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Abstract

Objective—To evaluate the safety of in utero antiretroviral (ARV) exposure in children born to
mothers with HIV, using a trigger-based design.

Design—The Surveillance Monitoring of ART Toxicities Study is a prospective cohort study
conducted at 22 US sites to evaluate safety of in utero ARV drug exposure in HIV-uninfected
children born to HIV-infected mothers. Children meeting pre-defined clinical or laboratory
thresholds have more intensive evaluations to determine whether they meet criteria for adverse
events (AEs).

Methods—AE “cases” were defined for the following domains: growth, hearing, language,
neurology, neurodevelopment, metabolic, hematologic/clinical chemistry and blood lactate. We
used adjusted log-binomial models to calculate relative risks (RR) of case status overall and within
individual domains for various ARV exposures during pregnancy.

Results—Among 2680 youth enrolled between 2007 and 2012 (48% female, 66% black, 33%
Hispanic), 48% met a trigger and 25% were defined as a case in at least one domain. Language
(13.2%) and metabolic (11.4%) cases were most common. After adjustment for birth cohort and
other factors, there was no association of any ARV regimen, drug class, or individual drug with
meeting overall case criteria (case in any domain). Within individual domains, zidovudine (74%
exposed) was associated with increased risk of metabolic case (RR=1.69, 95% CI:1.08-2.64) and
didanosine plus stavudine (<1% exposed) with increased risk of both neurodevelopmental
(RR=12.4, 95% CI:5.29-29.08) and language (RR=4.84, 95% CI:1.14-20.51) cases.

Conclusions—Our findings support current recommendations for combination ARV therapy
during pregnancy, although higher risk of metabolic disorder with zidovudine exposure warrants
further study.

Keywords
Antiretroviral; HIV-exposed; safety; infants; mitochondrial dysfunction

INTRODUCTION

Despite the success of combination antiretroviral (ARV) regimens used during pregnancy in
reducing HIV transmission,1~* concerns remain regarding adverse consequences of in utero
exposure to ARVs.>~7 Numerous manifestations of ARV toxicity have been reported in
adults and children with HIV; however, there are fewer reports of toxicities in infants born
to mothers with HIV infection and exposed to ARVs through transplacental passage of the
drugs.8 Mitochondrial toxicity is postulated to be one possible mechanism for these events
in exposed infants, and can manifest as a variety of clinical and laboratory abnormalities,
including hematologic and liver function, myopathy, and central nervous system
disorders.8-17 Drug-specific disorders such as anemia after exposure to maternal zidovudine
or combination ARV regimens have also been reported.”-18-20 Serious adverse effects have
been uncommon and may be difficult to distinguish from pregnancy complications such as
pre-eclampsia or prematurity,21 or other maternal exposures such as illicit drugs, alcohol,
tobacco, or HIV infection itself.22
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Current treatment guidelines for children with in utero or neonatal ARV exposures
recommend that those who develop clinical problems of unknown etiology be evaluated for
potential mitochondrial dysfunction, and that follow-up of children with exposure to ARVs
continue into adulthood because of concerns of carcinogenicity of nucleoside analogue ARV
drugs.? Thus, it is important to provide long-term follow-up of children exposed in utero to
ARVs in order to systematically examine a wide spectrum of clinical and laboratory
outcomes.

In order to conduct safety monitoring in a rigorous yet cost-effective manner, the Pediatric
HIV/AIDS Cohort Study (PHACS) network established the Surveillance Monitoring of
ART Toxicities (SMARTT) Study, to identify potential adverse effects of ARV exposures in
infants born to HIV-infected women, and to evaluate associations with ARV combinations
and specific ARV drugs in order to help inform treatment guidelines for HIV-infected
pregnant women.23.24 The SMARTT study uses a trigger-based design, which provides
efficient use of study and patient resources. This design provides greater precision of
estimated adverse event rates by concentrating on those children most likely to have adverse
events, as compared to randomly selecting a subgroup of children to study with detailed
assessments.24

In the SMARTT study, potential adverse effects in multiple domains, such as growth and
neurological outcomes, were selected based on literature review and clinical experience. For
each domain, trigger thresholds were defined which dictated additional pre-specified
evaluations. The results of these evaluations were reviewed by an group of clinicians and
epidemiologists to determine whether the child met the definition of a “case”, a condition in
one or more domains that could result from intrauterine exposure to ART. In this paper, we
evaluated the association of ARV exposures with overall case status as well as within
specific domains which may reflect adverse effects of ARV exposures.

METHODS

Description of Protocol and Study Population

The PHACS SMARTT study includes two cohorts: the Static and Dynamic Cohorts. Static
Cohort children and their mothers (or caregivers) were eligible if the youth were age 1 to 12
years at entry and had detailed information on maternal ARV use during pregnancy and
infant outcomes from prior prospective studies (PACTG 219C 25 and the Women and
Infants Transmission Study2%). The Dynamic Cohort of HIV-infected women and their
infants enrolled between 22 weeks gestation and 1 week after delivery. Both cohorts opened
to participating sites in the United States including Puerto Rico in March 2007. The Static
Cohort completed enrollment in 2010 whereas the Dynamic Cohort continues to enroll. The
SMARTT protocol was approved by Human Subject research review boards at each of the
participating sites and at the Harvard T. H. Chan School of Public Health. Written informed
consent was obtained from the parent or legal guardian at each research site.

