HIV-positive pregnant women in Botswana with CD4 

count ≤350 cells/mL or WHO stage 3 or 4 disease were eligible for 3-drug ART; all others 

were eligible for prophylaxis with ZDV during pregnancy and single dose nevirapine (NVP) 

during labour and delivery. Women were enrolled during pregnancy (88%) or at/within 7 

days of delivery (12%). HIV-1 RNA and CD4 count were measured at enrolment. Only HEU 

children and their mothers were included in this analysis (HIV-infected children and their 

mothers were excluded).

Evaluation of the role of maternal CMV infection in child health outcomes was one of the 

pre-specified, approved objectives of the Tshipidi study.

Maternal CMV DNA testing

The primary exposure of interest was detectable CMV DNA in maternal samples drawn 

between 1 day and 1 week postpartum. All available plasma and buffy coat samples were 

tested. CMV DNA was quantified in plasma samples using the Roche COBAS® AmpliPrep/

COBAS® TaqMan® CMV Test (threshold of detection = 50 copies/mL) (Roche Diagnostics, 

Indianapolis, IN). CMV DNA was measured in buffy coat samples using the LightCycler-

FastStart DNA Master Hybridization Probes kit (Roche Diagnostics, Indianapolis, IN) and 

the Light Cycler 2.0 Instrument (Roche Diagnostics, Indianapolis, IN) according to the 

instruction manuals (threshold of detection = 10 copies/mL). The CMV PCR on buffy coat 

was performed as previously described for whole blood 25,26.The only modification was 

diluting the buffy coat in PBS to bring it to a total volume of 800μL. A mother was defined 

as having CMV viremia if CMV DNA was detected in either the plasma or the buffy coat 
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sample or both. A random sample of HIV-negative mothers participating in the Tshipidi 

study were also tested for CMV DNA to assess prevalence of CMV viremia among HIV-

negative pregnant women.

Outcomes of interest

We determined rates of adverse birth outcomes including stillbirth, birth defects, preterm 

birth, very preterm birth, SGA, and very SGA. Study staff collected birth outcome data from 

maternal report and obstetric records. Gestational age was estimated using maternal report of 

last menstrual period. Infant birthweight and birth defects were recorded at delivery. 

Stillbirth was defined as fetal death (APGAR 0,0,0). Preterm birth was defined as <37 weeks 

gestational age (GA) and very preterm birth was defined as ≤32 weeks GA. SGA was 

defined as <10th percentile, and very SGA was defined as <3rd percentile using birthweight 

for gestational age norms for Botswana27. We also analyzed occurrence of any adverse birth 

outcome (stillbirth, preterm delivery, SGA, or birth defect) as a composite endpoint. 

Children were followed prospectively from birth until 2 years of age, with structured 

collection of growth and health outcome data. We determined rates of adverse child health 

outcomes, defined as the occurrence of either hospitalization or death by age 2. Children 

with more than one adverse child health event were counted once in the analysis. HIV 

positive children, children with unknown HIV status and children with missing outcomes 

were excluded from the analysis.

Ethical approvals

The Botswana Health Research Development Committee and the Office of Human Research 

Administration at Harvard T.H. Chan School of Public Health granted ethics approvals, and 

women provided written informed consent for study participation.

Data analysis

The exposure of interest was binary: detectable vs. undetectable CMV DNA in plasma 

and/or buffy coat samples. Maternal baseline characteristics were compared between women 

with or without detectable CMV DNA using logistic regression. Univariable and 

multivariable logistic regression were used to determine the association between detectable 

CMV DNA and adverse birth or child health outcomes. Covariates with p-values of <0.2 for 

association with each outcome of interest in the univariable model were included in the 

multivariable model. Potential covariates included maternal HIV-1 RNA, maternal CD4 

count, gestational age at delivery, type of ARVs received during pregnancy (3-drug ART 

received for at least two weeks prior to delivery or ZDV for at least two weeks prior to 

delivery plus single dose NVP), and duration of ARV exposure during pregnancy. Mothers 

with CD4 testing done after delivery were excluded from the outcomes analysis.

