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Abstract

Purpose of Review Although antiretroviral therapy (ART) has dramatically reduced mother to child transmission of HIV, data
continue to mount that infants exposed to HIV in utero but are not infected (HEU) have serious negative health consequences
compared to unexposed infants. This review evaluates recent literature on contemporary issues related to complications seen in
pregnant women with HIV and their offspring.

Recent Findings Current studies show that HEU infants are at a high risk of adverse outcomes, including premature birth, poor
growth, neurodevelopmental impairment, immune dysfunction, infectious morbidity, and death. Etiologies for the observed
clinical events and subclinical alterations are complex and multifactorial, and the long-term consequences of many findings
are yet unknown.

Summary HEU infants have an unacceptable rate of morbidity and mortality from perinatal HIV and ART exposure, even in the
modern ART era. Continual monitoring and reporting is imperative to protect this vulnerable population in our everchanging
landscape of HIV treatment and prevention.

Keywords Perinatal HIV - HIV-exposed - Uninfected infants - Antiretroviral therapy - Drug safety in pregnancy - Mitochondrial
toxicity - Morbidity and mortality

Introduction

Few can argue the dramatic impact that antiretroviral therapy
(ART) given to pregnant women and their infants has had on
the prevention of maternal to child transmission (PMTCT) of
HIV. It is arguably one of the best achievements to date toward
the end to the HIV epidemic. Yet, data continue to mount that
infants exposed to HIV in utero but are not infected (i.e., HIV-
exposed/HIV-uninfected (HEU)) have serious negative health
consequences compared to infants who have not been exposed
(HIV-unexposed/HIV-uninfected (HUU)). During the early
years of ART, concerns centered around mitochondrial toxicity
related to antiretroviral drug exposure. Clearly, however, the
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observed clinical events and subclinical alterations in HEU in-
fants extend well beyond these complications and are complex
and multifactorial. Moreover, as new antiretrovirals (ARVs)
become available and with the upscale of Option B+ (universal,
lifelong ART for all pregnant and breastfeeding women with
HIV), we must stay vigilant to a rapidly changing landscape of
risk in these vulnerable infants. This review evaluates recent
literature on contemporary issues related to complications seen
in pregnant women with HIV and their offspring.

Mitochondrial Dysfunction

Since early in the HIV epidemic, numerous studies have re-
ported alterations in mitochondrial DNA (mtDNA) levels, ab-
normal histological morphology of mitochondria, and
mtDNA mutations in HEU infants exposed to ART [1, 2].
Nucleoside reverse transcriptase inhibitors (NRTIs), in partic-
ular, have been implicated for this effect due to their affinity to
bind to mitochondrial gamma DNA polymerase and disrupt
mitochondrial replication [3]. Zidovudine, the most common-
ly used antiretroviral for PMTCT, has received the most
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attention. However, this effect is possible with all NRTIs,
which continue to be the backbone of ART therapy for both
pregnant women with HIV and their exposed infants. These
mitochondrial alterations can lead to mitochondrial dysfunc-
tion, which most often manifests as mild and transient labora-
tory abnormalities, such as hyperlactatemia. Several
concerning early reports of children with seizures, cognitive
and motor delays, cardiac dysfunction, among other abnor-
malities [4, 5] have not been duplicated in subsequent studies,
and severe clinical symptoms are generally thought to occur
only rarely [6].

However, new studies continue to emerge describing ad-
verse events and poorer clinical outcomes among HEU infants
compared to HUU infants, which are described in detail in
subsequent sections. Many of these have plausible links to
mitochondrial dysfunction; relevant studies are highlighted
in each section. Admittedly, these adverse outcomes are often
multifactorial, and establishing causal relationships is diffi-
cult. Yet, we must stay open to the possibility that the well-
recognized aberrations in mtDNA play a role in some of these
effects. Moreover, despite some reassuring longitudinal data,
it is too soon to know the long-term consequences of mtDNA
alterations and mitochondrial dysfunction.

Adverse Birth Outcomes

Many recent studies continue to show that women with HIV
have an increased risk of preterm delivery (PTD) and delivering
infants who are small for gestational age (SGA), have a low
birth weight (LBW), or have a birth weight significantly lower
than HUU controls [7-10]. Not surprisingly, increasing ART
use appears to decrease risk in some settings, presumably due to
improved maternal health; however, the risk remains increased
[10e, 11¢], and the etiology is clearly complex. Indeed, even in
studies where the majority of women are virologically sup-
pressed, the risk of adverse birth outcomes is higher compared
to uninfected women [8]. This is likely due to the numerous
immunological, metabolic, and cardiovascular alterations that
occur in HIV despite virological suppression. There is little
doubt that these same alterations continue during pregnancy
as well, even with virological suppression [12].

Moreover, other studies have suggested that pre-conception
ART actually increases the risk of adverse birth outcomes. In
Snijdewind et al. [13¢], the risk of delivering an SGA infant was
higher in women who had started ART prior to conception vs.
those who started after conception, and there was a similar
nonsignificant trend toward pre-conception ART and PTD.
Similarly, two other studies have shown a significant relation-
ship between pre-conception ART and PTD [9, 14¢]. A higher
rate of spontaneous abortion or stillbirth was also seen in wom-
en who conceived on ART, but the findings did not remain
significant in the as-treated analysis [15].

Importantly, protease inhibitors (PIs), in particular, appear
to increase the risk of PTD [8, 13, 14¢, 16]. The highest PTD
rates were observed in women who conceived on lopinavir/
ritonavir (LPV/r), irrespective of baseline CD4 count. Women
who conceived on other PI/r-based regimens also had a higher
PTD risk when their CD4 counts were <350 cells/mm3 [14].
More data are needed, but the effect of Pls on progesterone
levels provides a potential mechanism [17]. On the other hand,
rates of adverse birth outcomes with regimens that include
tenofovir disoproxil fumarate (TDF) appear comparable to
other regimens [18, 19], but data are limited.

Notably, a recent study showed that higher levels of soluble
endoglin (which inhibits the actions of transforming growth
factor and acts as an antiangiogenic factor) were associated
with PTD and stillbirths in women with HIV on ART, and
lower levels of placental growth factor were associated with
SGA births [20]. This study was limited, however, by a lack of
an HIV-uninfected comparator group. Another small cross-
sectional study investigated mitochondrial, oxidative, and ap-
optotic placental abnormalities in 24 pregnant women with
HIV and the relationship with adverse birth outcomes. The
authors found a significantly depleted mtDNA content, an
increase in oxidative stress, and a trend toward increased ap-
optosis in the placenta; however, there was no correlation
between these abnormalities and PTD or SGA infants, which
may have been due to the limited sample size [21]. Clearly,
additional studies are needed to further delineate the risk and
etiology of these adverse birth outcomes in HEU infants.

