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Abstract
Purpose of Review  The goal of this review is to highlight and interpret recent trends and developments in the diagnosis, 
treatment, and prevention of HIV vertical transmission from a clinical perspective.
Recent Findings  Universal third-trimester retesting and partner testing may better identify incident HIV among pregnant 
patients and result in early initiation of antiretroviral therapy to prevent vertical transmission. The proven safety and efficacy 
of integrase inhibitors such as dolutegravir may be particularly useful in suppressing viremia in pregnant persons who present 
late for ART treatment. Pre-exposure prophylaxis (PrEP) during pregnancy may play a role in preventing HIV acquisition; 
however, its role in preventing vertical transmission is difficult to elucidate.
Summary  Substantial progress has been made in recent years to eliminate HIV perinatal transmission. Future research hinges 
upon a multipronged approach to improving HIV detection, risk-stratified treatment strategies, and prevention of primary 
HIV infection among pregnant persons.

Keywords  Sexually transmitted infections · Human immunodeficiency virus · Mother-to-child transmission · Vertical 
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Introduction

Despite advances in HIV care, pregnant people worldwide 
remain vulnerable to HIV acquisition. Elimination of ver-
tical transmission, defined as < 1 per 100,000 live births, 
remains elusive and a pressing global health priority. In 
the era of combination antiretroviral therapy (ART), HIV 
transmission rates of less than 1% are achievable. Globally, 
around 85% of pregnant people living with HIV receive ART 
to prevent mother-to-child transmission (MTCT), which 
remains the leading cause of pediatric HIV worldwide [1]. 
However, an estimated 1.3 million pregnant people living 

with HIV per year still do not have access to ART. Less than 
a third of pregnant people living with HIV have been treated 
in countries such as Indonesia, the Democratic Republic of 
Congo, and Mali, leaving tens of thousands of infants at risk 
of perinatal HIV infection [2]. Conversely, Cuba, Thailand, 
and Malaysia have reported complete eradication of HIV 
vertical transmission countrywide [3]. Global elimination 
of HIV vertical transmission is attainable in the imminent 
future and has been prioritized as a goal for the twenty-first 
century [4, 5].

Effective elimination of HIV vertical transmission entails 
a multipronged approach. The first strategy is to stop peo-
ple of childbearing potential from acquiring HIV in the first 
place. This is done through voluntary counseling and testing 
[6], prevention strategies such as pre-exposure antiretroviral 
prophylaxis (PrEP) [3], and testing of partners with prompt 
initiation of treatment [7]. Increased access to contracep-
tives, particularly in areas of the world where they are not 
readily available, can also lead to fewer vertical transmission 
events through the prevention of unintended pregnancies in 
people living with HIV [8]. Another strategy, since vertical 
HIV transmission is generally virus load dependent, entails 
the reduction of virus load through the implementation of 
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maternal ART throughout pregnancy, labor, and delivery 
and throughout the course of breastfeeding, as recommended 
by guidelines and the WHO’s B + approach [6]. Topi-
cal microbicides during labor have also been investigated 
as a potential approach in the reduction of viruses in the 
genital tract. Another strategy is to reduce infant exposure 
to the virus. This is also achieved through maternal treat-
ment with antiretrovirals, which enables infant pre-expo-
sure prophylaxis through the placental transfer of ART, 
peri-exposure prophylaxis during labor through continued 
maternal ART use, and neonatal post-exposure prophylaxis. 
Elective C-section also prevents ascending HIV infection 
from the maternal genital tract, thus reducing neonatal viral 
exposure. Finally, establishment of HIV infection can also 
be prevented through infant post-exposure prophylaxis or 
early preemptive neonatal antiretroviral treatment with three 
antiretrovirals in the case of high-risk infants (i.e., born to 
mothers with detectable viremia) [9, 10]. If infants are not 
found to be HIV infected, preemptive treatment may be dis-
continued. This review discusses recent developments within 
this multifactorial framework to achieving global elimina-
tion of HIV vertical transmission in this century: improved 
detection of incident HIV infection in pregnancy, optimiza-
tion of ART regimen to reduce viral load prior to delivery, 
and the possible role of pre-exposure prophylaxis (PrEP) in 
pregnancy.

HIV Vertical Transmission

Perinatal HIV transmission is a complex process and 
can occur at several time points: in utero, intrapartum, or 
postpartum via breastfeeding. In utero HIV transmission 
accounts for 5 to 10% of perinatal HIV infections; intra-
partum transmission accounts for 10 to 15% and postpar-
tum transmission via breastfeeding for approximately 15% 
[11–13]. Therefore, the cumulative risk of HIV vertical 
transmission up to 12 months of age in an HIV-exposed 
child born to and breastfed by an untreated person living 
with HIV approaches 40%. For the determination of an HIV 
diagnosis, infants exposed to maternal HIV should be tested 
by molecular tests until 3 to 4 months of age [10]. The tim-
ing of HIV transmission is determined based on whether 
HIV is identified in infant blood by a molecular test in the 
first 48 h of life; in the case of a positive PCR result at birth, 
transmission is assumed to have occurred prior to delivery 
(in utero transmission) [14]. If an infant perinatally exposed 
to HIV has a negative PCR result for HIV in the first 48 h 
of life and a positive result is identified 7 days to 3 months 
later, in the absence of breastfeeding, this infant is assumed 
to have acquired HIV during labor and delivery (intrapartum 
transmission).

There are multiple risk factors for HIV perinatal transmis-
sion, but maternal virus load is recognized as a critical risk 

factor in transmission [15•, 16]. In utero HIV transmission 
is more likely with a high maternal virus load, chorioamnio-
nitis, and co-infections that increase the expression of CCR5 
receptors in the placenta [17–19]. Most in utero transmis-
sions tend to occur after 20 weeks of gestation and increase 
further as pregnancy progresses; the length of ART use in 
pregnancy is associated with favorable pregnancy/infant 
outcomes and less vertical transmission events in women 
with a longer duration of ART throughout pregnancy [20]. 
Studies suggest that HIV transmission to the fetus in the first 
trimester tends to result in miscarriage and that this miscar-
riage risk may also extend to the second trimester [21–23•]. 
Antiretrovirals during pregnancy successfully reduced HIV 
in utero and intrapartum transmission from 25 to 8% in the 
landmark Pediatric AIDS Clinical Trials Group (PACTG) 
076 study which only used zidovudine [24], and later in 
PACTG 316 which used cART and demonstrated MTCT 
rates lower than 2% [25]. Subsequent studies demonstrated 
progressively lower HIV transmission rates up to less than 
1% when cART was used throughout pregnancy and even 
throughout the postpartum period by breastfeeding mothers 
[20, 26]. Although interventions solely focused on reducing 
intrapartum transmission had some historical success [27], 
they ultimately failed at eliminating HIV vertical transmis-
sion because they did not encompass all time points where 
transmission may occur (in utero and postpartum), nor effec-
tively treated pregnant people living with HIV. Antenatal 
ART, ART during delivery, and ART to the infant for the 
first 4 weeks of life as peri-exposure prophylaxis are critical 
elements for complete elimination of HIV vertical transmis-
sion [28, 29].