In the multivariable analysis, 2 mothers who received no ARVs during pregnancy were 

included in the ZDV group. Alpha level was set at 0.05. All statistical analysis was 

performed using STATA Version 14.
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RESULTS

Enrolment and testing

A total of 912 mothers and 910 of their infants were enrolled in the Tshipidi study: 454 HIV-

positive mothers with 453 respective infants and 458 HIV-negative mothers with 457 

respective infants. Plasma or buffy coat samples were available for 350 (77%) HIV-positive 

women. Fifty-two (15%) of children were excluded from the prospective health outcomes 

analysis (due to positive or unknown HIV status in 23 infants, or missing data; Figure 1). 

Thus, 350 mothers and 298 of their HEU infants were included in this analysis (Figure 1). In 

addition, delivery samples from 49 randomly-selected HIV-negative mothers were tested for 

CMV DNA. Tested samples were drawn at a median of 2 days postpartum (range, 1 to 7 

days).

Prevalence of detectable CMV DNA

Fifty-one of the 350 HIV-positive women had CMV DNA detected in at least one sample 

type, resulting in a prevalence of 14.6% (95% CI, 11.0 −17.0). In a subset of of 49 HIV-

uninfected women, three had detectable CMV DNA, resulting in a prevalence of 6.1% (95% 

CI, 1.28–16.8), showing a non-significant difference compared to HIV-positive women, p= 

0.1. A proportion of two hundred and twenty women had both plasma and buffy coat 

samples tested for CMV DNA; the remaining 130 women had only 1 sample type available. 

The proportions of each type of sample that were positive among these 220 women are 

presented in Table 1. Yield of detectable CMV DNA appeared to be higher in plasma 

compared to buffy coat samples; however, the median CMV DNA quantity in CMV-positive 

samples was higher in buffy coat (254 copies/mL) compared to plasma samples (<150 

copies/mL).

Demographic characteristics of women with and without detectable CMV DNA

Baseline demographic and medical characteristics of HIV-positive participants are shown in 

Table 2, by CMV DNA status. Median plasma HIV-1 RNA was significantly higher (p=0.02) 

in women with detectable CMV DNA compared to women without detectable CMV DNA, 

although median CD4 counts did not differ significantly. Longer duration of ARV 

prophylaxis (either Zidovudine or 3-drug ART) was associated with lower prevalence of 

CMV DNA detection (p= 0.02).

Association of detectable maternal CMV DNA with adverse birth outcome or major adverse 
infant health outcome

In unadjusted analysis, a higher proportion of women with detectable CMV DNA had an 

infant with a birth defect compared with CMV-negative mothers (7.1% vs. 0.8%; OR 9.8, 

95% CI 1.6 – 60.3, p=0.01) (Table 3). Three women with detectable CMV DNA had infants 

with birth defects including craniosynostosis, anencephaly and a cystic abdominal mass. 

Two women without detectable CMV DNA had infants with craniosynostosis. A borderline 

association was observed between detectable CMV DNA and preterm delivery (21.4% vs. 

10.5%; OR 2.3, 95% CI 1.0–5.3, p= 0.06). Finally, detectable CMV DNA was associated 

with the composite adverse birth outcome in univariable analysis (OR 2.0, 95% CI 1.04–
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3.95, p=0.04). In adjusted analyses controlling for maternal CD4 count and type of ARV 

prophylaxis, only the association between CMV DNA and the composite adverse birth 

outcome endpoint remained of borderline significance (aOR 1.9, 95% CI 0.96 – 3.8, 

p=0.06).

The composite infant health outcome (hospitalization and/or death) occurred in 15–20% of 

children born to women with and without detectable CMV DNA, Table 3. Presence of 

detectable maternal CMV DNA was not significantly associated with the composite infant 

health outcome in univariable or multivariable analyses.

DISCUSSION

This study evaluated the association between detectable maternal CMV DNA in HIV-

positive women at delivery and adverse birth and HEU infant health outcomes in Botswana. 