Infant Growth

Equally important are subsequent growth patterns and weight
gain after birth, especially given that many HEU infants are
born SGA or premature. Early infant growth and weight gain
appear to be impaired compared to controls in several studies
[9, 22-25], although the implementation of Option B+ may
have a positive impact on postnatal weight gain [26-28]. A
recent study showed that HEU infants had small but consistent
deficits in early growth trajectories which were associated
with a doubled risk of stunting by 12 months of age.
Interestingly, however, overweight status (weight-for-length
z-score >2) was common in both HEU and HUU infants
(16% and 18%, respectively). These findings likely reflect
the current environment of universal maternal ART and
breastfeeding in this peri-urban area of South Africa,
highlighting the changing landscape of HIV treatment and
the need for on-going surveillance and continued research.
Similarly, third trimester maternal vitamin D status was asso-
ciated with infant growth parameters in a cohort of HEU in-
fants in the USA [29]. Vitamin D supplementation trials in
pregnant women with HIV and their infants are warranted.
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Despite the multifactorial nature of infant growth in HEU
infants, malnutrition, gastrointestinal infections, and systemic
immune activation undoubtedly have negative impacts [24].
There may also be a differential effect of various ARVs on
growth parameters. In a recent study, infants born to asymp-
tomatic mothers who did not qualify for ART were random-
ized to receive 7 days of either LPV/r or lamivudine [30]. At
26 weeks, infants who received LPV/r had poorer weight gain
than infants who received lamivudine. Tenofovir, in contrast,
does not appear to have a significant effect on general infant
growth [31-33]. However, due to TDF’s detrimental bone
effects in people with HIV [34], a number of studies have
evaluated fetal and infant bone growth in HEU infants.
Despite an earlier study showing significantly lower neonatal
bone mineral content [35], subsequent studies have not found
a similar association even up to 12 months of follow-up [31,
36, 37+¢]. While reassuring, more sensitive measures of bone
health may be needed, as well as a longer duration of follow-
up to adequately assess long-term bone effects from TDF and
other ARVs in HEU children.

Metabolic Complications

One aspect of mitochondrial health includes the biochemical
reactions which produce cellular metabolites or energy and lo-
calize to the mitochondria, such as fatty acid oxidation, glycol-
ysis, and parts of amino acid catabolism. Intermediary metabo-
lites involved in these metabolic pathways include acylcarnitines
and amino acids, the latter of which includes branched-chain
amino acids (BCAAs). Previous studies have shown that HEU
infants exhibit higher rates of abnormal acylcarnitine profiles
than HUU infants, which are associated with in utero PI expo-
sure [38]. Moreover, Jao et al. [39] demonstrated that there was a
strong relationship between long-chain acylcarnitines and lower
levels of mtDNA content and between short-chain and BCAA-
related acylcarnitines and higher mtDNA content among HEU
infants exposed to zidovudine. Likewise, another study by Jao
et al. [40] showed that the acylcarnitine profile and BCAA were
associated with altered insulin metabolism in HEU infants at
6 weeks of age. Together, these studies raise concerns that
mtDNA alterations and dysfunction alter fuel utilization.
Whether these changes affect neonatal growth and weight gain
need to be explored. Moreover, whether these changes affect the
long-term risk of metabolic complications, such as obesity or
diabetes, deserve investigation.

Infectious Morbidity and Mortality
Dozens of studies over the last several decades have reported

an increased risk of mortality in HEU infants and children
compared to HUU infants, even when adjusted for
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confounders. A recent meta-analysis by Brennan et al. con-
firmed this finding [41]. The authors evaluated 22 studies with
a total of 29,212 participants, demonstrating a 60-70% in-
creased risk of death in HEU vs. HUU infants at every age
strata over the first 2 years of life. The increased mortality
remained even after 2002, when the availability of PMTCT
services was widespread. In these and other newer studies,
mortality is predominately driven by infections, which occur
at a greater rate, with increased severity, and with higher rates
of treatment failure [42—47]. The differential effect is certainly
multifactorial, with contributions from a variety of factors,
such as HIV-related immunosuppression, poorer maternal
health, poor transplacental maternal IgG antibody transfer,
and differences in modes of feeding [48—51]. Importantly, in-
fants born in high-income countries are not immune from this
increased risk [52].

Not surprisingly, uncontrolled HIV infection appears to
play arole. For example, Yeganeh et al. [53] evaluated infants
in HPTN 040/PACTG 1043 trial, whose mothers received no
antiretroviral agents during pregnancy. They observed high
rates of undernutrition, stunting and serious infectious mor-
bidity within this cohort of 1000 HEU infants. Notably, viral
loads greater than 1 million copies/mL were associated with
increased rates of infectious serious adverse events, suggest-
ing a direct role of the HIV virus in immune dysregulation in
HEU infants. This study had a number of confounders, such as
a lack of breastfeeding, high rates of no prenatal care, and
maternal immunosuppression. Nevertheless, pre-conception
ART appears to reduce the risk of infection-related hospitali-
zations [54¢], emphasizing the positive impact of virological
control on these outcomes.

Importantly, exclusive breastfeeding also decreases mortal-
ity in HEU infants, regardless of maternal ART status [55],
and current World Health Organization (WHO) Consolidated
Guidelines recommend that mothers with HIV should either
breastfeed exclusively and receive ART or avoid
breastfeeding entirely. A new study shows that exclusive
breastfeeding also mitigates the infectious morbidity risk in
these infants [56¢]. However, in some settings, such as in
high-income countries with access to clean water, high-
quality formula, and specialized medical treatment, the bene-
fits of breastfeeding must be weighed against the risk of HIV
transmission. There is still a risk of HIV transmission via
breastmilk, even with maternal virological suppression (unde-
tectable HIV-1 RNA levels), albeit the risk is small (in Flynn
et al. [S7], 0.3% and 0.6% at 6 and 12 months, respectively).

Immune Dysfunction, Immune Activation,
and Inflammation

Infectious morbidity and mortality among HEU infants led to
investigations of possible immune abnormalities, which have
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revealed the wide range of immune dysfunction in this vul-
nerable population [58, 59]. Some of these abnormalities
clearly affect immune function [60] and may account for some
of the observed infectious morbidity and mortality. However,
other abnormalities, namely increased inflammation and im-
mune activation [24, 61-63] could have additional implica-
tions, as this is a driver of non-AIDS comorbidities in people
with HIV [64].

Dirajlal-Fargo et al. [62+] compared 86 HEU infants (80%
born to mothers with undetectable HIV-1 RNA) to 88 HUU
infants from a cohort in Brazil. The study reported statistically
higher levels in HEU infants at birth for a number of inflam-
matory markers, including soluble tumor necrosis factor re-
ceptor [ (STNFR-I), interleukin-6, interferon gamma-induced
protein 10, oxidized low-density lipoprotein, high-sensitivity
C-reactive protein, soluble CD14 (sCD14), and soluble
CD163. Mean differences between the two groups, however,
were small (e.g., mean (standard deviation) sSTNFR-I in HEU
infants was 3.32 (0.16) vs. 3.25 (0.14) pg/mL in HUU in-
fants). Differences between the two groups diminished further
by 6 months of age, with some markers significantly higher in
the unexposed group by this second time point, raising some
doubt to the clinical significance of these findings.