At study entry, clinical diagnoses and dates of prenatal ARV use were obtained from
medical charts and participant interview. Birth characteristics (gestational age, birth weight,
and mode of delivery) were abstracted and maternal HIV disease characteristics were
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collected both early during pregnancy (earliest available) and prior to delivery, including
plasma HIV RNA concentration (viral load, VL), absolute CD4+ lymphocyte (CD4) cell
counts, and CD4%. Trimester-specific information on substance use during pregnancy was
obtained by self-reported questionnaire, including alcohol, tobacco, marijuana, opiates, and
other substances, as previously described.2? Caregivers of participating children completed
questionnaires on household composition, education and income levels, past history of
psychiatric diagnoses or substance use, and other information related to family environment.
After enrollment, children and their mothers or caregivers were followed at annual study
visits. A complete physical examination was conducted including anthropometric
assessments [height, weight, body mass index (BMI), and skinfold measurements],
abstraction of any new diagnoses or illnesses obtained from the medical chart or interview,
and collection of limited laboratory measurements including point-of-care capillary blood
lactate assessments?’. Cognitive, hearing, and language assessments were conducted at
specified ages.

The study team defined multiple domains reflecting potential adverse effects of ARV
exposure during pregnancy based on expert input and existing literature. These included low
growth, neurology, neurodevelopment, language, hearing, metabolic, basic hematology and
chemistry studies (including liver and renal function tests), and blood lactate. For each
domain, a study “trigger” was established using a non-invasive or inexpensive laboratory or
clinical evaluation. For example, a metabolic trigger was defined as a BMI exceeding the
age- and sex-specific 95! percentile for children aged 2 years or older. The criteria for
triggers are provided in Table 1. As described previously?4, trigger thresholds were chosen
to achieve high sensitivity at the expense of lower specificity for identifying potential
adverse events (AES) since, as a safety study, it was desirable to capture all children who
might have AEs related to ARVs.

Children who met the study trigger for a particular domain had additional pre-specified
assessments, such as laboratory testing and evaluation by an appropriate specialist (Table 1).
The results of the triggered evaluations were reviewed by the SMARTT Review Panel, a
group of clinical and epidemiological experts, using pre-defined “case” definitions for AEs
in each of the target domains. Following these strict criteria, the Panel determined whether
each subject who met a trigger also met the corresponding case definition for AEs, while
blinded to the specific ARV regimens mothers used during pregnancy. For example,
children meeting the metabolic trigger were defined as metabolic “cases” if they had
abnormal lipid levels or insulin resistance on further testing. For some domains, a small
percentage of participants met a trigger but did not have the follow-up assessments needed
to determine case status; these children were not considered evaluable for case
determination.

Exposure Measures

The primary exposure of interest was in utero ARV exposure. Children were classified

according to exposure to ARV drug classes, to combination ARV regimens including highly
active antiretroviral therapy (HAART, defined as >3 drugs from =2 classes), and to specific
ARV agents. The reference group consisted of children unexposed to the specific ARV drug
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class or drug being considered. Since the critical windows of exposure during pregnancy for
most domains are unknown, we also evaluated ARV exposures by trimester of first
exposure.

Potential Confounders

We identified potential confounders based on past literature and descriptive statistics from
our cohort, using directed acyclic graphs(see Supplemental Figure 1).28-30 We considered
the following maternal covariates to be potential confounders: age and race, pre-pregnancy
BMI, chronic health conditions such as pre-gestational diabetes, HIV VL and CD4 counts
early in pregnancy, and first trimester substance use (including alcohol, tobacco, and illicit
drugs??). In addition, socioeconomic measures were evaluated including household income
and caregiver education levels. We descriptively summarized pregnancy outcome [low birth
weight (LBW, <2500g), preterm birth (<37 weeks gestation) and mode of birth (vaginal or
Cesarean delivery)] by case status, but our primary analyses excluded these characteristics
and also maternal health measures later in pregnancy, since they may be on the causal
pathway given prior evidence of their association with maternal ARVs. 21:23.26

Statistical analysis

Rates of adverse events and exact 95% confidence intervals (CIs) were estimated overall and
by domain. Unadjusted and adjusted log-binomial regression models were used to obtain
relative risks (RR) for associations between ARV exposures and case status. Separate
analyses were also conducted within the following domains: neurologic,
neurodevelopmental (ND), a combined neurologic/ND domain (case in either the neurologic
or ND domain), metabolic, growth, and language. Other domains (laboratory, hearing, and
blood lactate) had too few cases and were not considered separately. Covariates identified a
priori as potential confounders and with p<0.20 in unadjusted models for case status were
included in initial multivariable models, and those with p<0.10 and/or which changed ARV
exposure estimates by >10% were retained in final adjusted models.