We found that approximately 15% of HIV-positive women and 6% of HIV-negative women 

had detectable CMV DNA in peripheral blood; this shows no significant difference in CMV 

DNA detection in HIV positive women compared to HIV negative women. Very few studies 

describe rates of CMV viremia among peripartum women (HIV-positive or -negative) in the 

southern African region14. A small study conducted in Kenya among HIV-positive pregnant 

women showed a 17% prevalence of detectable CMV DNA in blood samples at delivery, 

similar to our observation16. Of note, mothers participating in the Tshipidi study were 

generally healthier than women in the Kenyan study, with higher CD4 count and lower 

HIV-1 RNA.

Few studies of birth outcomes have been conducted among HIV-positive women with high 

rates of CMV seropositivity14. In our study, higher proportions of women with detectable 

CMV DNA had a child born with a birth defect, SGA, or preterm, compared with women 

without detectable CMV DNA, although this only reached statistical significance for birth 

defects. In addition, the occurrence of any adverse birth outcome was associated with 

detectable maternal CMV DNA at delivery in unadjusted analyses and maintained borderline 

statistical significance in adjusted analyses. In contrast, an Italian case-control study did not 

find any significant association between CMV viremia and adverse birth outcomes, 

including preterm delivery, low birthweight, major birth defects or HIV transmission, in a 

national cohort of pregnant women with HIV21.

Maternal CMV reactivation might lead to adverse birth outcomes through either congenital 

CMV infection or other mechanisms. HEU infants are known to experience high rates of 

congenital CMV infection12,17, although our study did not directly assess for this. CMV is 

known to drive profound, persistent changes in the number, phenotype and function of 

various immune cells, including T-cells and natural killer cells28, resulting in a state of 

chronic inflammation in the host29,30. This phenomenon may be exaggerated among persons 

co-infected with HIV, as HIV infection is characterized by chronic immune activation31-34. 

Pro-inflammatory maternal states have been associated with higher rates of adverse birth 

outcomes, including preterm delivery, in HIV-positive and HIV-negative pregnant 

women35,36. Thus, it is plausible that CMV reactivation could negatively impact birth 

outcomes among HIV-infected women through its contribution to maternal inflammation.
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CMV may directly infect the placenta and cause latency in CD14+ cells, the virus is likely 

reactivated through cytotrophoblasts (CTB) invasion and inflammation37. This infection 

likely generates a pathway for prenatal CMV MTCT. Although we did not measure markers 

of immune activation in this study, it is possible that some of the outcomes in this study may 

have been due to CMV associated immune reconstitution syndrome (IRIS). Some studies 

have shown possible effects of IRIS in HIV infected children which leads to excess 

morbidity38,39, however, not much data is available on CMV associated IRIS in HEU 

infants. This warrants the need for more studies that look at the possible impact of CMV 

associated IRIS in HEU infants born to CMV DNAemic HIV positive mothers.

HEU children have higher morbidity and mortality than HUU children in resource-limited 

settings, largely due to increased rates of lower respiratory tract infections, sepsis, and 

diarrheal disease40,41. We hypothesized that exposure to maternal CMV viremia might 

impact fetal immune development, leading to increased susceptibility to disease in 

childhood. However, we did not observe an association between maternal CMV viremia and 

child hospitalization and/or mortality. It is possible that mechanisms other than CMV 

exposure are responsible for the increased rates of morbidity and mortality among HEU 

infants.

We found that higher maternal HIV-1 RNA was associated with the presence of detectable 

maternal CMV DNA. In addition, a larger proportion of women with detectable CMV DNA 

received 3-drug ART, compared to women without detectable CMV DNA. Because only 

women with CD4 counts ≤350 or WHO stage 3 or 4 disease were eligible for ART, receipt 

of ART is a marker of advanced HIV disease in this study. Therefore, the association of ART 

with CMV viremia indicates that women with more advanced HIV disease were more likely 

to experience CMV reactivation. Receipt of prenatal ARVs is generally thought to be 

protective against CMV vertical transmission22, and we found that longer duration of ARVs 

was associated with decreased CMV viremia. Importantly, after adjusting for maternal ARV 

type and CD4 count in our multivariable analysis, a borderline association with adverse birth 

outcomes remained; therefore, we do not believe that the association between CMV viremia 

and adverse birth outcome was solely due to advanced HIV disease.