Arguably, the more interesting finding in the aforemen-
tioned study was that levels of inflammatory markers in
HEU infants were not significantly correlated with maternal
levels and remained unchanged after adjustment for maternal
levels, demonstrating that increased levels are not solely due
to exposure to a pro-inflammatory in utero milieu. In fact,
another study reported data that support this finding. In
Baroncelli et al. [24], plasma levels of lipopolysaccharide-
binding protein, a marker of microbial translocation, was
strongly correlated with the immune activation marker,
sCD14, in HEU infants, but neither was correlated with ma-
ternal parameters (viral load, CD4 cell count, or WHO stage).
This study demonstrates that HEU infants have an intestinal
barrier disruption that contributes to systemic immune activa-
tion and emphasizes the multiple pathways and complexities
that affect the immune system in this population.

Similarly, another recent study has made a crucial link be-
tween metabolic stress, mitochondrial dysfunction, and al-
tered fetal immune responses among HEU infants [65¢¢].
Pregnancy, even in the best of circumstances, places extreme
metabolic and nutritional requirements on both the mother and
infant. In the face of maternal infection, pharmacological ex-
posure, and often malnutrition, metabolic demands activate
stress responses in the endoplasmic reticulum and mitochon-
dria, which induce potent pro-inflammatory pathways. As de-
scribed above, certain ARVs, such as zidovudine, can also
reduce mitochondrial DNA polymerase, contributing to fur-
ther mitochondrial stress. By using novel, highly sensitive
metabolomic techniques, Schoeman et al. [65¢¢] detected ex-
tensive lipid and mitochondrial dysregulation in cord blood

from 15 ART-exposed HEU infants compared to 12 HUU
infants. For example, 13 reactive oxygen species (ROS)-cata-
lyzed lipid peroxidation metabolites (generated by mitochon-
dria upon cell stress) were identified in HEU infants compared
to none in HUU infants, indicating altered mitochondrial func-
tioning. Likewise, lipid profiles in HEU infants were charac-
terized by increased triglyceride species and decreases in
phospholipid species, indicative of endoplasmic reticulum
stress. Moreover, not only were pro-inflammatory cytokines
higher in the HEU infants, but the accumulated pro-
inflammatory metabolic mediators were significantly and ex-
tensively associated with pro-inflammatory cytokines and
chemokines. These results reveal potential mechanisms by
which mitochondrial dysfunction and altered metabolic pro-
cesses can lead to pro-inflammatory immune responses and
altered immune function in HEU infants.

Congenital Abnormalities and Cardiac
Dysfunction

The data estimating the risk of major congenital abnormalities
associated with perinatal HIV and ART exposure continue to
be generally reassuring [66—71], including a recent meta-
analysis evaluating pre-conception ART use [67] and a study
including elvitegravir [71]. The authors acknowledge, howev-
er, that data for the extent and severity of these risks are scarce
and of lower quality. Thus, we must stay vigilant to possible
risks, as new concerns arise. One study recently linked first
trimester zidovudine exposure to congenital heart defects
(ventricular septal defects) and postnatal myocardial remodel-
ing in girls [72], again raising the concern over mitochondrial
toxicity with zidovudine use. While another study did not find
a similar risk of congenital heart defects [73], a third study did
find subclinical differences in left ventricular structure and
function [74]. Longitudinal studies are therefore needed to
assess long-term risk of cardiac dysfunction in ART-exposed
HEU infants.

Similarly, Berard et al. [75] described an increased risk of
small intestine defects and other defects of the digestive sys-
tem (N=2) which evaluated 198 infants with first trimester
ART exposure among 214,240 pregnancies from 1998 to
2015 using the Quebec Pregnancy Cohort. There was also a
trend toward an increased risk of defects of the great arteries
and other cardiac malformations (N = 2) and defects of the feet
(N =3). While the study had limitations and the absolute num-
ber of cases was small, continued surveillance is needed, es-
pecially within large cohorts. Of note, ART exposure occurred
in the setting of pre-exposure prophylaxis (PrEP) for 10 preg-
nancies, highlighting the evolving nature of ART exposure
and the growing number of susceptible infants.

Likewise, integrase inhibitors are now the preferred first-
line treatment in many countries. While raltegravir is currently
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the only approved integrase inhibitor in pregnancy, the others
are often used off-label for a number of reasons, such as once
daily dosing and/or well-controlled virus with one of these
ARVs prior to conception. Preliminary results from the on-
going Tsepamo surveillance study in Botswana triggered an
early signal for a potential increased risk in neural tube defects
(NTDs), despite earlier data reporting no concerns [76, 77].
Four cases of NTDs were identified out of 426 infants born to
women with HIV taking dolutegravir (DTG)-based regimens
at conception (0.94% prevalence vs. 0.12% in women not on
DTG) [78¢¢]. Continued surveillance showed no additional
NTD cases, decreasing the prevalence to 0.67%, which is
reassuring yet still higher than other non-DTG regimens
[79]. Thus, avoidance of DTG in women desiring to conceive
or during the first trimester is advisable until further data be-
come available. The other integrase inhibitors have not yet
been implicated, although few data currently exist for
bictegravir. Integrase inhibitors do not appear to inhibit folate
transport [80], but other mechanisms which could affect folic
acid metabolism have not been adequately evaluated.

While much attention is paid to the potential consequences
of ART drug exposure, adverse outcomes in HEU infants are
complex and likely multifactorial. Importantly, Berard et al.
did show a significantly higher prevalence of major congenital
malformations in infants who were exposed to HIV without
ART exposure (N =169) compared to the control population
(14.8% vs. 8.6%, P=0.004). Thus, the role of HIV exposure
independent of ART exposure should not be ignored.

Neuropsychological Development

A number of studies have evaluated the risk of neuropsy-
chological development in HEU infants, given that HIV is
neurotropic and some of the commonly used ARVs in the
PMTCT, such as efavirenz, have neuropsychiatric side ef-
fects. While some studies are reassuring [81-86], other
studies have demonstrated that HEU children have signif-
icantly lower neurodevelopmental outcomes than HUU
controls [87-91]. The heterogeneous results likely reflect
the numerous confounders, including differences in pover-
ty levels, nutritional status, maternal education, PTD, and
perinatal ART exposure. A recent meta-analysis did show
lower cognitive and motor scores among HEU infants,
while trying to control for a number of these confounders
[92¢], but more data are needed. Differences among vari-
ous ARVs also need to be further evaluated, as some stud-
ies, but not all, show differential effects [90, 93, 94].
Neurodevelopmental effects in HEU infants may also not be
evident initially, requiring a longer duration of follow-up. For
example, one recent cross-sectional, nested case-control study
looked at the risk of autism spectrum disorder (ASD) among
HEU children, as both have been associated with mtDNA

@ Springer

alterations [95]. HIV-exposed, uninfected children with ASD
were matched approximately 1:3 on age, sex, and ethnicity to
HEU children without ASD, HUU children without ASD, and
HUU children with ASD. Among 299 HEU children, 4.7%
were diagnosed with ASD, which is higher than the general
population prevalence estimates. HEU children with ASD
had significantly higher leukocyte mtDNA content than all oth-
er study groups, suggesting that mitochondrial dysfunction
may contribute to ASD risk in this population.