Sensitivity analyses were conducted further adjusting for LBW to evaluate the impact on
findings, and restricting to those who were exposed to HAART during pregnancy to limit
potential selection bias. In addition, sensitivity analyses were conducted to account for
children with the same mother/caregiver and clustering at the same clinical research site.
Analyses were also conducted restricted to the Dynamic Cohort, which includes only those
mother/infant pairs followed prospectively since birth. Last of all, while time-to-event
models were not appropriate for evaluating overall case status due to differential timing of
age-specific tests (in neurodevelopment, language, and hearing domains) relative to age at
entry, incidence rate analyses were conducted using Poisson regression models for domains
evaluated at every study visit (metabolic from age 2 years, neurologic, and growth).

RESULTS

Characteristics of Study Population

A total of 2680 SMARTT participants (1198 from the Static Cohort and 1482 from the
Dynamic Cohort) were enrolled and had trigger data submitted as of December 31, 2012 and
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were thus considered evaluable (see Table 2). After a median follow of 2.4 years (range 0.1-
5.7 years), almost half (47.8%) met a trigger in at least one domain and 25% met the criteria
for a case in at least one domain. Overall, 48% of the participants were female, 66% Black,
and 33% Hispanic. As reported previously, there is a high rate of prematurity (21%) and
LBW (19%) in this population.2! Tobacco and alcohol use during pregnancy were relatively
common (19% and 8%, respectively), although hard drug use (cocaine, heroin, or opium)
was relatively rare (3%).

There was a significant difference in case status by birth cohort and race, with a higher
percentage of cases born in earlier years and among white and Hispanic participants. There
were also differences in prevalence of cases by other socio-demographic factors (caregiver
marital status and education), but not by maternal HIV status (CD4 or viral load) or
substance use. The most commonly met triggers were metabolic (28.8%) and reduced
growth (18.5%), and the least common were laboratory triggers (Table 1). Cases were most
often met in the language (13.2%) and metabolic (11.4%) domains. Overall, 52% of those
meeting a trigger and evaluated for case status met the case definition, ranging from 9%-—
99% for different domains (Table 1).

of Demographic and Maternal Characteristics with Case Occurrence

A summary of covariates included in adjusted models for overall case status and for each
separate domain is provided in Supplemental Table 1. The final model for overall case status
included protective effects of black race or Puerto Rican origin and later birth cohort (2010
or later vs. <2010) and increased risk of case status for those with low caregiver education
and maternal tobacco use in the first trimester. LBW was associated with 42% increased risk
of case status (95% CI: 22%, 65%) and was included in sensitivity analyses. For models fit
within specific domains, first trimester tobacco was associated with higher risk of
neurologic, neurologic/ND, and growth cases, low caregiver education was associated with
case status in the neurologic/ND and language domains, and pre-gestational diabetes was
associated with case status in the neurologic, neurologic/ND, and metabolic domains.

of in utero ARV Exposures with Case Occurrence

The unadjusted and adjusted associations of in utero ARV exposures with overall case status
are summarized in Table 3 and Figure 1 for exposures at any time during pregnancy. In
unadjusted models, exposure to a HAART regimen and to specific ARVs including
emtricitabine, tenofovir, raltegravir, atazanavir, darunavir, and ritonavir (as a booster) were
each associated with protective effects on risk of case status, while exposures to zidovudine
and nelfinavir were associated with significantly higher risks. However, after adjustment,
there was no association of any ARV regimen, drug class, or individual ARV drug with
overall case status, and adjusted RRs were very close to 1 (Figure 1). Findings were similar
when evaluated by trimester of the first ARV exposure. HAART and exposure to the same
individual ARVs in the first trimester were associated with lower risk of case status in
unadjusted models, but not after adjusting for birth cohort and other factors (Supplemental
Table 2). Zidovudine (either 15t or 2"d/3" trimester vs. unexposed) and first trimester
exposure to either nelfinavir or stavudine were associated with increased risk in unadjusted
models (RRs of 1.31 to 1.47), but not after adjustment. While rarely used, first exposure to
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fosamprenavir later in pregnancy (2" or 3" trimester, 1.2% exposed) was associated with
increased risk of overall case status (adjusted RR [aRR]=1.73, 95% CI: 1.23, 2.43).

of in utero ARV Exposures with Case Occurrence in Specific Domains

Across individual domains, few significant associations of any drug class or individual ARV
with increased risk of case status were observed in adjusted models (Table 4). However,
zidovudine exposure was associated with increased risk of metabolic case in both unadjusted
and adjusted models. The combination of didanosine plus stavudine, while now rarely used
(<1% exposed), was associated with a 12-fold higher risk of a ND case, and almost 5-fold
higher risk of language case. First trimester stavudine exposure was also associated with a
two-fold increased risk of a language case, with similar (though non-significant) RR for
overall stavudine exposure. When the combined outcome of either neurologic or ND case
status was evaluated, there was an increased risk with didanosine exposure (aRR=2.16, 95%
Cl: 1.14, 4.10) for 15t trimester exposure; aRR=1.75, 95% CI: 0.99, 3.08 for overall
exposure), and similar magnitude associations within both individual domains. However, for
other ARV drugs, associations were occasionally in opposite directions for these two
domains; for example, non-nucleoside reverse transcriptase inhibitors (NNRTIs) were
associated with marginally increased risk for neurologic case but decreased risk for ND
impairment.