For pregnant people who present to medical care very 
late in pregnancy where prevention of in utero HIV trans-
mission can no longer be achieved, strategies for preven-
tion of intrapartum transmission include the performance of 
elective cesarean section, which have been shown to reduce 
transmission rates to 10% in pregnant people not on therapy, 
and less than 2% in pregnant persons on zidovudine mono-
therapy throughout pregnancy [30–32]. Double or triple 
ART prophylaxis to the infant when the mother received no 
ART prior to delivery has been shown to effectively reduce 
intrapartum HIV transmission to 2.2 and 2.4% respectively, 
versus 4.8% among infants receiving only zidovudine (ZDV) 
as neonatal prophylaxis [9]. However, this transmission rate 
only considers intrapartum transmission, if the in utero time 
point is included, the overall transmission rate in the study 
was 11% in the infant ZDV arm, 7.1% in the double infant 
ART arm, and 7.4% in the triple ART infant arm [9]. The 
results of these studies inform today’s HIV prenatal man-
agement guidelines, which recommend elective C-sections 
for women with a viral load higher than 1000 copies/mL 
close to delivery, and presumptive HIV therapy for infants 
at higher risk of HIV acquisition [10].
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In the USA, breastfeeding guidelines for people living 
with HIV have recently changed [33]. Although breastfeed-
ing was previously contraindicated, the current recommen-
dation is for people with HIV to receive evidence-based, 
patient-centered counseling, and engage in shared decision-
making with providers about infant feeding. This counseling 
would ideally begin prior to conception or as early as pos-
sible in pregnancy; information about and plans for infant 
feeding should be continuously reviewed later in pregnancy 
and after delivery. During counseling, information should 
be provided that replacement feeding with properly prepared 
formula or pasteurized donor human milk from a milk bank 
entirely eliminates the risk of postnatal HIV transmission to 
the infant and that achieving and maintaining viral suppres-
sion through antiretroviral (ARV) therapy during pregnancy 
and postpartum does decrease breastfeeding transmission 
risk to less than 1%, but not to zero. In people with HIV 
who are not treated and/or do not have a suppressed viral 
load during pregnancy (at a minimum throughout the third 
trimester) and at delivery, the use of replacement feeding 
with formula or banked pasteurized donor milk is recom-
mended. Both individuals with HIV who are on ART and 
have an undetectable viral load who choose to breastfeed and 
people with HIV who choose to formula feed should both be 
supported in their decisions. The guidelines do not provide 
details regarding post-exposure prophylaxis for infants, the 
frequency of maternal viral load monitoring, and the role 
of local infection (e.g., mastitis) during breastfeeding, with 
management decisions being up to the discretion of indi-
vidual HIV providers. These remain unanswered questions 
and should be further studied in order to ensure the safety 
and efficacy of preventing postnatal HIV transmission.

Diagnosis and Testing Strategies in Pregnancy

Pregnancy is a time period of increased risk for HIV acqui-
sition [34]. HIV testing at the first or earliest prenatal visit 
is universally recommended. In addition, the WHO recom-
mends retesting in the third trimester, postpartum, and/or 
during labor in high prevalence settings [35]. Previous stud-
ies have demonstrated that the HIV test positivity rate is 
higher late in pregnancy as compared to early pregnancy 
and the risk of vertical transmission is thus higher in patients 
who seroconvert after their first prenatal visit and are una-
ware of incident HIV infection with likely unsuppressed 
viremia [36, 37]. While the importance of universal retesting 
in high-prevalence settings has been established, the utility 
of universal retesting in settings of low HIV prevalence is 
currently being explored. Previous research has also shown 
that universal HIV testing is also cost-effective, even in low 
prevalence settings [38]. A recent cost-effective analysis of 
dual HIV and syphilis retesting late in pregnancy in both 
countries with high or low HIV burden was shown to be 

cost-effective even in countries with low HIV prevalence 
such as Colombia [39].

Another strategy to better identify HIV infection in 
pregnancy is to test the partner, although the utility of 
this approach as a strategy to curb vertical transmission 
is unclear. Uptake of partner HIV testing is generally low 
[40–43]; qualitative studies have reported barriers includ-
ing poor communication, gendered perceptions, fear of 
intimate partner violence, and social stigma [44–46]. In 
southern Brazil, at the epicenter of a regional maternal 
HIV epidemic in the country, two large prospective cohort 
studies totaling more than 1000 cisgender and transgender 
male partners showed that encouragement and invitation by 
pregnant women to attend prenatal care and receive testing 
was successful in recruiting male partners for testing [47, 
48]. Implementation of partner testing in southern Brazil 
proved to be such a promising intervention that the model 
was incorporated into the Brazilian standard of care. Some 
studies have suggested HIV self-testing (HIVST) kits as a 
promising strategy because it is preferred by partners; how-
ever, linkage to care after a positive result remains an obsta-
cle [49–54]. The addition of HIVST to partner notification 
services in current HIV prevention programs could be con-
sidered, as this dual approach greatly improved HIV testing 
in Zambia [55]. Affordable and fixed financial incentives, 
in conjunction with HIVST kits, may also bolster linkage 
to care [56]. A recent randomized controlled trial demon-
strated that the integration of HIVST kit distribution into 
routine antenatal care increased HIV testing among partners 
[57]. Another approach would be for both partners to receive 
HIV results together which entails a “couples sexual agree-
ment,” (mutual agreement about sexual behaviors within 
and outside of the relationship) and has only been studied 
in the USA [58]. To scale up partner testing, a holistic and 
gender-transformative approach may be crucial to address 
power differentials, impart novel communication strategies, 
and adapt to cultural attitudes and contexts to assuage fears 
of social stigmatization and isolation [59].

Recent Developments in ART in Pregnancy

For many years, recommendations for cART initiation 
for pregnant persons living with HIV lagged behind 
treatment guidelines developed for non-pregnant adults. 
Even though the use of antiretroviral monotherapy had 
been long abandoned for the treatment of non-pregnant 
adults, the use of zidovudine monotherapy in pregnancy, 
as well as short course delivery of other ARTs alone or in 
combination, continued to be used for the prevention of 
HIV vertical transmission in women who per treatment 
guidelines of those times, did not yet qualify for treatment 
of their own illness. Even when cART became the stand-
ard of care for pregnant women, depending on their CD4 
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cell count numbers, treatment would be interrupted in the 
postpartum period, only to restart again during the next 
pregnancy. Many of these strategies were later considered 
suboptimal, fostering the development of viral resistance. 
A major change occurred when WHO guidelines recom-
mended widespread implementation of test and treat strat-
egies, with treatment for life of all individuals identified 
with HIV, regardless of CD4 cell count values, i.e., the 
B + approach [6]. These guidelines have remained the 
standard of care today where high rates of viral suppres-
sion have been achieved to circumvent vertical transmis-
sion, which is generally less than 2% when there is access 
to cART, even in areas of high prevalence [60, 61].

In recent years, potent integrase strand inhibitors joined 
the HIV therapeutic arsenal. In 2021, the results of the 
IMPAACT 2010/VESTED trial demonstrated that dolutegra-
vir-containing cART regimens were superior to efavirenz-
containing regimens in achieving virologic suppression at 
delivery [62••]. The IMPAACT 2010/VESTED trial was 
a randomized controlled trial conducted in nine countries 
across North and South America, Asia, and Africa designed 
to compare the perinatal safety and virologic efficacy of 
three ART regimens in pregnancy: dolutegravir, emtricit-
abine, tenofovir alafenamide fumarate (DTG/FTC/TAF); 
dolutegravir, emtricitabine, tenofovir disoproxil fumarate 
(DTG/FTC/TDF); or efavirenz, emtricitabine, tenofovir 
disoproxil fumarate (EFV/FTC/TDF). The dosing regimen 
was as follows: DTG 50 mg once daily with either once daily 
FTC 200 mg/TAF 25 mg or FTC 200 mg/TFD 300 mg; and 
efavirenz 600 mg once daily. Pregnant women living with 
HIV were recruited between 14 and 28 weeks of gestation 
with the primary outcome as virologic suppression at deliv-
ery defined as < 200 copies/mL and a composite adverse 
pregnancy outcome defined as any pregnancy resulting 
in preterm birth, an infant small for gestational age, still-
birth, or spontaneous abortion. Among 605 women in the 
intention-to-treat analysis, the rate of viral suppression was 
98% in the combined DTG-containing groups (DTG/FTC/
TAF or DTG/FTC/TDF) compared to 91% in the EFV/FTC/
TDF group (p = 0.0052). This difference in virologic efficacy 
remained significant even if viral suppression at delivery was 
defined as < 50 copies/mL with 95% in the DTG-containing 
groups virally undetectable at delivery compared to 90% 
in the EFV/FTC/TDF group (p < 0.0001). Both DTG/FTC/
TAF and DTG/FTC/TDF have similar virologic efficacy. In 
terms of safety, the DTG/FTC/TAF had significantly fewer 
composite adverse pregnancy outcomes (24%) than the 
DTG/FTC/TDF (33%) and EFV/FTC/TDF (33%) groups 
(p = 0.043). Although a higher rate of stillbirth was observed 
in the combined DTG-containing groups (4% in DTG/FTC/
TAF group and 5% in DTG/FTC/TDF group) than the EFV/
FTC/TDF group (2%), this difference was not statistically 
significant (p = 0.064).

Concurrently, the IMPAACT P1081 trial demonstrated 
that raltegravir could be used as an alternative to dolutegra-
vir and was more effective than efavirenz in ensuring viral 
suppression at or near delivery [63•]. The IMPAACT P1081 
trial, conducted in five countries, was designed to compare 
the safety and efficacy of two triple backbone regimens, one 
with raltegravir and the other with efavirenz, and enrolled 
pregnant women living with HIV at 20 to 37 weeks of gesta-
tion. The dosing regimen was as follows: raltegravir 400 mg 
twice a day, efavirenz 600 mg once at night in addition to 
lamivudine 150 mg, and zidovudine 300 mg twice daily. 
The main outcome, viral suppression at/or near delivery 
(within 21 days before), was defined as < 200 copies/mL. 
Among 408 women, the proportion of women with sup-
pressed viremia at delivery in the raltegravir group was 94% 
compared to 84% in the efavirenz group (p = 0.0015). This 
treatment effect was especially prominent among women 
who presented late to HIV care and were enrolled at 28 to 
37 weeks of gestation, where 93% achieved virologic sup-
pression by delivery in the raltegravir group compared to 
71% in the efavirenz group. When the outcome measure was 
defined as < 50 copies/mL, raltegravir remained superior in 
virologic efficacy with 86% virally undetectable at or near 
delivery in the raltegravir group compared to 58% in the 
efavirenz group (p =  < 0.0001). There were no significant 
differences in stillbirth and adverse infant outcomes. All 
vertical transmission events occurred among women who 
presented late for HIV care (enrolled 28–37 weeks or gesta-
tion) and differed significantly between the raltegravir group 
(0.5%) and the efavirenz group (3.3%, p = 0.064), highlight-
ing the urgency for rapid initiation and effective treatment in 
this high-risk subpopulation of pregnant persons living with 
HIV. A longitudinal study conducted simultaneously in Bra-
zil where 390 women living with HIV received either pro-
tease inhibitor-based regimens, efavirenz-based regimens, 
or raltegravir-based regimens demonstrated that among 
women receiving cART for 2 to 7 weeks during pregnancy, 
the virus load decline was significantly greater for raltegravir 
than for efavirenz or protease inhibitors [64•]. At the time 
of delivery, viral load suppression was achieved among 87% 
of women on raltegravir versus 73% on efavirenz and 70% 
on protease inhibitors (p = 0.01) [64•]. Clinically, the use of 
integrase strand inhibitors, given their potency, is particu-
larly useful among patients who face social and structural 
barriers to accessing HIV care and initiate cART late in 
pregnancy (after 28 weeks of gestation).

Late presenting women generally have high viremia and 
increased risk of vertical transmission and benefit from 
more rapid virologic suppression strategies before delivery. 
Given that dolutegravir was found to reduce viral load to less 
than 50 copies/mL after a median day of 28 days compared 
to 84 days with efavirenz in non-pregnant people living 
with HIV [65], the DolPHIN-2 trial, which was conducted 
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in South Africa and Uganda, was designed to evaluate if 
dolutegravir led to faster virologic decline than efavirenz 
and improved virologic suppression, defined as < 50 copies/
mL, prior to delivery in pregnant women who presented late 
for HIV care [66•]. Participants were enrolled after present-
ing for obstetric and HIV care after at least 28 weeks of 
gestational age with confirmed but untreated HIV infection. 
The dosing regimen was dolutegravir 50 mg or efavirenz 
600 mg once daily co-formulated with either FTC 200 mg/
TDF 300 mg (South Africa) or lamivudine 300 mg/TDF 
300 mg (Uganda). In the intention-to-treat analysis of 268 
women, 74% of participants in the dolutegravir group were 
virally undetectable prior to delivery compared to 43% in 
the efavirenz group with an estimated relative risk viral 
suppression with dolutegravir of 1.64 (95%CI: 1.31–2.06, 
p < 0.0001). Dolutegravir also led to more rapid viral decline 
and replicated results previously reported in non-pregnant 
adults: the median time to achieve viral copies < 50 copies/
mL was 28 days for dolutegravir and 82 days for efavirenz. 
In the dolutegravir group, the median time to achieve a viral 
load of < 1000 copies/mL was 7 days compared to 23 days 
for efavirenz. Since late initiation of cART in pregnancy 
is associated with increased infant mortality, this trial also 
explored postpartum and long-term infant outcomes between 
the late use of dolutegravir and efavirenz and demonstrated 
that dolutegravir was beneficial in this setting [67].

Research in this area is ongoing with a focus on maternal 
side effects and long-term infant sequelae of DTG-based 
regimens. In the randomized clinical trials in non-pregnant 
adults which demonstrated that DTG with either TAF or 
TDF displayed non-inferior efficacy to EFV-based regi-
mens, significant differences in weight gain were observed 
in cisgender women after 96 weeks of treatment initiation 
[68, 69]. These women gained an average of 8.1 kg in the 
DTF/FTC/TAF group, 4.8 kg in the DTF/FTC/TDF group, 
and 3.2 kg in the EFV/FTC/TDF group. The long-term 
metabolic postpartum changes and effects on weight gain 
of dolutegravir-containing regimens remain to be explored. 
Although there was concern that dolutegravir was associated 
with adverse maternal outcomes such as stillbirth, preterm 
birth, or small for gestational age (SGA) as well as congeni-
tal anomalies, these concerns were dispelled by subsequent 
studies [70, 71]. Early population-based studies suggested 
a potential association between neutral tube defects and 
dolutegravir use at or early in pregnancy [71–73]. In the 
large Tsepampo birth-surveillance study, dolutegravir was 
initiated at conception. Subsequent studies did not confirm 
an association [55–57]; a subsequent analysis of the data 
from the Tsepampo birth-surveillance study suggested that, 
given the rare occurrence of neural tube defects in the gen-
eral population and the small number of cases identified, 
the magnitude of the risk of dolutegravir-associated neural 
tube defects remains less than 1%. Other studies include 

reports from Botswana with one case of neural tube defect 
in 152 pregnancies where dolutegravir was taken since con-
ception and 2 cases in 2328 HIV-negative women [55]. In 
2019, the WHO recommended dolutegravir as the preferred 
HIV treatment option for all populations including pregnant 
women [74]. The US perinatal HIV guidelines recommend 
dolutegravir + TAF/XTC as the preferred ART of choice 
for pregnant people who are drug naïve, for people on a 
continuing regimen who become pregnant, for people who 
are not drug naïve and are restarting ART in pregnancy, for 
people who are not suppressed on the current ART regimen, 
and for non-pregnant people who are trying to conceive. A 
raltegravir-based regimen is an acceptable alternative when 
dolutegravir is not available [10].

Prevention of Primary HIV Infection 
among Pregnant Persons

The feasibility and safety of pre-exposure prophylaxis 
(PrEP) in reproductive-age and pregnant people have yet to 
be elucidated and its role in eliminating vertical transmission 
is unclear. As one of the few HIV prevention methods which 
do not depend on the partner, PrEP may be an underutilized 
tool in eliminating primary maternal infection and subse-
quent perinatal transmission before conception or during 
pregnancy, a period of heightened risk for HIV acquisition. 
Obstetrician-gynecologists may play a role in bolstering 
PrEP acceptability [75]; last year, the American College 
of Obstetricians and Gynecologists updated their guidance 
to recommend PrEP to all sexually active adolescents and 
adults [76]. The introduction of PrEP as a part of routine 
prenatal care at the first antenatal visit has demonstrated 
high acceptability and uptake among cisgender pregnant 
persons [77].

Regardless of an expansion and access of PrEP to a wider 
cache of adolescents and adults, adherence is key to achiev-
ing and maintaining drug concentrations in vaginal and 
cervical tissues to prevent HIV acquisition. Additionally, 
physiologic changes of pregnancy may affect the pharma-
cokinetics of PrEP: during the second and third trimesters 
in pregnancy, increased plasma volume and increased renal 
clearance may lead to lower local drug concentrations. Gen-
erally, it is acknowledged that it takes 20 days to achieve 
optimal concentrations of tenofovir and/or emtricitabine in 
vaginal and cervical tissues [78, 79]. Currently, it is recom-
mended that people who start PrEP who are planning to 
conceive or who are pregnant use another form of protection 
for at least 20 days to prevent primary HIV infection.

Current clinical trials are underway to examine the safety 
and efficacy of PrEP in pregnancy. Currently, FTC/TDF is the 
PrEP regimen recommended for people without HIV who are 
planning to have a child or who are pregnant or breastfeeding 
[10]. The HIV Prevention Trials Network (HPTN) 084 trial 
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demonstrated that intramuscular cabotegravir every 8 weeks 
[80] was effective in the prevention of HIV in cisgender non-
pregnant women [81]. However, data on the use of cabotegra-
vir as HIV prevention during pregnancy is sparse: a case series 
of 25 pregnancies of cisgender women who participated in the 
long-acting cabotegravir and rilpivirine clinical trials resulted 
in 10 live births, one of whom had a congenital anomaly [82]. 
Studies are planned to investigate the safety and efficacy of 
long-acting ART as a form of PrEP in pregnancy.

However, data on the safety and efficacy of oral FTC/
TDF in pregnancy have been reported and is emerging. Ret-
rospective analyses from clinical trials which suggested first 
trimester exposure to PrEP, demonstrate that oral PrEP is 
safe in pregnancy and is mostly not associated with signifi-
cant fetal or maternal outcomes [83–85]. This month, the 
results of the CAP016 trial were published [86]; the CAP016 
trial was a single-site, randomized, non-inferiority trial in 
South Africa which was designed to evaluate the maternal 
and perinatal safety of FTC/TDF in pregnancy were recently 
reported. Among 540 cisgender pregnant women not living 
with HIV enrolled at 14 to 28 weeks of gestation, preterm 
birth and small for gestational age were not associated with 
PrEP, supporting the safety of FTC/TDF in pregnancy. Aside 
from oral and long-acting PrEP regimens, monthly dapiv-
irine vaginal ring also shows promise as a safe and effective 
method to prevent HIV seroconversion among people capa-
ble of pregnancy not living with HIV. In two clinical trials 
involving non-pregnant adults, the dapivirine vaginal ring 
lowered the risk of HIV acquisition and was not associated 
with any safety concerns [87, 88]. Several studies from these 
clinical trials found that there was a low incidence rate of 
HIV infection and improved adherence to treatment with 
the use of the dapivirine ring [89, 90]. The DELIVER study 
is an ongoing open label, phase 3b randomized controlled 
trial in Malawi, South Africa, Uganda, and Zimbabwe which 
seeks to determine maternal and fetal safety of dapivirine 
and oral FTC/TDF in pregnancy (#NCT03965923). The 
trial is set to be completed in 2024 and has already enrolled 
859 participants. These studies, both previous and current, 
point to the potential of PrEP for preventing primary HIV 
infection in pregnant persons while diminishing the social 
stigma and need for daily pill-taking with current PrEP regi-
mens. However, the true effect of PrEP during pregnancy 
on eliminating vertical transmission may better be explored 
through predictive modeling and are thus outside the scope 
of this review.

Conclusions

In the past decade, significant strides have been made in 
the diagnosis, treatment, and prevention of HIV vertical 
transmission. Research efforts should be made to find the 

most optimal cost-effective, universal third-trimester retest-
ing strategy as well as increasing male partner involvement, 
and testing uptake leveraging community and socio-behav-
ioral interventions. In terms of treatment during pregnancy, 
further investigation into the safety profile and long-term 
infant outcomes of integrase inhibitor-based regimens used 
in pregnancy should be explored. Lastly, the safety and effi-
cacy of PrEP as an emerging strategy to prevent vertical 
transmission by preventing primary HIV acquisition in all 
who desire and are capable of pregnancy may become an 
integral part of family planning services for this popula-
tion worldwide. With a holistic and multipronged approach, 
the elimination of HIV vertical transmission is possible and 
achievable in the current generation.

Funding  Lanbo Yang was supported by the UCLA South Ameri-
can Program in HIV Prevention Program (PI: Clark), NIMH grant 
R25MH08722. The funders had no role in contributing to this review.

Declarations 

Conflict of Interest  The authors declare no competing interests.

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

	 1.	 Organization WH. Estimated percentage of pregnant women liv-
ing with HIV who received antiretrovirals for preventing mother-
to-child transmission. 2022. [updated Sep 9, 2019. https://​www.​
who.​int/​data/​gho/​data/​indic​ators/​indic​ator-​detai​ls/​GHO/​estim​
ated-​perce​ntage-​of-​pregn​ant-​women-​living-​with-​hiv-​who-​recei​
ved-​antir​etrov​irals-​for-​preve​nting-​mother-​to-​child-​trans​missi​
on(Updated Sep 9, 2019).

	 2.	 Organization WH. Prevention of mother-to-child transmission. 
Estimates by WHO region. 2021.  https://​apps.​who.​int/​gho/​data/​
view.​main.​23500​REG.

	 3.	 Organization WH. Global guidance on criteria and processes for 
validation: elimination of mother-to-child transmission of HIV, 
syphilis and hepatitis B virus . 2021.  https://​www.​who.​int/​publi​
catio​ns/i/​item/​97892​40039​360.

	 4.	 The LH. The path to elimination of vertical transmission of HIV. 
Lancet HIV. 2022;9(2):e67.

	 5.	 Adepoju P. HIV-free generation within reach for Botswana. Lan-
cet HIV. 2022;9(2):e76–7.

	 6.	 Organization WH. Global monitoring framework and strategy 
for the global plan towards the elimination of new HIV infec-
tions among children by 2015 and keeping their mothers alive 
(EMTCT). 2012.  https://​apps.​who.​int/​iris/​bitst​ream/​handle/​
10665/​75341/​97892​41504​270_​eng.​pdf?​seque​nce=1.

	 7.	 Organization WH. Global health sector strategies on, respec-
tively, HIV, viral hepatitis and sexually transmitted infections 
for the period 2022–2030. 2022. [updated July 18, 2022.  https://​
www.​who.​int/​publi​catio​ns/i/​item/​97892​40053​779. (Updated 
July 18, 2022).

https://www.who.int/data/gho/data/indicators/indicator-details/GHO/estimated-percentage-of-pregnant-women-living-with-hiv-who-received-antiretrovirals-for-preventing-mother-to-child-transmission
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/estimated-percentage-of-pregnant-women-living-with-hiv-who-received-antiretrovirals-for-preventing-mother-to-child-transmission
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/estimated-percentage-of-pregnant-women-living-with-hiv-who-received-antiretrovirals-for-preventing-mother-to-child-transmission
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/estimated-percentage-of-pregnant-women-living-with-hiv-who-received-antiretrovirals-for-preventing-mother-to-child-transmission
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/estimated-percentage-of-pregnant-women-living-with-hiv-who-received-antiretrovirals-for-preventing-mother-to-child-transmission
https://apps.who.int/gho/data/view.main.23500REG
https://apps.who.int/gho/data/view.main.23500REG
https://www.who.int/publications/i/item/9789240039360
https://www.who.int/publications/i/item/9789240039360
https://apps.who.int/iris/bitstream/handle/10665/75341/9789241504270_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/75341/9789241504270_eng.pdf?sequence=1
https://www.who.int/publications/i/item/9789240053779
https://www.who.int/publications/i/item/9789240053779


127Current HIV/AIDS Reports (2023) 20:121–130	

1 3

	 8.	 Zangeneh SZ, Wilson EA, Ahluwalia S, Donnell DJ, Chen YQ, 
Grinsztejn B, Melo MG, Godbole SV, Hosseinipour MC, Taha 
T, Kumwenda J, McCauley M, Cohen MS, Nielsen-Saines K. 
Pregnancy rates and clinical outcomes among women living with 
HIV enrolled in HPTN 052. AIDS Care. 2022;16:1–9. https://​
doi.​org/​10.​1080/​09540​121.​2022.​21411​87.

	 9.	 Nielsen-Saines K, Watts DH, Veloso VG, Bryson YJ, Joao 
EC, Pilotto JH, et  al. Three postpartum antiretroviral regi-
mens to prevent intrapartum HIV infection. N Engl J Med. 
2012;366(25):2368–79.

	10.	 Transmission PoToHDPaPoP. Recommendations for the use 
of antiretroviral drugs during pregnancy and interventions to 
reduce perinatal HIV transmission in the United States. 2023. 
[updated Jan 31, 2023. https://​clini​calin​fo.​hiv.​gov/​en/​guide​lines/​
perin​atal/​whats-​new. (Updated Jan 31, 2023).

	11.	 Simonon A, Lepage P, Karita E, Hitimana DG, Dabis F, Msellati 
P, et al. An assessment of the timing of mother-to-child transmis-
sion of human immunodeficiency virus type 1 by means of poly-
merase chain reaction. J Acquir Immune Defic Syndr (1988). 
1994;7(9):952–7.

	12.	 Van de Perre P, Simonon A, Msellati P, Hitimana DG, Vaira D, 
Bazubagira A, et al. Postnatal transmission of human immunode-
ficiency virus type 1 from mother to infant. A prospective cohort 
study in Kigali, Rwanda. N Engl J Med. 1991;325(9):593–8.

	13.	 Dunn DT. A review of statistical methods for estimating the risk 
of vertical human immunodeficiency virus transmission. Int J 
Epidemiol. 1998;27(6):1064–7.

	14.	 Bryson YJ, Luzuriaga K, Sullivan JL, Wara DW. Proposed defi-
nitions for in utero versus intrapartum transmission of HIV-1. N 
Engl J Med. 1992;327(17):1246–7.

	15.•	 Sibiude J, Le Chenadec J, Mandelbrot L, Hoctin A, Dollfus C, 
Faye A, et al. Update of perinatal HIV-1 transmission in France: 
zero transmission for 5482 mothers on continuous ART from 
conception and with undetectable viral load at delivery. Clin 
Infect Dis. 2022. This study provides an updated data on peri-
natal transmission among 14,000 women living with HIV, 
demonstrated vertical transmission, and can be eliminated in 
setting of free access to ART, regular viral load monitoring, 
infant ART prophylaxis, the absence of breastfeeding, and 
ART initiation before and continued throughout pregnancy. 
This study also demonstrated that vertical transmission is 
highly correlated with detectable viremia at delivery, as 
established by previous studies.

	16.	 Dickover RE, Garratty EM, Herman SA, Sim MS, Plaeger S, 
Boyer PJ, et al. Identification of levels of maternal HIV-1 RNA 
associated with risk of perinatal transmission. Effect of maternal 
zidovudine treatment on viral load. Jama. 1996;275(8):599–605.

	17.	 Mofenson LM, Lambert JS, Stiehm ER, Bethel J, Meyer WA 
3rd, Whitehouse J, et al. Risk factors for perinatal transmission 
of human immunodeficiency virus type 1 in women treated with 
zidovudine. Pediatric AIDS Clinical Trials Group Study 185 
Team. N Engl J Med. 1999;341(6):385–93.

	18.	 Goldenberg RL, Mwatha A, Read JS, Adeniyi-Jones S, Sinkala 
M, Msmanga G, et al. The HPTN 024 study: the efficacy of 
antibiotics to prevent chorioamnionitis and preterm birth. Am J 
Obstet Gynecol. 2006;194(3):650–61.

	19.	 Joubert BR, Franceschini N, Mwapasa V, North KE, Meshnick 
SR. Regulation of CCR5 expression in human placenta: insights 
from a study of mother-to-child transmission of HIV in Malawi. 
PLoS One. 2010;5(2):e9212.

	20.	 Marazzi MC, Liotta G, Nielsen-Saines K, Haswell J, Magid NA, 
Buonomo E, et al. Extended antenatal antiretroviral use corre-
lates with improved infant outcomes throughout the first year of 
life. AIDS. 2010;24(18):2819–26.

	21.	 Papiernik M, Brossard Y, Mulliez N, Roume J, Brechot C, Barin 
F, et al. Thymic abnormalities in fetuses aborted from human 

immunodeficiency virus type 1 seropositive women. Pediatrics. 
1992;89(2):297–301.

	22.	 Finocchario-Kessler S, Goggin K, Staggs V, Wanyenze RK, 
Beyeza-Kashesya J, Mindry D, et al. High report of miscarriage 
among women living with HIV who want to conceive in Uganda. 
BMC Res Notes. 2018;11(1):753.

	23.•	 Yang L, Cambou MC, Segura ER, De Melo MG, Santos BR, 
Dos Santos Varella IR, et al. Patterns of pregnancy loss among 
women living with and without HIV in Brazil, 2008–2018. 
AJOG Glob Rep. 2022;2(4):100121. This study with a large 
sample size compared miscarriage and stillbirth risks 
between women living with HIV and without HIV and dem-
onstrated that HIV confers an increased miscarriage risk 
between 12 and 20 weeks among people living with HIV.

	24.	 Connor EM, Sperling RS, Gelber R, Kiselev P, Scott G, 
O’Sullivan MJ, et al. Reduction of maternal-infant transmission 
of human immunodeficiency virus type 1 with zidovudine treat-
ment. Pediatric AIDS Clinical Trials Group Protocol 076 Study 
Group. N Engl J Med. 1994;331(18):1173–80.

	25.	 Dorenbaum A, Cunningham CK, Gelber RD, Culnane M, Mofen-
son L, Britto P, et al. Two-dose intrapartum/newborn nevirapine 
and standard antiretroviral therapy to reduce perinatal HIV trans-
mission: a randomized trial. JAMA. 2002;288(2):189–98.

	26.	 Flynn PM, Taha TE, Cababasay M, Fowler MG, Mofenson LM, 
Owor M, et al. Prevention of HIV-1 transmission through breast-
feeding: efficacy and safety of maternal antiretroviral therapy 
versus infant nevirapine prophylaxis for duration of breast-
feeding 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.

	27.	 Guay LA, Musoke P, Fleming T, Bagenda D, Allen M, Naka-
biito C, et al. Intrapartum and neonatal single-dose nevirapine 
compared with zidovudine for prevention of mother-to-child 
transmission of HIV-1 in Kampala, Uganda: HIVNET 012 ran-
domised trial. Lancet. 1999;354(9181):795–802.

	28.	 Kourtis AP, Bulterys M, Nesheim SR, Lee FK. Understanding 
the timing of HIV transmission from mother to infant. JAMA. 
2001;285(6):709–12.