Cancer Risk

While we now recognize many of the short-term ramifications
of HIV and ART exposure in infants, the long-term conse-
quences of mtDNA, immune dysfunction, and other alter-
ations are largely unknown. An increased cancer risk has been
proposed, given that NRTTs all cross the placenta (with some
actively concentrated in amniotic fluid), enter cells, and can
integrate into human DNA after phosphorylation. Initial con-
cerns were focused on mtDNA, as NRTIs bind to mtDNA and
inhibit DNA polymerase-y, which is responsible for mito-
chondrial DNA replication. Additional concerns, however,
have been raised regarding genotoxicity due to interactions
with nuclear DNA.

Ivyetal. [96] evaluated a cohort of children in New Jersey
who had been exposed to ART from 1995 to 2008 with a
median follow-up of 9.8 years and identified 4 cancer diag-
noses. They did not observe a statistically different incidence
of cancer compared to the expected number of cases.
Although reassuring, this study lacked data on timing and
duration of ART exposure and did not provide specific med-
ication history. In contrast, HEU children exposed to NRTIs
from a French cohort were evaluated for cancer risk com-
pared to the general population. A total of 21 cancers were
identified among 15,163 children with a median age of
9.9 years exposed to at least one NRTI in utero between
1990 and 2014. Five children were exposed to zidovudine
monotherapy, and 16 were exposed to various combinations,
7 of which included didanosine. Didanosine accounted for
only 10% of prescriptions but was associated with one-third
of cancers. In a multivariate analysis, didanosine exposure
was significantly associated with a higher risk [hazard ratio
(95% confidence interval) = 3.0 (0.9-9.8)] which increased
further with first-trimester exposure [hazard ratio (95% con-
fidence interval) = 5.5 (2.1-14.4)]. While the total number
of cancer cases did not differ significantly from that expected
for the general population, the incidence was double that
expected after didanosine exposure [97, 98e¢].

Fortunately, the harm of didanosine has now been recog-
nized and has been replaced by newer, arguably safer, ARVs.
However, children in these two aforementioned studies had
median ages of only 10 years, necessitating continued
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surveillance for cancer risk related to not just didanosine but
other ARV, as they age into adulthood.

Conclusions

Although ART has dramatically reduced maternal to child
transmission of HIV, HEU infants continue to experience an
unacceptable amount of negative health effects, even in the
modern ART era. Similarly, despite some reassuring longitu-
dinal data, it is too soon to know the long-term metabolic,
immunologic, and oncogenic consequences of perinatal HIV
and ART exposure. Adding to the complexity, newer agents
are being used with greater frequency and for longer durations
during pregnancy, and now ARVs are used not only in preg-
nant women with HIV but also as PrEP to women without
HIV. Thus, the total number of potentially affected children
will continue to dramatically increase worldwide. Continual
monitoring and reporting is imperative to protect this vulner-
able population in our everchanging landscape of HIV treat-
ment and prevention.

Compliance with Ethical Standards

Conflict of Interest  Dr. Kirk reports personal fees, non-financial support
and other from Thera Technologies, outside the submitted work. Dr.
Eckard reports personal fees and non-financial support from
Theratechnologies, Inc. and Gilead Sciences, outside the submitted work.
Dr. Hagood has nothing to disclose.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:

+ Of importance

*« Of major importance

1. Ross AC, Leong T, Avery A, Castillo-Duran M, Bonilla H,
Lebrecht D, et al. Effects of in utero antiretroviral exposure on
mitochondrial DNA levels, mitochondrial function and oxidative
stress. HIV Med. 2012;13(2):98-106.

2. McComsey GA, Kang M, Ross AC, Lebrecht D, Livingston E,
Melvin A, et al. Increased mtDNA levels without change in mito-
chondrial enzymes in peripheral blood mononuclear cells of infants
born to HIV-infected mothers on antiretroviral therapy. HIV Clin
Trials. 2008;9(2):126-36.

3. Brinkman K, ter Hofstede HJ, Burger DM, Smeitink JA, Koopmans
PP. Adverse effects of reverse transcriptase inhibitors: mitochondri-
al toxicity as common pathway. AIDS. 1998;12(14):1735-44.

4. Blanche S, Tardieu M, Rustin P, Slama A, Barret B, Firtion G, et al.
Persistent mitochondrial dysfunction and perinatal exposure to an-
tiretroviral nucleoside analogues. Lancet. 1999;354(9184):1084-9.

10.

1.

12.

14.»

15.

16.

18.

Barret B, Tardieu M, Rustin P, Lacroix C, Chabrol B, Desguerre 1,
et al. Persistent mitochondrial dysfunction in HIV-1-exposed but
uninfected infants: clinical screening in a large prospective cohort.
AIDS. 2003;17(12):1769-85.

Brogly SB, Ylitalo N, Mofenson LM, Oleske J, Van Dyke R, Crain
M, et al. In utero nucleoside reverse transcriptase inhibitor expo-
sure and signs of possible mitochondrial dysfunction in HIV-
uninfected children. AIDS. 2007;21(8):929-38.

Ekubagewargies DT, Kassie DG, Takele WW. Maternal HIV infec-
tion and preeclampsia increased risk of low birth weight among
newborns delivered at University of Gondar specialized referral
hospital, Northwest Ethiopia, 2017. Ital J Pediatr. 2019;45(1):7.
Dara JS, Hanna DB, Anastos K, Wright R, Herold BC. Low birth
weight in human immunodeficiency virus-exposed uninfected in-
fants in Bronx, New York. J Pediatric Infect Dis Soc. 2018;7(2):
e24—9.

Ramokolo V, Goga AE, Lombard C, Doherty T, Jackson DJ,
Engebretsen IM. In utero ART exposure and birth and early growth
outcomes among HIV-exposed uninfected infants attending immu-
nization services: results from National PMTCT Surveillance,
South Africa. Open Forum Infect Dis. 2017;4(4):0fx187.

Stringer EM, Kendall MA, Lockman S, Campbell TB, Nielsen-
Saines K, Sawe F, et al. Pregnancy outcomes among HIV-infected
women who conceived on antiretroviral therapy. PloS One.
2018;13(7):e0199555. This study shows that even in the era of
increasing ART use, adverse birth outcomes are still high for
HEU infants.