Certain individual ARVs were associated with significant protective effects in adjusted
models, particularly for metabolic cases (Table 4). Only 4.7% of participants met case
criteria in more than one domain. Although this outcome was hypothesized to be a more
specific indicator of an ARV-associated adverse outcome, no ARV drug classes or
individual drugs were associated with increased risk of case status in multiple domains.
Efavirenz was associated with increased risk of neurologic case, and lopinavir with language
impairment, although neither attained statistical significance (Table 4).

Sensitivity Analyses

While LBW was strongly associated with case status, further adjustment for LBW in
addition to the other covariates yielded results very similar to those in Table 3 (not shown),
suggesting that LBW did not play a role as a mediator or confounder. The difference
between unadjusted and adjusted RRs was primarily attributable to adjustment for birth
cohort.

Analyses restricted to the 2132 HAART-exposed children yielded similar results to those
presented in Table 3. The same six ARV drugs showed protective associations in unadjusted
but not in adjusted models, and both zidovudine and nelfinavir continued to be associated
with increased risk in unadjusted but not in adjusted models. Analyses accounting for
clustering of children within the same family or research site also yielded results very
similar to those in Table 3, with no associations observed for any ARV drug or drug class
with case status. Within the Dynamic cohort, there were again no associations between in
utero ARV exposures and case status based in adjusted models controlling for race and birth
cohort (Supplemental Table 3).
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For individual domains evaluated at each study visit (growth, neurologic, and metabolic),
Poisson regression models for comparison of incidence rates (IRs) confirmed previous
findings based on RRs (which do not account for follow-up time). More specifically,
zidovudine exposure was associated with higher incidence of metabolic cases (IR=6.10 vs.
3.88 cases per 100 person-years for zidovudine-exposed vs. unexposed), which persisted
after adjustment (adjusted incidence rate ratio [aIRR]=1.61, 95% CI: 1.01, 2.58, p=0.047;
see Supplemental Table 4). HAART and lopinavir exposure were also confirmed to have
protective associations with incidence of metabolic cases. Children exposed to efavirenz had
higher incidence of neurologic cases (IR=4.89 vs. 2.78 cases per 100 person years), although
this difference did not attain statistical significance before or after adjustment (alRR=1.77,
95% ClI: 0.95, 3.28, p=0.069).

DISCUSSION

We developed the SMARTT study as a surveillance system for monitoring potential
toxicities related to intrauterine ARV exposures in infants born to mothers with HIV
infection. Overall, our findings were very reassuring and suggested no increased risk of AE
case status for any ARV drug class or individual drug. Not only were no associations
detected, but adjusted risk ratios were very close to 1. From a safety perspective, the lack of
association is important; given both the size of this study and the relatively high background
rate of adverse outcome (25%), there was high power to detect relatively small differences
(5-8% increase in case prevalence at 80% power, depending on percent exposed).

Although no associations with overall case status were observed, some isolated findings for
specific outcomes and specific ARV drugs were noted. In particular, didanosine was
associated with increased risk of both neurologic and neurodevelopmental cases, whether
used early in pregnancy or at any time during pregnancy. In addition, the combination of
didanosine plus stavudine, while rarely used (<1%), was associated with greater than a
twelve-fold increased risk of a neurodevelopmental case, and stavudine was also associated
with a higher risk of language impairment. The high potential for mitochondrial toxicity,
including lactic acidosis, during pregnancy with didanosine plus stavudine has led to
recommendations against use of this combination.31 Other mechanisms of toxicity, such as
epigenetic effects and metabolic toxicities, may also play a role.38-40 While previous animal
studies and case reports have noted potential associations of in utero efavirenz exposure
with neural tube defects or other neurological outcomes,31-33 we observed only slightly
elevated risk of neurological case (9.8% for EFV-exposed vs. 6.0% for EFV-unexposed)
which did not attain statistical significance.

Metabolic cases, reflecting both obesity and either dyslipidemia or insulin resistance, were
most consistently associated with individual ARV drugs and regimens. Zidovudine was
associated with increased risk of metabolic cases while several other NRTIs, Pls as a class,
and individual Pls showed protective associations. The protective findings for in utero
exposure to Pls and metabolic outcomes are in contrast to the elevated risk of dyslipidemia
observed in HIV-infected children treated with Pls.34 Most youth (70%) were exposed to Pls
as part of effective combination therapy, and these protective associations may have been
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partially attributable to residual confounding since mothers not using Pls may have differed
in ways not accounted for by our covariate adjustment.

One of the most striking findings of our study was the high background rate of AEs meeting
the criteria for “cases” in this population. The most common domains within which cases
were observed were metabolic and language, with over 10% of youth affected; the high rates
of these conditions may partially reflect other risk factors associated with home
environment, socioeconomic status, and nutrition within our cohort, but these rates are likely
representative of youth born to HIV-infected mothers in the United States and other high
resource settings.