There were several limitations to this study. First, it is possible that some of the trends that 

we observed for adverse birth outcomes in mothers with detectable CMV DNA would have 

reached statistical significance with a larger sample size. We did not evaluate infant CMV 

infection status, which could have been associated with some of the infant outcomes. The 

measure of morbidity in this study was limited to infant hospitalization; a limitation of our 

study is that we did not systematically capture neurological outcomes. We may have 

introduced measurement error by only evaluating samples from a single time point, as some 

women may have had detectable CMV DNA earlier during pregnancy but not at delivery. 

Moreover, testing of an equal subset of HIV negative women as a control group could add 

more information on whether HIV positive mothers on ART would predispose their children 

to CMV infection compared to HIV negative mothers. In addition, it would be ideal to 

compare outcomes of the HEU infants with those of HUU infants as observed in other 

studies in this area. Although the yield of detectable CMV DNA was higher in maternal 

plasma compared to buffy coat, we used plasma and buffy coat samples interchangeably to 
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determine overall CMV infection status and we do not have sufficient data to understand 

whether the clinical relevance of these assays differs in the context of the analysis that we 

undertook.

In summary, in a cohort of HIV-positive pregnant women from Botswana with a relatively 

high CD4 count and low HIV-1 RNA who were receiving ARVs during pregnancy (one third 

of whom received 3-drug ART), the overall prevalence of CMV DNA in peripheral blood at 

delivery was 14.6%. Presence of maternal CMV DNA was associated with the occurrence of 

any adverse birth outcome in unadjusted analysis and maintained a borderline association in 

adjusted analysis. Repeating this study in a larger group of HIV-positive pregnant women 

who are universally treated with 3-drug ART would allow us to better understand the 

potential role of maternal CMV infection and reactivation in pregnancy outcomes. This 

study allowed us to begin to understand the association between CMV/HIV co-infection and 

adverse birth outcomes in the context of the sub Saharan African setting.
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Figure 1: Enrollment, sample selection, CMV DNA testing and analysis
CMV, cytomegalovirus; DNA, deoxyribonucleic acid; HIV, Human Immunodeficiency virus
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Table 1:

Numbers of women with positive CMV DNA in plasma vs. buffy coat (out of 220 women tested with both 

assays)

BUFFY COAT
Positive

BUFFY COAT
Negative

Total
tested

PLASMA Positive 6 26 32

PLASMA Negative 11 177 188

Total tested 17 203 220

CMV, cytomegalovirus; DNA, deoxyribonucleic acid
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Table 2:

Maternal Baseline Characteristics according to maternal CMV DNA status

N (%) with the
characteristic
(or with data
available)

Detectable
Maternal
CMV DNA,
n=51

No detectable
Maternal CMV
DNA,
n = 299

Odds ratio (OR) 
for
having detectable
CMV DNA (95%
confidence 
interval
[CI])

P
value

Maternal Baseline Characteristics

Median maternal age in years (Q1, Q3) 350 (100) 27.6 (23.7,32.8) 29.7 (25.1, 33.7) 0.96 (0.9 - 1.0) 0.2

Median CD4 count, cells/mm3 (Q1, Q3) 339 (96.9) 422 (248,586) 434 (344,574) 1.0 (0.99-1.0) 0.4

Median HIV-1 RNA, log10 (Q1, Q3) 337 (96.3) 3.8 (2.6, 4.6) 3.1 (2.6, 4.0) 1.4 (1.1- 1.9) 0.02

Median gestational age (weeks) at delivery, (Q1, Q3) 335 (95.7) 40.0 (37,40) 40.0 (38,41) 0.9 (0.8-1.0) 0.08

Infant feeding method 340 (97.1) 0.3

 Breastfed 27 (7.7) 6/51 (11.7%) 21/289 (7.3%) 1.7 (0.7-4.4)