Dadabhai S, Gadama L, Chamanga R, Kawalazira R, Katumbi C,
Makanani B, et al. Pregnancy outcomes in the era of universal
antiretroviral treatment in sub-Saharan Africa (POISE Study). J
Acquir Immune Defic Syndr. 2019;80(1):7—14. Although increas-
ing ART use has improved adverse birth outcomes, the rates are
still high for HEU infants.

Zhou Z, Powell AM, Ramakrishnan V, Eckard A, Wagner C, Jiang
W. Elevated systemic microbial translocation in pregnant HIV-
infected women compared to HIV-uninfected women, and its in-
verse correlations with plasma progesterone levels. J Reprod
Immunol. 2018;127:16-8.

Snijdewind IJM, Smit C, Godfried MH, Bakker R, Nellen J, Jaddoe
VWYV, et al. Preconception use of cART by HIV-positive pregnant
women increases the risk of infants being born small for gestational
age. PloS One. 2018;13(1):e0191389. This study demonstrates
that the risk of an SGA infant and PTD may increase with the
use of pre-conception ART.

Favarato G, Townsend CL, Bailey H, Peters H, Tookey PA, Taylor
GP, et al. Protease inhibitors and preterm delivery: another piece in
the puzzle. AIDS. 2018;32(2):243-52. This study describes an
increased risk of PTD with the use of protease inhibitors.
Hoffman RM, Brummel SS, Britto P, Pilotto JH, Masheto G,
Aurpibul L, et al. Adverse pregnancy outcomes among women
who conceive on antiretroviral therapy. Clin Infect Dis.
2019:68(2):273-9.

Mesfin YM, Kibret KT, Taye A. Is protease inhibitors based anti-
retroviral therapy during pregnancy associated with an increased
risk of preterm birth? Systematic review and a meta-analysis.
Reprod Health. 2016;13:30.

Papp E, Mohammadi H, Loutfy MR, Yudin MH, Murphy KE,
Walmsley SL, et al. HIV protease inhibitor use during pregnancy
is associated with decreased progesterone levels, suggesting a po-
tential mechanism contributing to fetal growth restriction. J Infect
Dis. 2015;211(1):10-8.

Rough K, Seage GR 3rd, Williams PL, Hernandez-Diaz S, Huo Y,
Chadwick EG, et al. Birth outcomes for pregnant women with HIV
using tenofovir-emtricitabine. N Engl J Med. 2018;378(17):1593—
603.

@ Springer



498 Curr HIV/AIDS Rep (2019) 16:492-500

19. Chetty T, Thorne C, Coutsoudis A. Preterm delivery and small-for- 35. Siberry GK, Jacobson DL, Kalkwarf HJ, Wu JW, DiMeglio LA,
gestation outcomes in HIV-infected pregnant women on antiretro- Yogev R, et al. Lower newborn bone mineral content associated
viral therapy in rural South Africa: results from a cohort study, with maternal use of tenofovir disoproxil fumarate during pregnan-
2010-2015. PLoS One. 2018;13(2):¢0192805. cy. Clin Infect Dis. 2015;61(6):996-1003.

20. Conroy AL, McDonald CR, Gamble JL, Olwoch P, Natureeba P, 36. Jao J, Abrams EJ, Phillips T, Petro G, Zerbe A, Myer L. In utero
Cohan D, et al. Altered angiogenesis as a common mechanism tenofovir exposure is not associated with fetal long bone growth.
underlying preterm birth, small for gestational age, and stillbirth Clin Infect Dis. 2016;62(12):1604-9.
in women living with HIV. Am J Obstet Gynecol. 2017;217(6): 37.e+ Salvadori N, Fan B, Teeyasoontranon W, Ngo-Giang-Huong N,
684 el—el7. Phanomcheong S, Luvira A, et al. Maternal and infant bone mineral

21.  Hernandez S, Catalan-Garcia M, Moren C, Garcia-Otero L, Lopez density 1 year after delivery in a randomized, controlled trial of
M, Guitart-Mampel M, et al. Placental mitochondrial toxicity, oxi- maternal tenofovir disoproxil fumarate to prevent mother-to-child
dative stress, apoptosis, and adverse perinatal outcomes in HIV transmission of hepatitis B virus. Clin Infect Dis. 2019;69(1):144—
pregnancies under antiretroviral treatment containing zidovudine. 146. In a randomized, double-blind, placebo-controlled trial of
J Acquir Immune Defic Syndr. 2017;75(4):e113—€9. TDF use from 28 weeks gestational age to 2 months postpartum

22.  Jumare J, Datong P, Osawe S, Okolo F, Mohammed S, Inyang B, to prevent mother to child transmission transmission of hepa-
et al. Compromised growth among HIV-exposed uninfected com- titis B virus, there was no significant effect of maternal TDF use
pared with unexposed children in ngerla Pediatr Infect Dis J. on maternal or infant bone mineral density 1 year after deliv-
2019;38(3):280-6. ery/birth.

23. Rosala-Hallas A, Bartlett JW, Filteau S. Growth of HIV-exposed 38. Kirmse B, Yao TJ, Hotherr S, Kacanek D, Williams PL, Hobbs CV,
uninfected, compared with HIV-unexposed, Zambian children: a et al. Acylcarnitine profiles in HIV-exposed, uninfected neonates in
longitudinal analysis from infancy to school age. BMC Pediatr. the United States. AIDS Res Hum Retrovir. 2016;32(4):339-48.
2017;17(1.):80' ) ) o 39. Jao J, Powis KM, Kirmse B, Yu C, Epie F, Nshom E, et al. Lower

24. Baroncelli S, Galluzzo CM, L1c.>tta.G, Andregtn M Mancmelh. S, mitochondrial DNA and altered mitochondrial fuel metabolism in
Mphwere R, et al. Immune activation and microbial translocation HIV-exposed uninfected infants in Cameroon. AIDS. 2017;31(18):
markers in HIV-exposed uninfected Malawian infants in the first 2475-81.
year of life. J Trop. Rediater. April 21, 2019. [Epub ahead of print]. 40. Jao J, Kirmse B, Yu C, Qiu Y, Powis K, Nshom E, et al. Lower

25. 8$01t11 Al?é NiOZIImCIIl{"ldEvanstl? Pren;erge:st AJt’ M(iult(én Iﬁll{ci preprandial insulin and altered fuel use in HIV/antiretroviral-

istian PS, et al. Child growth according to maternal and chi : : : :
HIV status in Zimbabwe. Pediatr Infect Dis J. 2017:36(9):869-76. %’f;slf)%(g;:fggg_;? Cameroon. I Clin Endocrinol Metab.