The adverse outcomes of interest in this evaluation did not include pregnancy outcomes such
as preterm birth, LBW, and congenital anomalies, which have been addressed in separate
reports.21:35:36 A comprehensive safety assessment must consider a wide range of possible
adverse outcomes. However, we evaluated multiple domains of interest which could reflect
mitochondrial dysfunction, epigenetic effects, or other mechanisms of toxicity related to
intrauterine exposures.38-40 A potential limitation of our trigger-based approach is that it
may have missed certain AEs, and all domains were treated equally which may not reflect
the relative clinical significance of toxicities across different domains. In addition, ARV
drugs could have opposing effects on different domains, which would tend to obscure
associations with overall case status. Further in-depth evaluations of separate domains are
still warranted. In addition, older children typically had longer follow-up and thus greater
numbers of trigger evaluations; this may have led to increased risk in unadjusted analyses
for “older” ARV drugs like zidovudine and nelfinavir. We accounted for this by controlling
for birth cohort and conducting time-to-event analyses for domains evaluated at every visit,
which yielded consistent findings. Nonetheless, strengths of our study were the systematic
evaluation and classification of adverse outcomes blinded to ARV exposure over multiple
domains, the large size and long-term follow-up, and the ability to control for many other
potential confounders such as maternal health and substance use. As more women with HIV
enter pregnancy already on ARVSs based on current recommendations, there is a critical need
to identify optimal regimens for both maternal and child safety in surveillance studies such
as SMARTT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Association of Overall Case Status with in utero ARV Exposures, unadjusted and adjusted

for birth cohort and other potential confounders. *Adjusted model includes black race or
Puerto Rican origin, low caregiver education (< high school), 1st trimester maternal tobacco
use, and birth cohort (2010+ vs <2010).
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Demographic and Maternal Characteristics of SMARTT study participants by Adverse Event Case Status

Case Status

Characteristic No (N=2010) Yes (N=670) Total (N=2680) P-Value®
Child Characteristics
Cohort <0.001

Dynamic 1,193 (59%) 289 (43%) 1,482 (55%)

Static 817 (41%) 381 (57%) 1,198 (45%)

Birth Cohort <0.001

<2002 258 (13%) 133 (20%) 391 (15%)

2002-2004 244 (12%) 98 (15%) 342 (13%)

2005-2007 360 (18%) 164 (24%) 524 (20%)

2008-2009 484 (24%) 192 (29%) 676 (25%)

2010-2012 664 (33%) 83 (12%) 747 (28%)

Female sex 975 (49%) 318 (47%) 1293 (48%) 0.59
Race/origin 0.009

White 515 (26%) 213 (32%) 728 (27%)

Black/African American 1,365 (68%) 406 (61%) 1,771 (66%)

Puerto Rican 80 (4%) 27 (4%) 107 (4%)

Other 12 (1%) 5 (1%) 17 (1%)
Latino/Hispanic 636 (32%) 246 (37%) 882 (33%) 0.016
Birth characteristics

Low birth weight (<2500g) 328 (17%) 168 (25%) 496 (19%) <0.001

Preterm birth (<37 weeks gestation) 380 (19%) 159 (24%) 539 (21%) 0.012

C-section at delivery 1,073 (55%) 371 (56%) 1,444 (55%) 0.59

Caregiver/Household Characteristics
Household income<$20,000 1,316 (71%) 429 (68%) 1,745 (70%) 0.21
Caregiver not high school graduate 669 (34%) 250 (37%) 919 (35%) 0.10
Maternal Characteristics
ARV Regimen during Pregnancy 0.21

Not on HAART 333 (17%) 136 (21%) 469 (18%)

HAART with P & NNRTI 127 (7%) 43 (7%) 170 (6%)

HAART with PI 1,315 (68%) 422 (64%) 1,737 (65%)

HAART with NNRTI 171 (9%) 54 (8%) 225 (8%)

Age and Marital Status

<25 years at birth of child 650 (33%) 217 (33%) 867 (32%) 0.96

Single, never married 1,293 (65%) 400 (60%) 1,693 (64%) 0.016
Maternal Immunologic and Virologic Health During Pregnancy

VL > 1000 copies/mL at delivery 297 (16%) 104 (17%) 401 (15%) 0.57

VL > 1000 copies/mL early in pregnancy 996 (54%) 343 (56%) 1,339 (54%) 0.33
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Case Status

Characteristic No (N=2010) Yes (N=670) Total (N=2680) P-Value*
CD4<250 cells/mm3 at delivery 270 (14%) 106 (17%) 376 (15%) 0.11
CD4<250 cells/mm? early in pregnancy 355 (19%) 118 (19%) 473 (19%) 0.95

Maternal Substance Use During Pregnancy
Ilicit drug use, including hard drugs 159 (9%) 55 (9%) 214 (9%) 0.74
Hard drug Use (cocaine/opiate) 49 (3%) 20 (3%) 69 (3%) 0.40
Alcohol use 156 (8%) 49 (8%) 205 (8%) 0.87
Tobacco use 336 (18%) 126 (21%) 462 (19%) 0.15

Maternal Sexually Transmitted Infections During Pregnancy
Gonorrhea 54 (3%) 20 (3%) 74 (3%) 0.68
Chlamydia 178 (9%) 47 (1%) 225 (9%) 0.15
Trichomonas 228 (13%) 64 (11%) 292 (13%) 0.10
Syphilis 65 (3%) 14 (2%) 79 (3%) 0.15
Any of above 419 (22%) 112 (18%) 531 (21%) 0.018

Page 18

HAART=highly active antiretroviral treatment, PI=protease inhibitor, NRTI=nucleoside reverse transcriptase inhibitor, NNRTI=non-nucleoside

reverse transcriptase inhibitor.