 Never breastfed 313 (89.4) 45/51 (88.2%) 268/289 (92.7%)

Type of antepartum ARVs 340 (97.1) 0.06

 3-drug ART 107 (30.6) 21/51 (41.2%) 86/289 (29.8%)

 Zidovudine 231 (66.0) 29/51 (56.9%) 202/289 (69.6%)

 No (or <2 weeks) antepartum ARVs 2 (0.6) 1/51 (1.96%) 1/289 (0.3%)

Median duration of any ARVs during and prior to 
pregnancy (ZDV or 3-drug ART), days (Q1, Q3)

338 (96.6) 71(53,104) 84(68,105) 0.02

Median duration of 3-drug ART during and prior to 
pregnancy, days (Q1, Q2)

331 (94.6) 70(52,99) 84(68,105) 0.02

Median duration of any ARVs during pregnancy 
(ZDV or 3-drug ART), days (Q1, Q3)

279 (79.7) 69(49,90) 79(64,91) 0.08

ARV, antiretroviral drug; ART, antiretroviral therapy; CMV, cytomegalovirus; DNA, deoxyribonucleic acid; HIV, Human Immunodeficiency virus; 

Q1, 25th percentile; Q3, 75th percentile; ZDV, zidovudine
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Table 3:

Pregnancy and infant health outcomes according to maternal CMV DNA status

N Detectable
CMV
DNA,
n = 51

No
detectable
CMV DNA,
n= 299

Unadjusted odds
ratio (OR) of
having the
outcome of
interest, in
association with
detectable CMV
DNA
(95%confidence
interval [CI])

P Adjusted odds ratio (OR)
of having the outcome of
interest, in association
with detectable CMV
DNA (95% confidence
interval [CI])

P

Pregnancy Outcomes

Stillbirth 298 0/42 (0) 0/256 (0) - - - -

Birth defect 298 3/42 (7.1) 2/256 (0.8) 9.8 (1.6 -60.3) 0.01 * -

Small for gestational age (<10th 

percentile)
298 14/42 (33.3) 61/256 (23.8) 1.6 (0.79 – 3.2) 0.2

1.5 (0.7 – 2.9) 
a 0.3

Very small for gestational age (<3rd 

percentile)
298 10/42 (23.8) 42/256 (16.4) 1.6 (0.7 – 3.5) 0.2 - -

Preterm delivery (<37 weeks 
gestation)

298 9/42 (21.4) 27/256 (10.5) 2.3 (1.0- 5.3) 0.06 * -

Very preterm delivery (≤32 weeks 
gestation)

298 1/39 (2.3) 3/256(1.2) 2.2 (0.22 – 21.4) 0.5 - -

Composite adverse birth outcome** 298 19/42 (45.2) 74/256 (28.9) 2.0 (1.04- 3.95) 0.04
1.9 (0.96 – 3.8) 

b 0.06

Infant Health Outcomes

Hospitalization 298 7/42 (16.7) 47/256 (18.3) 0.89 (0.4 -2.1) 0.8 - -

Infant mortality 298 0/42 (0) 1/256 (0.4) - - - -

Composite adverse infant health 
outcome***

298 7/42 (16.7) 48/256 (18.8) 0.9 (0.4 - 2.1) 0.7
0.9 (0.4 – 2.1) 

c 0.7

CI, confidence interval; CMV, cytomegalovirus; DNA, deoxyribonucleic acid; OR, odds ratio

*
Adjusted odds ratios are unavailable as co-variates did not meet the criteria for inclusion in the multivariate model

**
Defined as presence of one or more of the following outcomes: stillbirth, birth defect, small for gestational age or preterm delivery

***
Defined as hospitalization and/or death by 24 months

a
Adjusted for type of ARV prophylaxis (ZDV or 3-drug ART) received during current pregnancy

b
Adjusted for baseline CD4 count, and type of ARV prophylaxis (ZDV or 3-drug ART) received during current pregnancy

c
Adjusted for baseline CD4 count
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