26. Msukwa MT, Estill J, Haas AD, van Oosterhout JJ, Tenthani L, . . .

Davies MA, et al. Weight gain of HIV-exposed, uninfected children 4l ?rzrtmaalr.l iT;nlz(t);?l;’elltli/?i’s Geéﬂeiiir;rgh?lll?:l:l[;s?ﬁ&?;?ty ;I}JIS;F\I/I'?
born before and after introduction of the ‘Option B+’ programme in ’ d uninfected compared with HIV-unexposed uninfected in-
Malawi. AIDS. 2018:32(15):2201-8. o du‘ﬁﬁ g AIDSP 01630(15)9351 go

27. Lane CE, Bobrow EA, Ndatimana D, Ndayisaba GF, Adair LS. 4 IEZITyaII\I/ISC ;Virrilrll'KE S'teenho’ff z('\P).Cunning};am CK. Arscott-
Determinants of growth in HIV-exposed and HIV-uninfected in- ’ . T ’ e ’ .
fants in the Kabeho Study. Matern Child Nutr. 2019;15(3):¢12776. Mills T, Boiditswe SC, et al. Treatment failures and excess mortality

28. le Roux SM, Abrams EJ, Donald KA, Brittain K, Phillips TK, among HIV-exposed, uninfected children with pneumonia. J
Nguyen KK, et al. Growth trajectories of breastfed HIV-exposed Pediatric Infect Dis Soc. 2015:4(4):e117-26. . .
uninfected and HIV-unexposed children under conditions of uni- 43. von Mollendorf C, von Gottberg A, .Templa S, Melrlqg S, de
versal maternal antiretroviral therapy: a prospective study. Lancet .Gouv.ela L, Quan V, et a.l. Incr;ased risk for and mor.tahty fr(?m
Child Adolesc Health. 2019:3(4):234-44. invasive pneumococ.cal disease in HIV-exposed but l}nlnfected in-

29, Sudfeld CR. Jacobson DL, Rueda NM. Neri D, Mendez AJ, Butler fants aged <1 year in South Africa, 2009-2013. Clin Infect Dis.
L, et al. Third trimester vitamin D status is associated with birth 2015;60(9):1346-56. . .
outcomes and linear growth of HIV-exposed uninfected infants in 44. Cohen C’_ Moyes J, Tempia S, Groome M_’ Walaza S, I?reton.us M’
the United States. J Acquir Immune Defic Syndr. 2019:81(3):336— et al. Epldemlology of acutg lower resplrgtorIy tract infection in
44, HIV-exposed uninfected infants. Pediatrics. 2016;137(4):

30. Blanche S, Tylleskar T, Peries M, Kankasa C, Engebretsen I, Meda €20153272.

N, et al. Growth in HIV-1-exposed but uninfected infants treated 45 Slogrove AL, Esser MM, Cotton MF, Speert DP, Kollmann TR,
with lopinavir-ritonavir versus lamivudine: a secondary analysis of .Smger‘ ). et al. A prospective cohort study of common childhood
the ANRS 12174 trial. Lancet HIV. 2019;6(5):e307—e14. infections in South Afrlcan HIV—c?xposed uninfected and HIV-

31. Mofenson LM, Baggaley RC, Mameletzis 1. Tenofovir disoproxil unexposed Infants. Pediatr Infect Dis J. 2017;36(2):e38-44.
fumarate safety for women and their infants during pregnancy and 46.  le Roux DM, Nicol MP, Myer L, Vanker A, Stadler JAM, von Delft
breastfeeding. AIDS. 2017;31(2):213-32. E, et al. Lower respiratory tract infections in children in a well-

32.  Nachega JB, Uthman OA, Mofenson LM, Anderson JR, Kanters S, vaccinated South African birth cohort: spectrum of disease and risk
Renaud F, et al. Safety of tenofovir disoproxil fumarate-based anti- factors. Clin Infect Dis. 2019;15;69(9):1588-1596.
retroviral therapy regimens in pregnancy for HIV-infected women 47.  Powis KM, Slogrove AL, Okorafor I, Millen L, Posada R, Childs J,
and their infants: a systematic review and meta-analysis. J Acquir et al. Maternal perinatal HIV infection is associated with increased
Immune Defic Syndr. 2017;76(1):1-12. infectious morbidity in HIV-exposed uninfected infants. Pediatr

33.  le Roux SM, Jao J, Brittain K, Phillips TK, Olatunbosun S, Ronan Infect Dis J. 2019:;38(5):500-2.

A, et al. Tenofovir exposure in utero and linear growth in HIV- 48. Taron-Brocard C, Le Chenadec J, Faye A, Dollfus C, Goetghebuer
exposed, uninfected infants. AIDS. 2017;31(1):97-104. T, Gajdos V, et al. Increased risk of serious bacterial infections due

34. Stellbrink HJ, Orkin C, Arribas JR, Compston J, Gerstoft J, Van to maternal immunosuppression in HIV-exposed uninfected infants
Wijngaerden E, et al. Comparison of changes in bone density and in a European country. Clin Infect Dis. 2014;59(9):1332-45.
turnover with abacavir-lamivudine versus tenofovir-emtricitabine 49. Zash R, Souda S, Leidner J, Ribaudo H, Binda K, Moyo S, et al.

in HIV-infected adults: 48-week results from the ASSERT study.
Clin Infect Dis. 2010;51(8):963-72.

@ Springer

HIV-exposed children account for more than half of 24-month mor-
tality in Botswana. BMC Pediatr. 2016;16:103.



Curr HIV/AIDS Rep (2019) 16:492-500

499

50.

S1.

52.

53.

54..

55.

56.

57.

58.

59.

60.

61.

62.

63.

Ajibola G, Leidner J, Mayondi GK, van Widenfelt E, Madidimalo
T, Petlo C, et al. HIV exposure and formula feeding predict under-2
mortality in HIV-uninfected children, Botswana. J Pediatr.
2018;203:68-75 e2.

Le Doare K, Taylor S, Allen L, Gorringe A, Heath PT, Kampmann
B, et al. Placental transfer of anti-group B Streptococcus immuno-
globulin G antibody subclasses from HIV-infected and uninfected
women to their uninfected infants. AIDS. 2016;30(3):471-5.
Adler C, Haelterman E, Barlow P, Marchant A, Levy J,
Goetghebuer T. Severe infections in HIV-exposed uninfected in-
fants born in a European country. PLoS One. 2015;10(8):
e0135375.

Yeganeh N, Watts DH, Xu J, Kerin T, Joao EC, Pilotto JH, et al.
Infectious morbidity, mortality and nutrition in HIV-exposed, unin-
fected, formula-fed infants: results from the HPTN 040/PACTG
1043 Trial. Pediatr Infect Dis J. 2018;37(12):1271-8.
Goetghebuer T, Smolen KK, Adler C, Das J, McBride T, Smits G,
et al. Initiation of anti-retroviral therapy before pregnancy reduces
the risk of infection-related hospitalization in HIV-exposed unin-
fected infants born in a high-income country. Clin Infect Dis.
2019;68(7):1193—-1203. This study shows that initiation of
ART pre-conception reduces the risk of infectious morbidity
in HEU infants.