	29.	 Wade NA, Birkhead GS, Warren BL, Charbonneau TT, French 
PT, Wang L, et al. Abbreviated regimens of zidovudine prophy-
laxis and perinatal transmission of the human immunodeficiency 
virus. N Engl J Med. 1998;339(20):1409–14.

	30.	 Group TIPH. The mode of delivery and the risk of verti-
cal transmission of human immunodeficiency virus type 1–a 
meta-analysis of 15 prospective cohort studies. N Engl J Med. 
1999;340(13):977–87.

	31.	 Kind C, Rudin C, Siegrist CA, Wyler CA, Biedermann K, 
Lauper U, et al. Prevention of vertical HIV transmission: addi-
tive protective effect of elective cesarean section and zidovu-
dine prophylaxis. Swiss Neonatal HIV Study Group Aids. 
1998;12(2):205–10.

	32.	 Collaboration. EMoD. Elective caesarean-section versus vaginal 
delivery in prevention of vertical HIV-1 transmission: a ran-
domised clinical trial. Lancet. 1999;353(9158):1035–9.

	33.	 HIV TPoATaMMoCLw. Infant feeding for individuals with HIV 
in the United States. 2023. https://​clini​calin​fo.​hiv.​gov/​en/​guide​
lines/​pedia​tric-​arv/​whats-​new.

	34.	 Fruhauf T, Coleman JS. A Missed Opportunity for U.S. 
Perinatal human immunodeficiency virus elimination: pre-
exposure prophylaxis during pregnancy. Obstet Gynecol. 
2017;130(4):703–9.

	35.	 Organization WH. Consolidated guidelines on the use of antiret-
roviral drugs for treating and preventing HIV infection: recom-
mendations for a public health approach – 2nd ed. 2016.  https://​
apps.​who.​int/​iris/​bitst​ream/​handle/​10665/​208825/​97892​41549​
684_​eng.​pdf?​seque​nce=​1&​isAll​owed=y.

https://doi.org/10.1080/09540121.2022.2141187
https://doi.org/10.1080/09540121.2022.2141187
https://clinicalinfo.hiv.gov/en/guidelines/perinatal/whats-new
https://clinicalinfo.hiv.gov/en/guidelines/perinatal/whats-new
https://clinicalinfo.hiv.gov/en/guidelines/pediatric-arv/whats-new
https://clinicalinfo.hiv.gov/en/guidelines/pediatric-arv/whats-new
https://apps.who.int/iris/bitstream/handle/10665/208825/9789241549684_eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/208825/9789241549684_eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/208825/9789241549684_eng.pdf?sequence=1&isAllowed=y


128	 Current HIV/AIDS Reports (2023) 20:121–130

1 3

	36.	 Chagomerana MB, Edwards JK, Zalla LC, Carbone NB, Banda 
GT, Mofolo IA, et al. Timing of HIV testing among pregnant and 
breastfeeding women and risk of mother-to-child HIV transmis-
sion in Malawi: a sampling-based cohort study. J Int AIDS Soc. 
2021;24(3):e25687.

	37.	 Wibabara Y, Lukabwe I, Kyamwine I, Kwesiga B, Ario AR, 
Nabitaka L, et al. The yield of HIV testing during pregnancy and 
postnatal period, Uganda, 2015–2018: analysis of surveillance 
data. AIDS Res Ther. 2021;18(1):35.

	38.	 Ishikawa N, Dalal S, Johnson C, Hogan DR, Shimbo T, Shaffer 
N, et al. Should HIV testing for all pregnant women continue? 
Cost-effectiveness of universal antenatal testing compared to 
focused approaches across high to very low HIV prevalence 
settings. J Int AIDS Soc. 2016;19(1):21212.

	39.	 Rodriguez PJ, Roberts DA, Meisner J, Sharma M, Owiredu MN, 
Gomez B, et al. Cost-effectiveness of dual maternal HIV and 
syphilis testing strategies in high and low HIV prevalence coun-
tries: a modelling study. Lancet Glob Health. 2021;9(1):e61–71.

	40.	 Yee LM, Goldberger AR, Garcia PM, Miller ES. Sexual partner 
testing for HIV to eliminate mother-to-child HIV transmission: 
a needs assessment in an urban hospital community clinic. J 
Perinatol. 2017;37(1):21–6.

	41.	 Yeganeh N, Kreitchmann R, Leng M, Nielsen-Saines K, Gorbach 
PM, Klausner JD. Diagnosis and treatment of sexually transmit-
ted infections in male partners of pregnant women in Brazil. Int 
J STD AIDS. 2021;32(13):1242–9.

	42.	 Olakunde BO, Adeyinka DA, Oladele T, Ozigbu CE. HIV testing 
among male partners of pregnant women in Nigeria: a missing 
link in the elimination of mother-to-child transmission of HIV. 
Int J STD AIDS. 2018;29(4):404–9.

	43.	 Chanyalew H, Girma E, Birhane T, Chanie MG. Male partner 
involvement in HIV testing and counseling among partners of 
pregnant women in the Delanta District, Ethiopia. PLoS One. 
2021;16(3):e0248436.

	44.	 Lavender T, Wakasiaka S, Chimwaza A, Wood R, Omoni G, 
Mukhwana R, et  al. A qualitative study of partner engage-
ment in HIV testing in Malawi and Kenya. Cult Health Sex. 
2019;21(10):1131–45.

	45.	 Ware NC, Wyatt MA, Pisarski EE, Kamusiime B, Kasiita V, 
Nalukwago G, et al. How pregnant women living with HIV and 
their male partners manage men’s HIV self-testing: qualitative 
analysis of an HIVST secondary distribution process in Kam-
pala, Uganda. J Int AIDS Soc. 2023;26(1):e26050.

	46.	 Yang LH, Poku OB, Misra S, Mehta HT, Rampa S, Eisenberg 
MM, et al. Stigma, structural vulnerability, and “what matters 
most” among women living with HIV in Botswana, 2017. Am J 
Public Health. 2021;111(7):1309–17.

	47.	 Yeganeh N, Kerin T, Simon M, Nielsen-Saines K, Klausner 
JD, Santos B, et al. Challenges and motivators for male partner 
involvement in prenatal care for HIV testing in a tertiary setting 
in Brazil. Int J STD AIDS. 2019;30(9):875–84.

	48.	 Yeganeh N, Simon M, Dillavou C, Varella I, Santos BR, Melo M, 
et al. HIV testing of male partners of pregnant women in Porto 
Alegre, Brazil: a potential strategy for reduction of HIV sero-
conversion during pregnancy. AIDS Care. 2014;26(6):790–4.

	49.	 Gichangi A, Wambua J, Mutwiwa S, Njogu R, Bazant E, Wam-
icwe J, et al. Impact of HIV self-test distribution to male part-
ners of ANC clients: results of a randomized controlled trial in 
Kenya. J Acquir Immune Defic Syndr. 2018;79(4):467–73.

	50.	 Pintye J, Drake AL, Begnel E, Kinuthia J, Abuna F, Lagat H, 
et al. Acceptability and outcomes of distributing HIV self-tests 
for male partner testing in Kenyan maternal and child health and 
family planning clinics. AIDS. 2019;33(8):1369–78.

	51.	 Choko AT, Kumwenda MK, Johnson CC, Sakala DW, Chikalipo 
MC, Fielding K, et al. Acceptability of woman-delivered HIV 
self-testing to the male partner, and additional interventions: a 
qualitative study of antenatal care participants in Malawi. J Int 
AIDS Soc. 2017;20(1):21610.

	52.	 Korte JE, Strauss M, Ba A, Buregyeya E, Matovu JK, Kisa R, 
et al. HIV testing preferences among pregnant women attending 
antenatal care and their male partners: a discrete choice experi-
ment in Uganda. Afr J AIDS Res. 2019;18(4):332–40.

	53.	 Korte JE, Kisa R, Vrana-Diaz CJ, Malek AM, Buregyeya E, 
Matovu JKB, et al. HIV oral self-testing for male partners of 
women attending antenatal care in Central Uganda: uptake 
of testing and linkage to care in a randomized trial. J Acquir 
Immune Defic Syndr. 2020;84(3):271–9.

	54.	 Marwa T, Karanja S, Osero J, Orago A. The effects of HIV self-
testing kits in increasing uptake of male partner testing among 
pregnant women attending antenatal clinics in Kenya: a rand-
omized controlled trial. Pan Afr Med J. 2019;33:213.

	55.	 Mutale W, Freeborn K, Graybill LA, Lusaka MM, Mollan KR, 
Mweemba O, et al. Addition of HIV self-test kits to partner 
notification services to increase HIV testing of male partners 
of pregnant women in Zambia: two parallel randomised trials. 
Lancet Glob Health. 2021;9(12):e1719–29.

	56.	 Choko AT, Corbett EL, Stallard N, Maheswaran H, Lepine A, 
Johnson CC, et al. HIV self-testing alone or with additional 
interventions, including financial incentives, and linkage to 
care or prevention among male partners of antenatal care clinic 
attendees in Malawi: an adaptive multi-arm, multi-stage cluster 
randomised trial. PLoS Med. 2019;16(1):e1002719.

	57.	 Choko AT, Fielding K, Johnson CC, Kumwenda MK, Chilon-
gosi R, Baggaley RC, et al. Partner-delivered HIV self-test kits 
with and without financial incentives in antenatal care and index 
patients with HIV in Malawi: a three-arm, cluster-randomised 
controlled trial. Lancet Glob Health. 2021;9(7):e977–88.

	58.	 Momplaisir F, Finley E, Wolf S, Aaron E, Inoyo I, Bennett D, 
et al. Implementing couple’s human immunodeficiency virus 
testing and counseling in the antenatal care setting. Obstet 
Gynecol. 2020;136(3):582–90.

	59.	 Galle A, Plaieser G, Van Steenstraeten T, Griffin S, Osman NB, 
Roelens K, Degomme O. Systematic review of the concept 'male 
involvement in maternal health' by natural language processing 
and descriptive analysis. BMJ Glob Health. 2021;6(4):e004909. 
https://​doi.​org/​10.​1136/​bmjgh-​2020-​004909.

	60.	 Lyatuu GW, Mwashemele SZ, Urrio R, Naburi H, Kashmir N, 
Machumi L, et al. Long-term virological outcomes in women 
who started option B+ care during pregnancy for prevention of 
mother-to-child transmission of HIV in Dar es Salaam, Tanza-
nia: a cohort study. Lancet HIV. 2021;8(5):e256–65.

	61.	 Lyatuu GW, Urrio R, Naburi H, Lyaruu P, Simba B, Siril H, 
et al. Vertical HIV transmission within 18 months post partum 
among women on lifelong antiretroviral therapy for HIV in Dar 
es Salaam, Tanzania: a prospective cohort study. Lancet HIV. 
2023;10(1):e33–41.

	62.••	Lockman S, Brummel SS, Ziemba L, Stranix-Chibanda L, 
McCarthy K, Coletti A, et al. Efficacy and safety of dolutegra-
vir with emtricitabine and tenofovir alafenamide fumarate or 
tenofovir disoproxil fumarate, and efavirenz, emtricitabine, and 
tenofovir disoproxil fumarate HIV antiretroviral therapy regi-
mens started in pregnancy (IMPAACT 2010/VESTED): a multi-
centre, open-label, randomised, controlled, phase 3 trial. Lancet. 
2021;397(10281):1276–92. This clinical trial demonstrated that 
dolutegravir was safe in pregnancy and had superior efficacy 
in viral suppression at delivery than efavirenz-based regimens.

https://doi.org/10.1136/bmjgh-2020-004909


129Current HIV/AIDS Reports (2023) 20:121–130	

1 3

	63.•	 João EC, Morrison RL, Shapiro DE, Chakhtoura N, Gouvèa 
MIS, de Lourdes BTM, et al. Raltegravir versus efavirenz in 
antiretroviral-naive pregnant women living with HIV (NICHD 
P1081): an open-label, randomised, controlled, phase 4 trial. 
Lancet HIV. 2020;7(5):e322–31. This study, along with Ben-
amor et al., demonstrated that raltegravir was superior in 
suppressing viremia at delivery than efavirenz and can be 
used as an alternative to dolutegravir-based regimens.

	64.•	 Benamor Teixeira ML, Fuller TL, Fragoso Da Silveira Gouvêa MI, 
Santos Cruz ML, Ceci L, Pinheiro Lattanzi F, Sidi LC, Mendes-
Silva W, Nielsen-Saines K, Joao EC. Efficacy of three antiretroviral 
regimens initiated during pregnancy: clinical experience in Rio de 
Janeiro. Antimicrob Agents Chemother. 2020;64(12):e01068-20. 
https://​doi.​org/​10.​1128/​AAC.​01068-​20. This longitudinal study, 
along with the IMPAACT 1081 trial, demonstrated that ralte-
gravir was superior to efavirenz at achieving viral suppression 
before delivery and is a reasonable alternative to dolutegravir.

	65.	 Walmsley SL, Antela A, Clumeck N, Duiculescu D, Eber-
hard A, Gutiérrez F, et  al. Dolutegravir plus abacavir-lami-
vudine for the treatment of HIV-1 infection. N Engl J Med. 
2013;369(19):1807–18.

	66.•	 Kintu K, Malaba TR, Nakibuka J, Papamichael C, Colbers A, 
Byrne K, et al. Dolutegravir versus efavirenz in women starting 
HIV therapy in late pregnancy (DolPHIN-2): an open-label, ran-
domised controlled trial. Lancet HIV. 2020;7(5):e332–9. This was 
a clinical trial which demonstrated that dolutegravir was supe-
rior to efavirenz in virologic suppression at/or close to delivery 
among pregnant women living with HIV who present for HIV 
care late in pregnancy (at/or after 28 weeks of gestation).

	67.	 Malaba TR, Nakatudde I, Kintu K, Colbers A, Chen T, Reynolds 
H, et al. 72 weeks post-partum follow-up of dolutegravir versus 
efavirenz initiated in late pregnancy (DolPHIN-2): an open-label, 
randomised controlled study. Lancet HIV. 2022;9(8):e534–43.

	68.	 Venter WDF, Sokhela S, Simmons B, Moorhouse M, Fairlie L, 
Mashabane N, et al. Dolutegravir with emtricitabine and teno-
fovir alafenamide or tenofovir disoproxil fumarate versus efa-
virenz, emtricitabine, and tenofovir disoproxil fumarate for ini-
tial treatment of HIV-1 infection (ADVANCE): week 96 results 
from a randomised, phase 3, non-inferiority trial. Lancet HIV. 
2020;7(10):e666–76.

	69.	 Venter WDF, Moorhouse M, Sokhela S, Fairlie L, Mashabane 
N, Masenya M, et al. Dolutegravir plus two different prodrugs of 
Tenofovir to treat HIV. N Engl J Med. 2019;381(9):803–15.

	70.	 Money D, Lee T, O’Brien C, Brophy J, Bitnun A, Kakkar F, et al. 
Congenital anomalies following antenatal exposure to dolutegravir: 
a Canadian surveillance study. BJOG. 2019;126(11):1338–45.

	71.	 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 preg-
nancy in Botswana: an observational study. Lancet Glob Health. 
2018;6(7):e804–10.

	72.	 Zash R, Holmes L, Diseko M, Jacobson DL, Brummel S, Mayondi 
G, et al. Neural-tube defects and antiretroviral treatment regimens 
in Botswana. N Engl J Med. 2019;381(9):827–40.

	73.	 Raesima MM, Ogbuabo CM, Thomas V, Forhan SE, Gokatweng 
G, Dintwa E, et al. Dolutegravir use at conception - additional sur-
veillance data from Botswana. N Engl J Med. 2019;381(9):885–7.

	74.	 Organization WH. WHO recommends dolutegravir as preferred 
HIV treatment option in all populations. 2019. https://​www.​who.​
int/​news/​item/​22-​07-​2019-​who-​recom​mends-​dolut​egrav​ir-​as-​prefe​
rred-​hiv-​treat​ment-​option-​in-​all-​popul​ations.

	75.	 Groves AK, Vadaketh J, Raziano VT, Nkwihoreze H, Short WR, 
Momplaisir F. Preexposure prophylaxis acceptability among 

pregnant individuals and implications for human immunodefi-
ciency virus prevention. Obstet Gynecol. 2022;139(4):537–44. 
https://​doi.​org/​10.​1097/​AOG.​00000​00000​004709.

	76.	 Gynecologists TACoOa. Preexposure prophylaxis for the preven-
tion of human immunodeficiency virus. 2022. https://​www.​acog.​
org/​clini​cal/​clini​cal-​guida​nce/​pract​ice-​advis​ory/​artic​les/​2022/​06/​
preex​posure-​proph​ylaxis-​for-​the-​preve​ntion-​of-​human-​immun​
odefi​ciency-​virus.

	77.	 Kinuthia J, Pintye J, Abuna F, Mugwanya KK, Lagat H, Onyango 
D, et al. Pre-exposure prophylaxis uptake and early continuation 
among pregnant and post-partum women within maternal and 
child health clinics in Kenya: results from an implementation pro-
gramme. Lancet HIV. 2020;7(1):e38–48.

	78.	 Seifert SM, Chen X, Meditz AL, Castillo-Mancilla JR, Gardner 
EM, Predhomme JA, et al. Intracellular tenofovir and emtric-
itabine anabolites in genital, rectal, and blood compartments 
from first dose to steady state. AIDS Res Hum Retroviruses. 
2016;32(10–11):981–91.

	79.	 Louissaint NA, Cao YJ, Skipper PL, Liberman RG, Tannen-
baum SR, Nimmagadda S, et al. Single dose pharmacokinetics 
of oral tenofovir in plasma, peripheral blood mononuclear cells, 
colonic tissue, and vaginal tissue. AIDS Res Hum Retroviruses. 
2013;29(11):1443–50.

	80.	 Landovitz RJ, Donnell D, Clement ME, Hanscom B, Cot-
tle L, Coelho L, et  al. Cabotegravir for HIV prevention 
in cisgender men and transgender women. N Engl J Med. 
2021;385(7):595–608.

	81.	 Delany-Moretlwe S, Hughes JP, Bock P, Ouma SG, Hunidzarira 
P, Kalonji D, et al. Cabotegravir for the prevention of HIV-1 in 
women: results from HPTN 084, a phase 3, randomised clinical 
trial. Lancet. 2022;399(10337):1779–89.

	82.	 Patel P, Ford SL, Baker M, Meyer C, Garside L, D'Amico R, Van 
Solingen-Ristea R, Crauwels H, Polli JW, Seal C, Yagüe Muñoz 
I, Thiagarajah S, Birmingham E, Spreen WR, Baugh B, van Wyk 
J, Vannappagari V. Pregnancy outcomes and pharmacokinetics in 
pregnant women living with HIV exposed to long-acting cabote-
gravir and rilpivirine in clinical trials. HIV Med. 2022. https://​doi.​
org/​10.​1111/​hiv.​13439.

	83.	 Dettinger JC, Kinuthia J, Pintye J, Abuna F, Begnel E, Mug-
wanya K, et al. Perinatal outcomes following maternal pre-expo-
sure prophylaxis (PrEP) use during pregnancy: results from a 
large PrEP implementation program in Kenya. J Int AIDS Soc. 
2019;22(9):e25378.

	84.	 Heffron R, Mugo N, Hong T, Celum C, Marzinke MA, Ngure K, 
et al. Pregnancy outcomes and infant growth among babies with 
in-utero exposure to tenofovir-based preexposure prophylaxis for 
HIV prevention. AIDS. 2018;32(12):1707–13.

	85.	 Mugo NR, Hong T, Celum C, Donnell D, Bukusi EA, John-Stewart 
G, et al. Pregnancy incidence and outcomes among women receiv-
ing preexposure prophylaxis for HIV prevention: a randomized 
clinical trial. JAMA. 2014;312(4):362–71.

	86.	 Moodley D, Lombard C, Govender V, Naidoo M, Desmond AC, 
Naidoo K, Mhlongo O, Sebitloane M, Newell ML, Clark R, 
Rooney JF, Gray G; CAP016 Team. Pregnancy and neonatal safety 
outcomes of timing of initiation of daily oral tenofovir disoproxil 
fumarate and emtricitabine pre-exposure prophylaxis for HIV 
prevention (CAP016): an open-label, randomised, non-inferiority 
trial. Lancet HIV. 2023;10(3):e154–e163. https://​doi.​org/​10.​1016/​
S2352-​3018(22)​00369-1.

	87.	 Baeten JM, Palanee-Phillips T, Brown ER, Schwartz K, Soto-
Torres LE, Govender V, et al. Use of a vaginal ring contain-
ing dapivirine for HIV-1 prevention in women. N Engl J Med. 
2016;375(22):2121–32.

https://doi.org/10.1128/AAC.01068-20
https://www.who.int/news/item/22-07-2019-who-recommends-dolutegravir-as-preferred-hiv-treatment-option-in-all-populations
https://www.who.int/news/item/22-07-2019-who-recommends-dolutegravir-as-preferred-hiv-treatment-option-in-all-populations
https://www.who.int/news/item/22-07-2019-who-recommends-dolutegravir-as-preferred-hiv-treatment-option-in-all-populations
https://doi.org/10.1097/AOG.0000000000004709
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2022/06/preexposure-prophylaxis-for-the-prevention-of-human-immunodeficiency-virus
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2022/06/preexposure-prophylaxis-for-the-prevention-of-human-immunodeficiency-virus
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2022/06/preexposure-prophylaxis-for-the-prevention-of-human-immunodeficiency-virus
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2022/06/preexposure-prophylaxis-for-the-prevention-of-human-immunodeficiency-virus
https://doi.org/10.1111/hiv.13439
https://doi.org/10.1111/hiv.13439
https://doi.org/10.1016/S2352-3018(22)00369-1
https://doi.org/10.1016/S2352-3018(22)00369-1


130	 Current HIV/AIDS Reports (2023) 20:121–130

1 3

	88.	 Nel A, van Niekerk N, Kapiga S, Bekker LG, Gama C, Gill K, et al. 
Safety and efficacy of a dapivirine vaginal ring for HIV prevention 
in women. N Engl J Med. 2016;375(22):2133–43.

	89.	 Nel A, van Niekerk N, Van Baelen B, Malherbe M, Mans W, Carter 
A, et al. Safety, adherence, and HIV-1 seroconversion among 
women using the dapivirine vaginal ring (DREAM): an open-label, 
extension study. Lancet HIV. 2021;8(2):e77–86.

	90.	 Baeten JM, Palanee-Phillips T, Mgodi NM, Mayo AJ, Szydlo DW, 
Ramjee G, et al. Safety, uptake, and use of a dapivirine vaginal ring 
for HIV-1 prevention in African women (HOPE): an open-label, 
extension study. Lancet HIV. 2021;8(2):e87–95.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	The End Is in Sight: Current Strategies for the Elimination of HIV Vertical Transmission
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	HIV Vertical Transmission
	Diagnosis and Testing Strategies in Pregnancy
	Recent Developments in ART in Pregnancy
	Prevention of Primary HIV Infection among Pregnant Persons

	Conclusions
	References