*
P-value calculated using Fisher’s Exact Test for binary characteristics and by Chi-Square Test for categorical characteristics.

Data on certain characteristics were not available for some participants, including race (n=57), ethnicity (n=3), birth characteristics (n=41 for birth
weight, 63 for gestational age, 70 for delivery by Cesarean section), maternal age at delivery (n=71), marital status (n=35), household income
(n=199), caregiver education (n=35), HAART regimen (n=79), maternal CD4 measures (n=182) and HIV RNA viral load (h=215), maternal

substance use (n=207), and maternal STIs (n=149-391, depending on STI); percentages are calculated based on those with available data.

AIDS Author manuscript; available in PMC 2017 January 02.



Page 19

WILLIAMS et al.

660  (LTT'980)00T  2T00  (OV'T'v0T) 12T ¥ 162 (444 (AdN) s1neulyeN
290 (21'T'€8'0) 96°0 020 (S0'1'6L°0) 16'0 6'Se 9'€z 9ze (Ad) J1neurdo]
880 (95T '09°0) 96°0 6€0 (68'T'8L°0) TZ'T 1'6e ¥'0E 8T (AQ1) aineurpug
ST0 (L2160 82T €10 (¢8'1'€6°0) 0E'T 0'se v'ee 8T (Ad3) aineusidweso
TL0 (6€'T'290)€6'0 0100 (880 '6€°0) 850 L'Se 0'sT 1§ (A¥Q) Iineunreq
980 (b2T'€80020T  SE00 (86'0 '59'0) 08'0 092 602 €61 (ALV) lineuezeyy
(s1d) s10Mqiyu| ssesroid
8.0 (95'T'55°0)€6'0 2200 (¢6'0 ‘2€0) ¥50 9'Ge g€l €e (Ivd) DineiBayey
S10}gIyu| aseabaju/sioyqgiyu] uoisng
880 (LzT 280 20T v1°0 (S7'7'G6°0) LT'T 8've T'6¢ 06 (dAN) auidelinaN
870 (¥2'T'€9°0) 68°0 €50 (52’1 '59'0) 06'0 €6z 8¢z Ly (A43) zuanney3
(SILYNN) s4031qiyu] ase1rdiaasuel | 8S18Aay apIS08|onu-UoN
L0 (esz'150) €T'T 670 (96'2 '65°0) €T T'Ge eee S0 1¥P +1pp
6,0  (TT'¥80)860  ¥900  (EET'66'0)GTT 8 €97 5’89 J1€+AQZ
150 (SzT'68°0)90T 1000 (SSTTTT)IET v'0C 6'92 6'€L (AQz) auipnaopiz
160 (LT'T'68°0)00T Y000 (€6'0 '89'0) 08'0 8'9¢ €1e A4 (4aL) inojous L
880  (LTT'e80)66'0  T000>  (68°0°'€9°0)SLO 6'92 zoz 762 (014) auigenornws
680  (h'1'€L0)20T 120 (99'7'28°0) 02T 0'Ge 0°0¢ ge (1pp) sutsouepi@
S9°0 (r7'1'08°0) L0°'T ST0 (297'¢60) ST'T 6'7C T (187 (1vp) suipnaels
190 (€T'T'18'0) 96°0 280 (02'1'280) 20T 1'6e 9’6z 102 (0gv) Ninedeqy
ev'0 (0T'T'08'0) ¥6°0 vT°0 (TE'T'96°0) €T'T T'€C 092 el (0.L€) autpnajureT
(s1.LYN) s4011q1yu| aserdiaosueld | 8s1aAay apIS0s|oNN
¥6'0 (LT'T'98°0) TO'T LT0 (¥0'T '8L°0) 06'0 T'L2 Sve 8'cL sid
¥5°0 (z8T'€L0)STT 9.0 (09'T'TL°0) L0°T Leg z'se 116 SILYN
180 (871 '18°0) 86'0 090 (92'1'28°0) 50T 0'se €'9¢ €T SILYUNN
L0 (91T'280)860  ¢€00  (66°0°2L°0) ¥8°0 0’62 €ve 028 LYVVH

uswifay Jo sse|d bnag AYV A9

anfeAd (1D %G6) Jd anjeA-d (1D 9%G6) 44 pesodxeun  pasodx3  pesodx3 usalad

(09v2=N) 1epoN parsnipy  (2092=N) [spOIN paisnipeun $35eD 40 JUBdJAd

snye1S ase) [eIan0 Yum Aoueubaid Bulinp awi] Auy 1e ainsodxs AMY 0.48IN Ul JO UOIRIJ0SSY

€9l|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

AIDS Author manuscript; available in PMC 2017 January 02.



Page 20

WILLIAMS et al.

(0TOZ> SA +0T0Z) MOU02 UuIq pue ‘asn 0298g0) [eualew JaisawLl 1sT ‘(Jooyds ybiy >) uoieanpa JaAlbaied moj ‘uiblio uedly 0uangd J0 8del %oe|q Sapnjoul japow paisnipy
%

Y0 (09T '18°0) ¥T'T 0€'0 (69T '58°0) 02'T 062 00€ T¢ (AOS) Jineuinbes
[ZK0) (LTT'68°0)20T  ¥00°0 (¥6°0 ‘22°0) 28°0 8Lz 622 £'€s (1918000 SB) J1ARUOHY

anfeAd (1D %G6) Jd anjeA-d (1D %G6) ¥4 pesodxeun  pasodx3  pasodx3 Jusdiad

(09v2z=N) 18P0 paasnlpy  (209z=N) [8POIN parsnipeun $95€D JO JU3dUAd

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

AIDS Author manuscript; available in PMC 2017 January 02.



Page 21

WILLIAMS et al.

250 (62'1'09°0) 880 2800 (0’7 '15°0) €20 L9 67 z'6C (4a.) sinoyous
09'0 (S€'T '65°0) 06°0 9500 (To'T *Lt°0) 69°0 L9 9 T'se (014) suiqendywz
9,00  (00€'G6'0)89T G800 (982 '€6°0) €91 09 8'6 L'y zuaiine)3
€L00 (orz'60) 2v'T ¥90°0 (802 '86°0) €V'T 8'G €8 7T SILYINN
(19pow paysnipe u1 gyez=N ‘|apou paisnipeun ur ggGz=N) d160j01naN
8600  (96°0'vC0) 870 1200 (¢6°0°22°0) 610 8yl €l 06 SILAN
(1epowr paasnipe u1 068T=N ‘|apow paisnipeun ul 290z=N) Ymos9 pairedw]
6200 (s6'0 ‘07°0) T9'0 0100 (28'0°2€0) 250 e 0L €67 (Jo1s9WILY T) JInEUONY
800°0 (82°0'0c°0) 680 9000 (£2'0'12°0) OV'0 0cT 8v VT (1a1sauiL) s T) Jineurdo]
1200 (eL'1'86'0) 0E'T ¥€0°0 (6L'T'20T) SE'T 10T LET s> (423s9WILIY T) BUIPNAOPIZ
9600 (80T '8€°0) ¥9°0 1€0°0 (56'0 '€€°0) 950 61T L9 8¢t (423s9WILIY T) J1A0JOUBL
€900  (e0T'8T0)¥S0  LT0°0 (280 '%2°0) S0 61T 4 zo1 (Ja1s9UILY T) BUIGENDLIWT
1000 (18°0 ‘€¥°0) 650 1000 (eL0'0¥'0) ¥5°0 0T Gl o€y (491500q SB) JIneUOHY
810 (91160 22T Lv0'0 (L2T'00T) EET zot 9'€T T'6C (ERINIITEN
7000>  (69°0‘T€0)9¥0  T000 (¥9°0 '62°0) €70 7€l 8'G G582 (Ad) dineurdoTy
2200 (¥9'2 '80'T) 69'T 7000 (68'C'€2'T) 88T 99 v'el 9'6. (A@2) suipnaopiz
9600 (90T '87°0) TL'0 1100 (680 ‘'07°0) 090 €T €L 91 (4@1) snojoua
6v00 (00T '8€0)290 9000 (€8°0'1€°0) 150 rAAS z9 91 (0.14) sugenowz
2100 (26'0'25°0) 69°0 6000 (16'0 '25°0) 69°0 VI 6'6 2oL sid
7000 (z8'0 'v¥°0) 09°0 1000 (€8'0 '9v°0) 290 09T 00T 0'6L 1¥VVH
(19pow paysnfpe ut ygST=N ‘[9pow paisnfpeun ul 0¥9T=N) AnjewIouqy d1j0geldN
9800  (6T7'SOT)OT'C 000 (88°€'56'0) 26'T 0€T 0'6e 971 (Je1s8WLY 5T) BUIPNAEBIS
200  (TS0c'vTT)¥8% 0900  (L2'ST'¥6'0) 6L°€ zer 005 10 1vP + 1pp
7200 (797 '86°0) LT'T 1100 (¥91'26'0) LT (14 zsT L'8g (Ad) dineurdoT
1200 (82'€'56'0) LL'T 170 (TT'€ '68'0) 99'T 0°€T 9Te g (Lvp) sutpnaels
(1spow paisnipe ul #/$T=N ‘[3pow paisnipeun ul zgyT=N) Juswiredw| sbenbue]
anjen-d (1D %56) 44 anfen-d4 (1D %56) ¥4 pasodxaun  pasodx3  pasodx3 Jusdtad ainsodx3 AYV/urewoq
L18PON paisnlpy JoapoN paisnipeun SaseD JO Judduad

sisAjeue paisnipe Jo paisnipeun Jayie ui 0T 0>d ylim sainsodxa 10} ‘surewloq 914198dS Ul SNIelS ased YUM 3insodxa AW 041N Ul JO UOIIRID0SSY

v alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

AIDS Author manuscript; available in PMC 2017 January 02.



Page 22

WILLIAMS et al.

(0T0Z> SA +0T0Z) HOY09 yuIg pue “eisdure|os-aid 10 BILUIGXO} [eUIBYELL 3SN |OYOD[e [eUIaTeLl JBISAWL) 1T :surewoq ajdnin

0T0Z> SA +0T0Z) MOY02 YIg pue “ersdwe|ds-aid/e1waxo) ‘sa1ageIp [euoneisab-aid ‘asn 029eq0) [eulsTew Ja1SawL 4o T (Jooyds ybiy >) uoneanpa Jaaibared moj :aN/o16ojoanaN
18

Author Manuscript

(1eak/>102$>) awooul pjoyasnoy moj :3uswdolanspoinaN
(0T0Z> SA +0T0Z) HOY0D LI pue ‘eIsdwe|os-aid/e1waxo) ‘sajagelp [euorelsal-aid ‘asn 00eq0) [eusew Jalsawliy 1T :9160j04naN

(0T0Z> SA +0T0Z) 1oyod yuig pue ‘A1aAljap 1e (SIA Gz>) abe Jeutayew BunoA ‘Aoueubaid Buinp asn 092eq0] [eUJSIRW :YIMOID)
(0T0Z> SA +0T0Z) HOY0d YMIq pue ‘eayiouch feutarew ‘A31o1uyia ourle] ‘seagelp [euolielsab-aid :1jogeIsn
X3S 9[ewWsa) pue Uoneanpa J1aA1Baes moj :abenbue]

:Urewiop yoea 10} Sarelienod Buimo)|o) 8yl sapnjoul [apow paisnipy
M

1,00 (LoT'8T°0) VP70 6800 (TT'T '22°0) 050 v'S Lz 9'8 (Ja1s9WLIY 1T) SILINN
7€0°0 (56'0 ‘22°0) 050 2r0 (eT'1'9€°0) ¥9°0 e ge €Yl SILYUNN
(13pow pajsnfpe u1 69gg=N ‘|apow pasnipeun ut T09z=N) (¢ 1sea] Je) surewoq s|dNIA U1 aseD
0€'0 (8T'T'65°0) €8°0 Lv0'0 (00'T‘15°0) TL'0 €8 6'S 962 (49159 55T) JineUONY
8100 (0T'v 'vT'T) 9T°C L00°0 (szv'9zT)1EC G/l €L1 0C (4a1s8WL1 16T BUISOUEPIQ
¥50°0 (80'€ '66'0) SL'T 8€0°0 (20'e'e0T) 8L'T gL €T ge (Ipp) suisouepi@
G200 (96'0'26°0) 02°0 ¥S€0 (Z1'1'59'0) 280 68 vl T€L (0.L€) autpnajure
(1spow paisnipe ul gEz=N ‘|1apow paisnipeun ul 8g5z=N) |eruswdo|anspoinaN Jo 2160j04naN
910 (8T'T'5€°0) ¥9°0 G600 (60'T ‘€€°0) 09°0 A 1€ 9'Z€e (4o1s9UILIY ) SUIPNAIUIET
LT'0 (ZrT't7°0) 0L°0 6500 (T0'T'2€0) 190 29 8'€ '89 J1€ + AQZ
7000  (80'62 '62'S)Ov'eT  T000  (TT'SE '¥S'9) GT'ST vy 1’99 20 1vP +1pp
€00 (te's'e6'0) 22T Lv0'0 (92'6'T0T) T €Y 70T 8¢ (1pp) sutsouepi@
8500 (20T '9g°0) 09°0 2100 (28'0'1€°0) 250 0L 9€ 0'€L (0L€) auipnAle]
6500 (¥0'T 'v1°0) 8€°0 2To (02’1 '02°0) 6V°0 0'S v'e 29T SILYNN
0100 (e8°0'22°0) L0 LT0°0 (880 '82°0) 050 6L (187 17'G8 LYVVH
(1spow paisnipe u1 G9TT=N ‘[8pow paisnipeun ul 9,zT=N) Juswiredw| [eauswdojaAspoInaN
€20 (LT'T'e50)8L°0 8200 (560 ‘e7°0) ¥9°0 8'9 vy 9'6e (41s8LULI 16T JineUONY
910 (67'2 '88'0) 6€'T 9600 (ee'2'e6'0) 8Y'T 09 8'8 78 (1358WLY 15T) J1ARULIIN
20 (0z'T 'vr0) L0 0L00 (¥0'T ‘T¥°0) 99°0 99 €Y 6'LT (1a153WLI 1sT) J1AOJOUB L
80 (FET'97'0) 6L°0 8.00 (50T '6€°0) ¥9°0 9'9 A4 96T (1a158WL1 16T) BUIGENdLIWT
2900 (8e'7 '96'0) 90'C 9200 (tsv'orT) €z 09 GeT 0C (Ja1s9WIL T) BuIsouEPIQ
anjen-d (1D %56) 44 anfen-d (1D %56) ¥d pasodxaun  pasodx3  pasodx3 Juaddad ainsodx3 AYV/urewoq

LJ3PON paisnipy

[9poIN parsnfpeun

Ssase) JO Juadlad

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2017 January 02.

1

AIDS Author manuscript