Coovadia HM, Rollins NC, Bland RM, Little K, Coutsoudis A,
Bennish ML, et al. Mother-to-child transmission of HIV-1 infection
during exclusive breastfeeding in the first 6 months of life: an in-
tervention cohort study. Lancet. 2007;369(9567):1107-16.
Tchakoute CT, Sainani KL, Osawe S, Datong P, Kiravu A,
Rosenthal KL, et al. Breastfeeding mitigates the effects of maternal
HIV on infant infectious morbidity in the Option B+ era. AIDS.
2018;32(16):2383-91. This work demonstrates that exclusive
breastfeeding for only 4 months had protective effects on mor-
bidity up to 1 year.

Flynn PM, Taha TE, Cababasay M, Fowler MG, Mofenson LM,
Owor M, et al. Prevention of HIV-1 transmission through
breastfeeding: efficacy and safety of maternal antiretroviral therapy
versus infant nevirapine prophylaxis for duration of breastfeeding
in HIV-1-infected women with high CD4 cell count IMPAACT
PROMISE): a randomized, open-label, clinical trial. J Acquir
Immune Defic Syndr. 2018;77(4):383-92.

Abu-Raya B, Kollmann TR, Marchant A, MacGillivray DM. The
immune system of HIV-exposed uninfected infants. Front
Immunol. 2016;7:383.

Ruck C, Reikie BA, Marchant A, Kollmann TR, Kakkar F. Linking
susceptibility to infectious diseases to immune system abnormali-
ties among HIV-exposed uninfected infants. Front Immunol.
2016;7:310.

Jalbert E, Williamson KM, Kroehl ME, Johnson MJ, Cutland C,
Madhi SA, et al. HIV-exposed uninfected infants have increased
regulatory T cells that correlate with decreased T cell function.
Front Immunol. 2019;10:595.

Yeo KT, Embury P, Anderson T, Mungai P, Malhotra I, King C,
et al. HIV, cytomegalovirus, and malaria infections during pregnan-
cy lead to inflammation and shifts in memory B cell subsets in
Kenyan neonates. J Immunol. 2019;202(5):1465-78.
Dirajlal-Fargo S, Mussi-Pinhata MM, Weinberg A, Yu Q, Cohen R,
Harris DR, et al. HIV-exposed-uninfected infants have increased
inflammation and monocyte activation. AIDS. 2019;33(5):845—
53. This study showed that inflammatory markers and immune
activation in HEU infants are not correlated with maternal
levels, suggesting that their immune system abnormalities are
not merely due to a pro-inflammatory in utero environment.
Prendergast AJ, Chasekwa B, Rukobo S, Govha M, Mutasa K,
Ntozini R, et al. Intestinal damage and inflammatory biomarkers
in human immunodeficiency virus (HIV)-exposed and HIV-
infected Zimbabwean infants. J Infect Dis. 2017;216(6):651-61.

64.

65,00

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.e0

McComsey GA, Kitch D, Sax PE, Tierney C, Jahed NC,
Melbourne K, et al. Associations of inflammatory markers with
AIDS and non-AIDS clinical events after initiation of antiretroviral
therapy: AIDS clinical trials group A5224s, a substudy of ACTG
AS5202. J Acquir Immune Defic Syndr. 2014;65(2):167-74.
Schoeman JC, Moutloatse GP, Harms AC, Vreeken RJ, Scherpbier
HIJ, Van Leeuwen L, et al. Fetal metabolic stress disrupts immune
homeostasis and induces proinflammatory responses in human im-
munodeficiency virus type 1- and combination antiretroviral
therapy-exposed infants. J Infect Dis. 2017;216(4):436-46. This
work demonstrates that neonatal metabolic stress induces
mitochondral dysfuction and a pro-inflammatory response in
HEU infants.

Williams PL, Crain MJ, Yildirim C, Hazra R, Van Dyke RB, Rich
K, et al. Congenital anomalies and in utero antiretroviral exposure
in human immunodeficiency virus-exposed uninfected infants.
JAMA Pediatr. 2015;169(1):48-55.

Uthman OA, Nachega JB, Anderson J, Kanters S, Mills EJ, Renaud
F, et al. Timing of initiation of antiretroviral therapy and adverse
pregnancy outcomes: a systematic review and meta-analysis.
Lancet HIV. 2017;4(1):e21-30.

Nguyen B, Foisy MM, Hughes CA. Pharmacokinetics and safety of
the integrase inhibitors elvitegravir and dolutegravir in pregnant
women with HIV. Ann Pharmacother. 2019;53(8):833-844.
Rough K, Sun JW, Seage GR 3rd, Williams PL, Huybrechts KF,
Bateman BT, et al. Zidovudine use in pregnancy and congenital
malformations. AIDS. 2017;31(12):1733-43.

Veroniki AA, Antony J, Straus SE, Ashoor HM, Finkelstein Y,
Khan PA, et al. Comparative safety and effectiveness of perinatal
antiretroviral therapies for HIV-infected women and their children:
systematic review and network meta-analysis including different
study designs. PLoS One. 2018;13(6):0198447.

Rasi V, Cortina-Borja M, Peters H, Sconza R, Thorne C. Brief
report: surveillance of congenital anomalies after exposure to
raltegravir or elvitegravir during pregnancy in the United
Kingdom and Ireland, 2008-2018. J Acquir Immune Defic Syndr.
2019;80(3):264-8.

Sibiude J, Le Chenadec J, Bonnet D, Tubiana R, Faye A, Dollfus C,
et al. In utero exposure to zidovudine and heart anomalies in the
ANRS French perinatal cohort and the nested PRIMEVA random-
ized trial. Clin Infect Dis. 2015;61(2):270-80.

Vannappagari V, Albano JD, Koram N, Tilson H, Scheuerle AE,
Napier MD. Prenatal exposure to zidovudine and risk for ventricu-
lar septal defects and congenital heart defects: data from the
Antiretroviral Pregnancy Registry. Eur J Obstet Gynecol Reprod
Biol. 2016;197:6-10.

Lipshultz SE, Williams PL, Zeldow B, Wilkinson JD, Rich KC, van
Dyke RB, et al. Cardiac effects of in-utero exposure to antiretroviral
therapy in HIV-uninfected children born to HIV-infected mothers.
AIDS. 2015;29(1):91-100.

Berard A, Sheehy O, Zhao JP, Abrahamowicz M, Loutfy M,
Boucoiran [, et al. Antiretroviral combination use during pregnancy
and the risk of major congenital malformations. AIDS.
2017;31(16):2267-77.

Zash R, Jacobson DL, Diseko M, Mayondi G, Mmalane M, Essex
M, et al. Comparative safety of dolutegravir-based or efavirenz-
based antiretroviral treatment started during pregnancy in
Botswana: an observational study. Lancet Glob Health. 2018;6(7):
e804—¢10.

Bornhede R, Soeria-Atmadja S, Westling K, Pettersson K, Naver L.
Dolutegravir in pregnancy-effects on HIV-positive women and their
infants. Eur J Clin Microbiol Infect Dis. 2018;37(3):495-500.
Zash R, Makhema J, Shapiro RL. Neural-tube defects with
dolutegravir treatment from the time of conception. N Engl J
Med. 2018;379(10):979-81. This study reports a potential

@ Springer



500

Curr HIV/AIDS Rep (2019) 16:492-500

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

increase risk of NTD in HEU infants with the use of maternal
DTG.

Zash R, Holmes L, Makhema J, Diseko M, Jacobson D, Mayondi
G, et al. Surveillance for neural tube defects following antiretroviral
exposure from conception. Abstract. In: 22nd International AIDS
Conference. Amsterdam, Netherlands. 2018.

Zamek-Gliszczynski MJ, Zhang X, Mudunuru J, Du Y, Chen JL,
Taskar KS, et al. Clinical extrapolation of the effects of dolutegravir
and other HIV integrase inhibitors on folate transport pathways.
Drug Metab Dispos. 2019;47(8):890-898.

Ngoma MS, Hunter JA, Harper JA, Church PT, Mumba S,
Chandwe M, et al. Cognitive and language outcomes in HIV-
uninfected infants exposed to combined antiretroviral therapy in
utero and through extended breast-feeding. AIDS. 2014;28(Suppl
3):8323-30.

Springer PE, Slogrove AL, Laughton B, Bettinger JA, Saunders
HH, Molteno CD, et al. Neurodevelopmental outcome of HIV-
exposed but uninfected infants in the Mother and Infants Health
Study, Cape Town, South Africa. Trop Med Int Health.
2018;23(1):69-78.

Chaudhury S, Williams PL, Mayondi GK, Leidner J, Holding P,
Tepper V, et al. Neurodevelopment of HIV-exposed and HIV-
unexposed uninfected children at 24 months. Pediatrics.
2017;140(4).

Boivin MJ, Maliwichi-Senganimalunje L, Ogwang LW,
Kawalazira R, Sikorskii A, Familiar-Lopez I, et al.
Neurodevelopmental effects of ante-partum and post-partum anti-
retroviral exposure in HIV-exposed and uninfected children versus
HIV-unexposed and uninfected children in Uganda and Malawi: a
prospective cohort study. Lancet HIV. 2019;6(8):e518—530.
Debeaudrap P, Bodeau-Livinec F, Pasquier E, Germanaud D,
Ndiang ST, Nlend AN, et al. Neurodevelopmental outcomes in
HIV-infected and uninfected African children. AIDS.
2018;32(18):2749-57.

Jantarabenjakul W, Chonchaiya W, Puthanakit T, Theerawit T,
Payapanon J, Sophonphan J, et al. Low risk of neurodevelopmental
impairment among perinatally acquired HIV-infected preschool
children who received early antiretroviral treatment in Thailand. J
Int AIDS Soc. 2019;22(4):e25278.

Wu J, Li J, Li Y, Loo KK, Yang H, Wang Q, et al.
Neurodevelopmental outcomes in young children born to HIV-
positive mothers in rural Yunnan, China. Pediatr Int. 2018;60(7):
618-25.

Fasunla AJ, Ogunbosi BO, Odaibo GN, Nwaorgu OG, Taiwo B,
Olaleye DO, et al. Comparison of auditory brainstem response in
HIV-1 exposed and unexposed newborns and correlation with the

@ Springer

89.

90.

91

92..

93.

94.

95.

96.

97.

08 e

maternal viral load and CD4+ cell counts. AIDS. 2014;28(15):
2223-30.

le Roux SM, Donald KA, Kroon M, Phillips TK, Lesosky M,
Esterhuyse L, et al. HIV viremia during pregnancy and
neurodevelopment of HIV-exposed uninfected children in the con-
text of universal antiretroviral therapy and breastfeeding: a prospec-
tive study. Pediatr Infect Dis J. 2019;38(1):70-5.

Cassidy AR, Williams PL, Leidner J, Mayondi G, Ajibola G,
Makhema J, et al. In utero efavirenz exposure and
neurodevelopmental outcomes in HIV-exposed uninfected children
in Botswana. Pediatr Infect Dis J. 2019;38(8):828-834.

le Roux SM, Donald KA, Brittain K, Phillips TK, Zerbe A, Nguyen
KK, et al. Neurodevelopment of breastfed HIV-exposed uninfected
and HIV-unexposed children in South Africa. AIDS. 2018;32(13):
1781-91.

McHenry MS, McAteer CI, Oyungu E, McDonald BC, Bosma CB,
Mpofu PB, et al. Neurodevelopment in young children born to
HIV-infected mothers: a meta-analysis. Pediatrics. 2018;141(2):
2017-888. This meta-analysis shows that HEU infants are at
an increased risk of neurodevelopmental impairment.

Caniglia EC, Patel K, Huo Y, Williams PL, Kapetanovic S, Rich
KC, et al. Atazanavir exposure in utero and neurodevelopment in
infants: a comparative safety study. AIDS. 2016;30(8):1267-78.
Kacanek D, Williams PL, Mayondi G, Holding P, Leidner J, Moabi
K, et al. Pediatric neurodevelopmental functioning after in utero
exposure to triple-NRTI vs. dual-NRTI + PI ART in a randomized
trial, Botswana. J Acquir Immune Defic Syndr. 2018;79(3):e93—
¢100.

Budd MA, Calli K, Samson L, Bowes J, Hsieh AYY, Forbes JC,
et al. Blood mitochondrial DNA content in HIV-exposed uninfected
children with autism spectrum disorder. Viruses. 2018;10(2):E77.
Ivy W 3rd, Nesheim SR, Paul SM, Ibrahim AR, Chan M, Niu X,
et al. Cancer among children with perinatal exposure to HIV and
antiretroviral medications—New Jersey, 1995-2010. J Acquir
Immune Defic Syndr. 2015;70(1):62—6.

Hleyhel M, Goujon S, Delteil C, Vasiljevic A, Luzi S, Stephan JL,
et al. Risk of cancer in children exposed to didanosine in utero.
AIDS. 2016;30(8):1245-56.

Hleyhel M, Goujon S, Sibiude J, Tubiana R, Dollfus C, Faye A,
et al. Risk of cancer in children exposed to antiretroviral nucleoside
analogues in utero: the French experience. Environ Mol Mutagen.
2019;60(5):404-9. This study demonstrated an increased risk of
cancer in HEU who were exposed to didanosine.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.



	Contemporary Issues in Pregnancy (and Offspring) in the Current HIV Era
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Mitochondrial Dysfunction
	Adverse Birth Outcomes
	Infant Growth
	Metabolic Complications
	Infectious Morbidity and Mortality
	Immune Dysfunction, Immune Activation, and Inflammation
	Congenital Abnormalities and Cardiac Dysfunction
	Neuropsychological Development
	Cancer Risk
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance





