

[image: image1]
Trends in management and outcomes of pregnant women living with HIV between 2008–2013 and 2014–2019: A retrospective cohort study












	
	TYPE Original Research
PUBLISHED 20 October 2022
DOI 10.3389/fmed.2022.970175






Trends in management and outcomes of pregnant women living with HIV between 2008–2013 and 2014–2019: A retrospective cohort study

Olivia Brandon1, Sujay Chakravarti2 and Joris Hemelaar1,2*


1National Perinatal Epidemiology Unit, Oxford Population Health, University of Oxford, Oxford, United Kingdom

2Department of Obstetrics, John Radcliffe Hospital, Oxford University Hospitals National Health Service (NHS) Trust, Oxford, United Kingdom

[image: image2]

OPEN ACCESS

EDITED BY
Javier Caradeux, Santa Maria Clinic, Chile

REVIEWED BY
Marta Lopez, Hospital Clinic of Barcelona, Spain
 Pilar Díaz-Corvillón, Universidad de los Andes, Chile

*CORRESPONDENCE
 Joris Hemelaar, joris.hemelaar@npeu.ox.ac.uk

SPECIALTY SECTION
 This article was submitted to Obstetrics and Gynecology, a section of the journal Frontiers in Medicine

RECEIVED 15 June 2022
 ACCEPTED 30 September 2022
 PUBLISHED 20 October 2022

CITATION
 Brandon O, Chakravarti S and Hemelaar J (2022) Trends in management and outcomes of pregnant women living with HIV between 2008–2013 and 2014–2019: A retrospective cohort study. Front. Med. 9:970175. doi: 10.3389/fmed.2022.970175

COPYRIGHT
 © 2022 Brandon, Chakravarti and Hemelaar. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: Despite major advances in the care of pregnant women living with HIV (WLHIV), they remain at increased risk of adverse pregnancy outcomes. This study assesses recent developments in management and outcomes of pregnant WLHIV at a tertiary obstetric unit in the United Kingdom.

Methods: We conducted a retrospective cohort study of WLHIV delivering at the John Radcliffe Hospital, Oxford, during 2008–2019. Detailed data was collected for maternal, virological, obstetric, and perinatal characteristics. To determine changes over time, data from the periods 2008–13 and 2014–19 were compared.

Results: We identified 116 pregnancies in 94 WLHIV. Between 2008–2013 and 2014–2019, the rate of preconception HIV diagnosis increased from 73 to 90% (p = 0.021) and the proportion of WLHIV on combination ART (cART) at conception increased from 54 to 84% (p = 0.001). The median gestation at which cART was initiated antenatally decreased from 22+1 to 17+1 weeks (p = 0.003). In 2014-2019, 41% of WLHIV received non-nucleoside reverse transcriptase inhibitor-based cART, 37% protease inhibitor-based cART, and 22% of cART regimens contained an integrase inhibitor. The proportion of WLHIV with a viral load <50 copies/mL at delivery rose from 87 to 94% (p = 0.235). Sixty-six percent of WLHIV delivered by Cesarean section, with a significant decrease over time in the rate of both planned (62–39%, p = 0.016) and actual (49–31%, p = 0.044) elective Cesarean. Perinatal outcomes included one case of perinatal HIV transmission (0.86%), 11% preterm birth, 15% small-for-gestational-age, and 2% stillbirth. There was an association between a viral load >50 copies/mL at delivery and preterm delivery (p = 0.0004).

Conclusion: Virological, obstetric, and perinatal outcomes of WLHIV improved during the study period. Implementation of national guidance has led to an increase in preconception diagnosis and treatment, earlier initiation of antenatal treatment, a reduction in the number of women with a detectable viral load at delivery, and an increase in vaginal deliveries.
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Introduction

In 2015, the prevalence of HIV in pregnant women in the United Kingdom (UK) was 0.31%, with rates of around 0.6% in London (1). Over the past 30 years, major advances have been made in improving the health of pregnant women living with HIV (WLHIV), as well as reducing the vertical transmission of HIV. The implementation of universal antenatal screening for HIV from 1999 onwards has been key in the early detection of HIV in pregnant women in the UK. In 2018, antenatal screening coverage in the UK reached 99.6% (2). Other measures crucial to the reduction of vertical transmission of HIV included treatment with intrapartum zidovudine in WLHIV with a detectable viral load, exclusive formula feeding, and neonatal ART. Although elective cesarean was initially recommended in all WLHIV, it is currently only considered in those with a detectable viral load at 36 weeks gestation (3). Antenatal zidovudine monotherapy was widely implemented from 1994 onwards, after it was demonstrated to reduce the risk of vertical transmission of HIV (4). Antenatal combination antiretroviral therapy (cART) was subsequently shown to be superior in reducing vertical HIV transmission and replaced the use of zidovudine monotherapy (5). From 2015, the World Health Organization (WHO) recommend that all people living with HIV should initiate cART as soon as possible after diagnosis, including pregnant WLHIV (6). As a result, global vertical HIV transmission rates fell by 41% between 2010 and 2018 (7). Likewise, rates of vertical HIV transmission in the UK have fallen from 25.6% in 1993, to 2.1% in 2000–2001, to 0.28% in 2015–2016 (8–11).

Untreated maternal HIV infection is associated with an increased risk of adverse perinatal outcomes, including preterm birth, low birth weight, small for gestational age (SGA), and stillbirth (12). Maternal cART improves maternal health and reduces vertical HIV transmission, but the impact on adverse perinatal outcomes has been controversial and may vary by ART regimen and timing of ART initiation (13–21). Current best practice for the care of pregnant WLHIV in the UK is guided by the British HIV Association (BHIVA) guidelines (3). Implementation of these guidelines is key to improving pregnancy outcomes for WLHIV, but detailed and up-to-date information on the management and outcomes of pregnant WLHIV in the UK is sparse. We conducted a retrospective cohort study to assess maternal characteristics, clinical management, and virological, obstetric and perinatal outcomes among WLHIV in a tertiary hospital in the UK in the period 2008–2019.



Materials and methods

We conducted a retrospective cohort study of pregnant WLHIV who delivered at the John Radcliffe Hospital, Oxford, UK between January 2008 and October 2019. Eligible patients were identified using the electronic hospital records database.

Data were extracted from electronic records, paper notes, and National Surveillance of HIV in Pregnancy and Childhood (NSHPC) reporting forms. The data collected included 136 items on maternal demographics, sexual health, contraception, social history, obstetric history, HIV laboratory investigations, antiretroviral therapy, antenatal care, delivery, and neonatal outcomes. Gestational age was based on the first trimester dating scan, except for those who booked late, who instead had dating scans in the second or third trimester. One patient had a concealed pregnancy and gestational age was estimated by neonatal assessment. Preterm birth was defined as delivery before 37+0 weeks. Gestation and sex-adjusted birthweight centiles were calculated using the Intergrowth-21st neonatal size calculator (22). Small for gestational age (SGA) was defined as < 10th centile and large for gestational age (LGA) as >90th centile. All data were anonymized and stored in password protected electronic files in Microsoft Excel. The study was registered and approved by the institutional governance department.

In order to analyze changes in patient characteristics, clinical management, and virological, obstetric and perinatal outcomes over time, the study cohort was split into two groups. Given that guidelines on the management of HIV in pregnancy have changed multiple times over the study period, we chose to divide our data evenly based on years of delivery (2008–2013 and 2014–2019).

In WLHIV who had more than one pregnancy in the study period, each pregnancy was treated as a separate case. Differences in frequencies and medians between the two time periods were compared using the Chi-squared test, Fisher's exact test, or the Mann-Whitney U-test, as appropriate. The associations of key aspects in HIV management with perinatal outcomes were assessed using the same statistical tests. All statistical analyses were performed in Prism (version 9.1.0, GraphPad Software, San Diego, California, USA). p < 0.05 was considered statistically significant.



Results

During the period 2008–2019, we identified 129 pregnancies among WLHIV who delivered at the John Radcliffe Hospital, Oxford. Thirteen WLHIV were excluded due to missing medical notes. The remaining 116 pregnancies occurred among 94 different WLHIV, including 16 WLHIV who had two pregnancies in the study period, and three who had three pregnancies. Sixty-seven WLHIV delivered in the period 2008–2013 and 49 in 2014–2019.

Between 2008–2013 and 2014–2019, the rate of preconception HIV diagnosis increased from 72 to 90% (p = 0.021; Table 1). Conversely, HIV diagnosis during pregnancy, as part of the antenatal screening program, decreased from 26 to 10% (p = 0.033). Antenatal HIV diagnosis also tended to be made earlier in pregnancy, with median gestation 15+0 weeks in 2008–2013 and 11+5 weeks in 2014–2019 (p = 0.140). Overall, 30% of WLHIV diagnosed antenatally had a CD4 count < 350 cells/mm3, and 26% had a CD4 count <200 cells/mm3. Two percent of WLHIV had symptomatic HIV infection, and 7% were diagnosed with acquired immunodeficiency syndrome (AIDS; Table 1).


TABLE 1 Maternal characteristics.
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Thirty-five percent of pregnancies were unplanned, with a decrease from 43 to 26% across the two time periods (p = 0.060; Table 2). The rates of unplanned pregnancies among women diagnosed with HIV before and after conception were very similar (35%, compared to 38%), with each decreasing over time. These findings are in line with the high proportion of patients who did not use any contraception (44%), which remained unchanged between the time periods. Forty-one percent of WLHIV booked late (≥13 weeks), with a reduction from 47 to 33% between the two periods (p = 0.155). Of late bookers, 3 WLHIV (7%) booked during the third trimester. Eighteen percent of WLHIV were nulliparous, with a decrease over time from 21 to 14% (p = 0.361; Table 2).


TABLE 2 Contraception, booking, and obstetric history.
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We found a significant increase in the proportion of WLHIV taking ART at conception, from 54% in 2008–2013 to 84% in 2014–2019 (p = 0.001; Table 3). In WLHIV taking ART at conception, 86% had a viral load of <50 copies/mL at booking, compared to only 5% of WLHIV not on ART at conception (p < 0.00001). The median CD4 count at booking was 560 cells/mm3 in WLHIV on ART at conception, compared to 350 cells/mm3 in those who had not commenced ART (p = 0.0003; Table 3). All WLHIV who were not on cART at conception commenced cART during pregnancy, except for one woman with a concealed pregnancy who was diagnosed with HIV postnatally. The median gestation at which cART was initiated decreased from 22+1 weeks in 2008–2013 to 17+1 weeks in 2014–2019 (p = 0.003).


TABLE 3 HIV and antiretroviral therapy characteristics.
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Most WLHIV received either protease inhibitor (PI)-based cART, or non-nucleoside reverse transcriptase inhibitor (NNRTI)-based cART (Table 3, Figure 1). Between the two time periods, the proportion of WLHIV on integrase inhibitor (INSTI)-based cART at delivery rose from 2 to 16% (p = 0.010). Overall, 18% of WLHIV had a change in their cART regimen during pregnancy, most commonly either adding an INSTI or switching to an INSTI-based regimen.
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FIGURE 1
 Viral loads at booking and delivery. Each panel shows the viral load of individual women living with HIV (WLHIV) at booking and delivery, according to the type of combination antiretroviral therapy (cART) at delivery: NNRTI-based cART (A), PI-based cART (B), INSTI-based cART (C), and PI and INST-based cART (D). Note that some detectable viral loads at delivery are <50 copies/mL, including one WLHIV on NNRTI-based cART and two WLHIV on PI-based cART.


At delivery, 90% of all WLHIV had a viral load <50 copies/mL (Table 3). The proportion of WLHIV with a viral load <50 copies/mL at delivery was similar regardless of the timing of diagnosis or treatment initiation (Table 3). Conversely, preconception diagnosis was associated with a statistically significant higher CD4 count at delivery (median 535 vs. 445 cells/mm3; p = 0.029).

Amongst the 12 WLHIV with a viral load of ≥50 copies/mL at delivery, eight had a viral load between 50 and 500 copies/mL, and four >10,000 copies/mL. Of this cohort, nine were diagnosed with HIV preconception, and seven were on preconception cART. Of the five women not on preconception cART, four started cART during pregnancy, and one postnatally. Most of the 12 women with a viral load of ≥50 copies/mL at delivery started pregnancy with very high viral loads, with a median booking viral load of 52,141 copies/mL. This compared to a median viral load of 8,106 copies/mL in WLHIV who also had a viral load ≥50 copies/mL at booking, but a viral load <50 copies/mL at delivery (p = 0.086). Two WLHIV who had a viral load ≥50 copies/mL at delivery self-reported poor adherence to ART. Four WLHIV changed ART regimen during pregnancy, including three due to their persistently high viral loads, and one due to treatment side effects. By delivery, four of the 12 WLHIV received NNRTI-cART, four PI-cART, and two PI-/INSTI-cART, with cART regimen unknown for one WLHIV and no cART received by the one WLHIV with a concealed pregnancy.

Overall, 34% of WLHIV delivered vaginally and 66% by Cesarean section (Table 4). There was a significant increase in the number of WLHIV planning for a vaginal delivery from 38 to 61% (p = 0.016), which led to an increase in vaginal deliveries from 27 to 43% (p = 0.072), including a significant increase in forceps deliveries from 1 to 12% (p = 0.041; Table 4). There was a significant reduction in the proportion of WLHIV planning an elective Cesarean section from 62 to 39% (p = 0.016), which translated into a significant reduction in actual deliveries by elective Cesarean section from 49 to 31% (p = 0.044).


TABLE 4 Delivery and neonatal characteristics.
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Key findings in relation to intrapartum interventions included a significant decrease in the proportion of WLHIV treated with intrapartum zidovudine, from 71 to 4% (p = < 0.0001; Table 4). In only two patients in the period 2014–2019 was the mode of delivery influenced by a choice not to perform an intrapartum intervention (fetal blood sampling and fetal scalp electrode) due to the woman's HIV status.

In total, 119 babies were born to 116 WLHIV, including three sets of twins and two stillbirths. One stillbirth occurred at 38 weeks secondary to a placental abruption. The other occurred at 31 weeks, with unknown cause. Overall, there were 13 (11%) preterm births (<37 weeks), including three very preterm births (<32 weeks) and 15% of infants were small for gestational age (SGA), without significant changes between the two periods (Table 4).

Across the two studied time periods, the proportion of infants treated with zidovudine increased from 85 to 98% (p = 0.019; Table 4). There was a corresponding fall in the proportion of infants treated with cART from 12 to 2%. Amongst the 12 infants born to WLHIV with viral loads ≥50 copies/mL at delivery, three were treated with zidovudine alone (the highest maternal viral load in this group was 220), two were treated with cART alone, two received a regimen of cART followed by zidovudine, one infant received neither zidovudine nor cART, and in four the regimen was unknown.

One baby tested positive for HIV (0.86%), which occurred in the period 2008–2013. The woman was diagnosed with HIV and ART initiated preconception, but her viral load control was poor throughout pregnancy. At booking at 21 weeks, she had a viral load of >60,000 copies/mL. Her treatment was changed during pregnancy due to treatment failure, but her adherence was reported to be poor. Although she planned for a Cesarean section, she delivered vaginally at 32 weeks, when her viral load was >30,000 copies/mL. Cesarean section and treatment with intrapartum zidovudine were not possible due to a rapid delivery.

Timing of HIV diagnosis, booking, or ART initiation were not associated with adverse outcomes (Table 5). Protease inhibitors, viral load at booking and CD4 count were also not associated with perinatal outcomes. In contrast, a viral load of ≥50 copies/mL at delivery was associated with preterm birth, with 42% of WLHIV with a viral load ≥50 copies/mL delivering preterm, compared to 8% of WLHIV with a viral load of <50 copies/mL at delivery (p = 0.0004; Table 5). The preterm births among the WLHIV with a viral load of ≥50 copies/mL included three moderate to late preterm births (32–37 weeks), one very preterm birth (28–32 weeks), and one extreme preterm birth (< 28 weeks).


TABLE 5 Associations between HIV and treatment characteristics, and birth outcomes.
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Discussion

This study identified a number of improvements in the management and outcomes among WLHIV delivering at a large tertiary obstetric unit in the UK during 2008–2019. WLHIV delivering in more recent years were more likely to be diagnosed with HIV before conception, to be on ART at conception, and, when ART was started in pregnancy, it was started at an earlier gestational age. The proportion of WLHIV receiving integrase inhibitors increased and the proportion of WLHIV with a viral load ≥50 copies/mL at delivery reduced over time. WLHIV were less likely to both plan for and deliver by elective Cesarean. There were no perinatal HIV transmission during 2014–2019 and other perinatal outcomes remained unchanged.

The rate of late booking in this study was lower than the national average for WLHIV with HIV (41%, compared to 51%) (23). However, it remains considerably higher than a previously reported national average of 15% across all women (24). Further work is required to understand the factors causing late booking in this population, particularly as late booking has been identified as a major contributory factor in cases of vertical HIV transmission in the UK (25).

The rate of antenatal HIV diagnosis in this cohort (19%) is comparable to other data from both the UK and cohorts in other high-income countries (8, 26–30). In keeping with a national decline in new antenatal diagnoses, the proportion of women diagnosed with HIV in pregnancy in our cohort fell from 27% in 2008–2013 to 10% in 2014–2019. This was reflected by the high proportion of WLHIV (66%) already on treatment at conception, which rose significantly from 54 to 84%. In comparison, rates of ART use at conception were lower both nationally and at two other centers reporting recently, ranging from 49 to 76% (6, 8, 26, 31, 32). In WLHIV who started ART in pregnancy, the median gestation at ART initiation fell from 22 to 17 weeks. This reflects similar progress in other national and international cohorts, with recent studies reporting a median start time of 22 weeks (6, 31, 33) compared to 24–28 weeks in earlier studies (33–35).

We found an increase in the proportion of WLHIV receiving an integrase inhibitor during pregnancy, reaching 22% at delivery during 2014–2019. A recent randomized controlled trial (RCT) reported that integrase inhibitor dolutegravir has superior virological efficacy at delivery and may improve perinatal outcomes, compared to efavirenz-based cART, when initiated during pregnancy (36). The WHO and US guidelines recommend dolutegravir-based cART as first-line regimen, but the current BHIVA guideline recommends integrase inhibitors as second-line drugs (37–39). It is anticipated that the UK guideline will soon be updated and recommend dolutegravir-based cART as first-line for use in pregnant and breastfeeding WLHIV, which should lead to an increase in its use in pregnancy.

The proportion of WLHIV with a viral load <50 copies/mL at delivery (90% overall, and 94% in the most recent period) is higher than in other studies from the last 10 years (6, 28, 29, 31, 33, 35, 40), and higher than the national figure of 87% between 2012 and 2014 (8). The proportion of WLHIV delivering vaginally in the present study increased from 27 to 43%. This is similar to recent national data from 2012 to 2014, which reported a vaginal delivery rate of 46% (8). This increase in the rate of vaginal delivery is likely due to guidance encouraging vaginal delivery for WLHIV with a viral load <50 copies/mL, even when the duration of membrane rupture has been >4 h (3). Forceps, as opposed to Ventouse, is the instrument of choice for assisted vaginal deliveries in the context of HIV and its use increased from 1 to 12%, in line with instrumental rates in pregnancies not affected by HIV.

Vertical transmission of HIV occurred in one delivery (0.86%). This is similar to the national finding of a 0.27% transmission rate between 2012 and 2014 (8), as well as rates reported from both the UK and other high-income countries over the last 10 years (26, 28, 30, 31, 33, 35, 41, 42). The preterm delivery rate of 11.2% is lower than the national rate of 12.5% amongst WLHIV, but remains considerably higher than the national rate of 7.8% amongst all women (14, 43). The rate of low birth weight was 16%. This is comparable to national UK data (44), whilst other similar cohorts in high-income countries report rates ranging from 12 to 25% (28, 41, 42, 45, 46). Fifteen percent of infants were SGA. In comparison, other studies in WLHIV reported rates of SGA birth ranging from 7 to 26%, whilst the national rate of SGA birth is 9% (15–19). Two infants (2%) in the present study were stillborn. This compares to a national rate of 0.85% between 2007 and 2015 (20). We did not find an association between preterm birth or birth weight and late booking, antenatal diagnosis, late treatment initiation, use of protease inhibitors, high viral load at booking, or low CD4 count. The finding of an association between a viral load of ≥50 copies/mL and preterm birth highlights the importance of early initiation of ART during pregnancy and achieving virological control early in pregnancy. The increased use of dolutegravir should facilitate rapid suppression of viral load during pregnancy.

Our detailed analyses show that over time more WLHIV are diagnosed before pregnancy and more WLHIV initiate ART before pregnancy, leading to higher levels of viral suppression (and higher CD4 counts) at delivery, which in turn leads to more vaginal births and fewer cases of perinatal HIV transmission. We believe this demonstrates that implementation of regularly updated national HIV guidelines is instrumental in improving pregnancy outcomes for WLHIV (3). Integration of HIV care into obstetric and neonatal care pathways is key to achieving good outcomes. This was achieved through a multidisciplinary approach involving obstetricians, infectious disease/HIV physicians, support workers and neonatologists. Our data indicate the importance of preconception HIV diagnosis and ART initiation in achieving good virological control at delivery and this should be a priority in both high and low resource settings.

A major strength of our study is the comprehensive information collected over a long period, allowing a detailed analysis of changes in management and outcomes over time. The main limitation of our study is its retrospective study design, resulting in incomplete data for some variables and a risk of bias. In addition, the sample size of WLHIV delivering with a viral load ≥50 copies/mL at delivery was low, limiting our ability to draw conclusions about contributing factors to these cases. Furthermore, our statistical analysis focuses on whether several key treatment and virological characteristics are associated with perinatal outcomes. However, it is worth noting that there are other possible confounding factors that were not considered in this study.

Virological, obstetric and perinatal outcomes and trends in our cohort of pregnant WLHIV are largely favorable. However, there is room for further improvement, in particular regarding the further normalization of the management of labor for WLHIV with a viral load <50 copies/mL, promotion of vaginal delivery, and support of breastfeeding for WLHIV who opt to do so (3, 47). Further improvements in virological control and perinatal outcomes are anticipated with the increased use of integrase inhibitor dolutegravir.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



Ethics statement

The studies involving human participants were reviewed and approved by Oxford University Hospitals National Health Service Foundation Trust Clinical Governance Office, Level 4 Women's Center, John Radcliffe Hospital Oxford OX3 9DU. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

OB identified participants, obtained medical records, extracted data, conducted the analyses, interpreted the data, and wrote the first draft of the manuscript. SC identified participants, obtained medical records, and edited the manuscript. JH conceived, designed, and coordinated the study, developed the data collection proforma, assisted with data extraction, interpreted the data, and wrote the manuscript. All authors read and approved the final version of the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Public Health England. Antenatal Screening for Infectious Diseases in England: Summary Report for 2015. London: Public Health England (2017).

 2. Public Health England. HIV in the United Kingdom: Towards Zero HIV Transmissions by 2030. London: Public Health England (2019).

 3. British HIV Association. British HIV Association Guidelines for the Management of HIV in Pregnancy and Postpartum 2018 (2020 Third Interim Update). London: British HIV Association (2020).

 4. 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 treatment. Pediatric AIDS Clinical Trials Group Protocol 076 Study Group. N Engl J Med. (1994) 331:1173–80.

 5. Cooper ER, Charurat M, Mofenson L, Hanson IC, Pitt J, Diaz C, et al. Combination antiretroviral strategies for the treatment of pregnant HIV-1-infected women and prevention of perinatal HIV-1 transmission. J Acquir Immune Defic Syndr. (2002) 29:484–94. doi: 10.1097/00042560-200204150-00009

 6. Raffe SF, Savage C, Perry LA, Patel A, Keith T, Howell R, et al. The management of HIV in pregnancy: a 10-year experience. Eur J Obstet Gynecol Reprod Biol. (2017) 210:310–3. doi: 10.1016/j.ejogrb.2016.12.021

 7. UNAIDS. Global AIDS update 2019 - Communities at the Centre. Geneva: UNAIDS (2019).

 8. Peters H, Francis K, Sconza R, Horn A, Tookey PA. UK mother-to-child HIV transmission rates continue to decline: 2012-2014. Clin Infect Dis. (2017) 64:527–8. doi: 10.1002/9781119085751

 9. Duong T, Ades AE, Gibb DM, Tookey PA, Masters J. Vertical transmission rates for HIV in the British Isles: estimates based on surveillance data. Br Med J. (1999) 319:1227–9. doi: 10.1136/bmj.319.7219.1227

 10. Townsend CL, Byrne L, Cortina-Borja M, Thorne C, de Ruiter A, Lyall H, et al. Earlier initiation of ART and further decline in mother-to-child HIV transmission rates, 2000-2011. AIDS. (2014) 28:1049–57. doi: 10.1097/QAD.0000000000000212

 11. Peters HSR, Francis K, Horn A, Thorne C. Successes and Emerging Challenges in Prevention of Vertical HIV Transmission in the UK Ireland. (2018). p. 21. Available online at: https://www.ucl.ac.uk/nshpc/sites/nshpc/files/peters_successes_and_challenges_pmtct.pdf (accessed October 9, 2022).

 12. Wedi CO, Kirtley S, Hopewell S, Corrigan R, Kennedy SH, Hemelaar J. Perinatal outcomes associated with maternal HIV infection: a systematic review and meta-analysis. Lancet HIV. (2016) 3:e33–48. doi: 10.1016/S2352-3018(15)00207-6

 13. Mofenson LM. Antiretroviral therapy and adverse pregnancy outcome: the elephant in the room? J Infect Dis. (2016) 213:1051–4. doi: 10.1093/infdis/jiv390

 14. Townsend C, Schulte J, Thorne C, Dominguez KI, Tookey PA, Cortina-Borja M, et al. Antiretroviral therapy and preterm delivery-a pooled analysis of data from the United States and Europe. B Int J Obstetr Gynaecol. (2010) 117:1399–410. doi: 10.1111/j.1471-0528.2010.02689.x

 15. Tshivuila-Matala COO, Honeyman S, Nesbitt C, Kirtley S, Kennedy SH, Hemelaar J. Adverse perinatal outcomes associated with antiretroviral therapy regimens: systematic review and network meta-analysis. AIDS. (2020) 34:1643–56. doi: 10.1097/QAD.0000000000002593

 16. Phiri K, Williams PL, Dugan KB, Fischer MA, Cooper WO, Seage GR III, et al. Antiretroviral therapy use during pregnancy and the risk of small for gestational age birth in a medicaid population. Pediatr Infect Dis J. (2015) 34:e169–75. doi: 10.1097/INF.0000000000000712

 17. Portwood C, Murray C, Sexton H, Kumarendran M, Brandon Z, Johnson B, et al. Adverse perinatal outcomes associated with HAART and monotherapy. AIDS. (2022) 36:1409–27. doi: 10.1097/QAD.0000000000003248

 18. Snijdewind IJM, Smit C, Godfried MH, Bakker R, Nellen J, Jaddoe VWV, 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:e0191389. doi: 10.1371/journal.pone.0191389

 19. Santosa WB, Staines-Urias E, Tshivuila-Matala COO, Norris SA, Hemelaar J. Perinatal outcomes associated with maternal HIV and antiretroviral therapy in pregnancies with accurate gestational age in South Africa. AIDS. (2019) 33:1623–33. doi: 10.1097/QAD.0000000000002222

 20. Cowdell I, Beck K, Portwood C, Sexton H, Kumarendran M, Brandon Z, et al. Adverse perinatal outcomes associated with protease inhibitor-based antiretroviral therapy in pregnant women living with HIV: a systematic review and meta-analysis. EClinicalMedicine. (2022) 46:101368. doi: 10.1016/j.eclinm.2022.101368

 21. Sexton H, Kumarendran M, Brandon Z, Shi C, Kirtley S, Hemelaar J. Adverse perinatal outcomes associated with timing of initiation of antiretroviral therapy: systematic review and meta-analysis. HIV Med. (2022) 2022:13326. doi: 10.1111/hiv.13326

 22. Villar J, Cheikh Ismail L, Victora CG, Ohuma EO, Bertino E, Altman DG, et al. International standards for newborn weight, length, and head circumference by gestational age and sex: the Newborn Cross-Sectional Study of the INTERGROWTH-21st Project. Lancet. (2014) 384:857–68. doi: 10.1016/S0140-6736(14)60932-6

 23. Tariq S, Elford J, Cortina-Borja M, Tookey PA. The association between ethnicity and late presentation to antenatal care among pregnant women living with HIV in the UK and Ireland. AIDS Care. (2012) 24:978–85. doi: 10.1080/09540121.2012.668284

 24. Redshaw M, Heikkila K. Delivered With Care: A National Survey of Women's Experience of Maternity Care 2010. Oxford: University of Oxford, National Perinatal Epidemiology Unit (2010).

 25. Peters H, Thorne C, Tookey PA, Byrne L. National audit of perinatal HIV infections in the UK, 2006-2013: what lessons can be learnt? HIV Med. (2018) 19:280–9. doi: 10.1111/hiv.12577

 26. Raffe S, Curtis H, Tookey P, Peters H, Freedman A, Gilleece Y, et al. National clinical audit: management of pregnancies in women with HIV. BMC Infect Dis. (2017) 17:158. doi: 10.1186/s12879-017-2255-6

 27. Chen JS, Pence BW, Rahangdale L. Postpartum HIV care continuum outcomes in the southeastern USA. AIDS. (2019) 33:637–44. doi: 10.1097/QAD.0000000000002094

 28. Moseholm E, Katzenstein TL, Pedersen G, Johansen IS, Wienecke LS, Storgaard M, et al. Use of antiretroviral therapy in pregnancy and association with birth outcome among women living with HIV in Denmark: a nationwide, population-based cohort study. HIV Med. (2022) 23:1007–18. doi: 10.1111/hiv.13304

 29. Koay WLA, Zhang J, Manepalli KV, Griffith CJ, Castel AD, Scott RK et al. Prevention of perinatal HIV transmission in an area of high HIV prevalence in the United States. J Pediatr. (2021) 228:101–9. doi: 10.1016/j.jpeds.2020.09.041

 30. Tibaldi C, Masuelli G, Sansone M, Tassis B, Cetin I, Franceschetti L, et al. Vaginal delivery in women with HIV in Italy: results of 5 years of implementation of the national SIGO-HIV protocol. Infection. (2019) 47:981–90. doi: 10.1007/s15010-019-01336-z

 31. Carey L, Desouza C, Moorcroft A, Elgalib A. Pregnancy outcomes of women with HIV in a district general hospital in the UK. J Obstet Gynaecol. (2018) 38:777–80. doi: 10.1080/01443615.2017.1416598

 32. National Study of HIV in Pregnancy Childhood. Obstetric and Paediatric HIV Surveillance Data From the UK. (2020). Available online at: https://www.ucl.ac.uk/integrated-screening-outcomes-surveillance/sites/integrated_screening_outcomes_surveillance/files/isoss_slides_july_2020._updated_0.pdf (accessed October 9, 2022).

 33. European Pregnancy and Paediatric HIV Cohort Collaboration (EPPICC) Study Group. Nucleoside reverse transcriptase inhibitor backbones and pregnancy outcomes. AIDS. (2019) 33:295–304. doi: 10.1097/QAD.0000000000002039

 34. Pammi M, Garley JE, Carlin EM. Pregnancy outcomes of HIV-positive women in a tertiary centre in the UK. J Obstet Gynaecol. (2015) 35:136–8. doi: 10.3109/01443615.2014.948395

 35. Elgalib A, Hegazi A, Samarawickrama A, Roedling S, Tariq S, Draeger E, et al. Pregnancy in HIV-infected teenagers in London. HIV Med. (2011) 12:118–23. doi: 10.1111/j.1468-1293.2010.00878.x

 36. Lockman S, Brummel SS, Ziemba L, Stranix-Chibanda L, McCarthy K, Coletti A, et al. Efficacy and safety of dolutegravir with emtricitabine and tenofovir alafenamide fumarate or tenofovir disoproxil fumarate, and efavirenz, emtricitabine, and tenofovir disoproxil fumarate HIV antiretroviral therapy regimens started in pregnancy (IMPAACT 2010/VESTED): a multicentre, open-label, randomised, controlled, phase 3 trial. Lancet. (2021) 397:1276–92. doi: 10.1016/S0140-6736(21)00314-7

 37. WHO. Consolidated Guidelines on HIV Prevention, Testing, Treatment, Service Delivery and Monitoring: Recommendations for a Public Health Approach. Geneva (2021).

 38. Transmission. Panel on Treatment of HIV During Pregnancy and Prevention of Perinatal Transmission. Recommendations for Use of Antiretroviral Drugs in Transmission in the United States. (2022). Available online at: https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/Perinatal_GL.pdf (accessed October 9, 2022).

 39. Gilleece Y, Tariq S, Bamford A, Bhagani S, Byrne L, et al. British HIV association guidelines for the management of HIV in pregnancy and postpartum. HIV Med. (2018) 20:s2–s86. doi: 10.1111/hiv.12720

 40. Kenny J, Williams B, Prime K, Tookey P, Foster C. Pregnancy outcomes in adolescents in the UK and Ireland growing up with HIV. HIV Med. (2012) 13:304–8. doi: 10.1111/j.1468-1293.2011.00967.x

 41. Floridia M, Pinnetti C, Ravizza M, Frisina V, Cetin I, Fiscon M, et al. Rate, predictors, and consequences of late antenatal booking in a national cohort study of pregnant women with HIV in Italy. HIV Clin Trials. (2014) 15:104–15. doi: 10.1310/hct1503-104

 42. Trepka MJ, Mukherjee S, Beck-Sagué C, Maddox LM, Fennie KP, Sheehan DM, et al. Missed opportunities for preventing perinatal transmission of human immunodeficiency virus, Florida, 2007–2014. South Med J. (2017) 110:116. doi: 10.14423/SMJ.0000000000000609

 43. Office for National Statistics. Birth Characteristics in England and Wales: 2019. (2020). Available online at: https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/bulletins/birthcharacteristicsinenglandandwales/2016 (accessed October 9, 2022).

 44. Townsend CL, Cortina-Borja M, Peckham CS, Tookey PA. Trends in management and outcome of pregnancies in HIV-infected women in the UK and Ireland, 1990-2006. B J Obstet Gynaecol. (2008) 115:1078–86. doi: 10.1111/j.1471-0528.2008.01706.x

 45. Cotter AM, Garcia AG, Duthely ML, Luke B, O'Sullivan MJ. Is antiretroviral therapy during pregnancy associated with an increased risk of preterm delivery, low birth weight, or stillbirth? J Infect Dis. (2006) 193:1195–201. doi: 10.1086/503045

 46. Dara JS, Hanna DB, Anastos K, Wright R, Herold BC. Low birth weight in human immunodeficiency virus–exposed uninfected infants in Bronx, New York. J Pediatr Infect Dis. (2018) 7:e24–9. doi: 10.1093/jpids/pix111

 47. Nyatsanza F, Gubbin J, Gubbin T, Seery P, Farrugia P, Croucher A, et al. Over a third of childbearing women with HIV would like to breastfeed: a UK survey of women living with HIV. Int J Std AIDS. (2021) 32:856–60. doi: 10.1177/0956462421999951



OPS/images/fmed-09-970175-t004.jpg
Characteristic*

Planned mode of delivery (n = 114,65, 49)
Elective cesarean
Vaginal delivery
Actual mode of delivery (n = 116,67, 49)
Cesarean section
Elective cesarean
Emergency cesarean
Vaginal delivery
Normal vaginal delivery
Forceps delivery
Other intrapartum interventions (1 = 49)
Continuous electronic fetal monitoring
Induction of labor
Artificial rupture of membranes
Oxytocin
Fetal blood sampling
Fetal scalp electrode
Episiotomy
Instrumental delivery
Mode of delivery influenced by inability to
perform intrapartum interventions due to HIV
status (n = 49)
Yes
No
Intrapartum zidovudine (n = 111,63, 48)
Delivery outcome (i = 119,67, 52)
Live birth
stillborn
Gestation at delivery (1 = 116, 67, 49)
<32 weeks
3237 weeks
>37 weeks
irth weight, kg (n = 119, 67, 52)
>3.0kg
25-3.0kg
<25kg
Gestation adjusted weight ( = 119, 67, 52)

SGA®
AGA
LGt
ART in neonate (1 = 103, 53, 50)
Zidovudine monotherapy
CART
CART followed by zidovudine
None
Congenital abnormalities (n = 110, 63,47)
Neonate HIV positive (n = 114, 66, 48)

SGA, small for gestational age (<10th centi
antiretroviral therapy.
*Sample

< <10th centile.
4 >90th centile.
<P-value for comparison bety

2008-2013 and 2014-2019,

‘Whole cohort
(2008-19)

59(52)
55 (48)

77 (66)
48(41)
20025
39(34)
3208
7(6)

47 (42)

117 (98)
20)

3(3)
10(9)
103 (89)
3.05(0.62)
66 (55)
34(29)
19.(16)

18(15)
91(76)
10(8)

94(91)
44
30
202
7(6)
1

es for each period are given as (n = 2008-19, 2008-13, and 2014-19).
®Values are given as number (percentage) or mean (standard deviation).

2008-13°

40(62)
25(38)

49(73)
33 (49)
16 (24)
1827
1725)

L

45 (71)

66(99)
150

203)
4(6)
61(91)
3.04(0.55)
36 (54)
2(33)
9(13)

13(19)
50(75)
4(6)

45 (85)
4(8)
2(4)
2(4)
4(6)
1)

2014-19°

19(39)
30(61)

28(57)
15(31)
1327)
21(43)
15(31)
6(12)

12(24)
1224)
14(29)
1531
0(0)
0(0)
5(10)
6(12)

204
47 (96)
2(4)

51(98)
1)

12)
6(12)
42(86)

3.08 (0.70)
30(58)
12(23)
10(19)

5(10)
41(79)
6(12)

49.(98)
0(0)
12
0(0)
3(6)
0(0)

) AGA, appropriate for gestational age (10-90th centile); LGA, large for gestational age (>90th cent

P-value®

0016

0072
0.044
0745
0072
0533
0041

<0.0001

1.000
0319
0369
0722
0666
0242
0392

0.139
0590
0330

0019
0118
1.000
0.496
0994
1.000

); cART, combination





OPS/images/fmed-09-970175-t005.jpg
Characteristic® Preterm births, Median birth Birth weight adjusted for gestational age®

n(%)° weight, kg®
SGA AGA LGA
Time of HIV diagnosis
Before pregnancy (n = 91, 94,94) 10(11) 311 1 76 7
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ing of ART (1 = 116, 67, 49)
“Taking ART at conception 77 (66) 36 (54) 41(84) 0.001
Started ART during pregnancy 37(32) 29(43) 8(16) 0.002
No ART in pregnancy 1@ 1) 0(0) 1.000
Unknown 1) 1) 0(0) 1.000
Taking ART at conception (n = 77, 36, 41)
CD4 count at booking, cells/mm?® (n = 77, 36, 41) 560 (420-660) 545 (360-643) 560 (430-660) 0.689
Viral load <50 copies/mL at booking (1 = 77, 36, 41) 66 (86) 29(81) 37(90) 0225
Viralload >50 copies/mL at booking (1 = 77, 36, 41) 11(14) 7(19) 4(10)
Viral load at booking, copies/mL (n = 11,7, 4) 237 (133-393) 237 (113-461) 253 (186-326) 1.000
Started ART during pregnancy (n = 37,29, 8)
Indication for starting ART (n = 34, 29, 5)
Prevention of vertical HIV transmission 28(82) 26.(90) 2(40) 0029
CD4 count <350 cells/mm® 30 3(10) 0(0) 1.000
Universal treatment 30 00 3(60) 0.002
Gestation when ART regimen started, weeks + days (1 = 34, 22%0 (18%9-24%9) 2+ b aid 0.003
26,8) (20+1-25%9) (14+1-20*1)
CD4 count at booking, cells/mm* (n = 37, 29, 8) 350 (230-510) 350 (230-480) 405 (248-533) 0826
Viral load <50 copies/mL at booking (n = 37, 29, 8) 205 20 0(0) 1.000
Viralload >50 copies/mL at booking (1 = 37, 29, 8) 35.(95) 27(93) 8 (100)
Viral load at booking, copies/mL (n = 35, 27, 8) 14,390 14,390 12,806 0317
(6,478-42,559) (8,363-48,820) (2,862-23.425)
Initial ART regimen (n = 115, 66, 49)
Zidovudine monotherapy 1) 1@ 0(0) 1.000
Pl-based cART 61(53) 38(58) 23(47) 0.258
NNRTI-based cART 46 (40) 26(39) 20 (41) 0878
INSTI-based cART 6(5) 00) 6(12) 0.005
PI+ INSTI-based cART 1) 1) 0(0) 1.000
ART regimen changed (n = 113, 65, 48) 20018) 1320) 7(15) 0456
Reason for change (n = 20, 13,7)¢
Treatment failure 8(36) 6(43) 205) 0.642
Intolerance 8(36) 4029 4(50) 0.356
Toxicity 209 20149 0(0) 0521
Other or unknown reason 4(18) 2(14) 225) 0.587
Changes in ART regimen®
Zidovudine monotherapy to PI-based cART (1 =1,1,0) 1(100) 1(100) 0(0) 1.000
NNRTI-based cART — Pl-based cART (n = 46, 26, 20) 12 1) 0(0) 1.000
Pl-based cART — NNRTI-based cART (n = 61, 38, 23) 12 1) 0(0) 1.000
Pl-based cART — INSTI-based cART (= 61,38, 23) 36 163) 209 0551
Pl-based cART =PI+ INSTI-based cART (n =61, 38, 23) 6(10) 38 3(13) 0.664
Other ART changes* (n = 115, 66, 49) 8(7) 58 36 0721
Final ART regimen (n = 113, 64, 49)
Zidovudine monotherapy 00 00 0(0) 1.000
Pl-based cART 51.43) 33(52) 1867 0.116
NNRTI-based cART 46 (41) 26(41) 20 (41) 0.984
INSTI-based cART 98 1@ 8(16) 0010
PI+ INSTI-based cART 76 46 36 1.000
CD4 count closest to delivery, cells/mm?® (1 = 114, 66, 48) 505 (393-660) 455 (350-668) 535 (428-645) 0435
Time of diagnosis
Before pregnancy (n = 90,47, 43) 535 (420-685) 500 (400-700) 540 (470-665) 0.594
During pregnancy or postpartum (= 22, 17, 5) 445 (293-560) 450 (290-560) 340 (300-420) 0369
Initiation of treatment
Before pregnancy (=76, 36, 40) 535 (410-663) 530 (373-705) 535 (460-645) 0743
During pregnancy or postpartum (n = 37, 29, §) 450 (350-660) 450 (350-660) 495 (338-650) 0835
Viral load <50 copies/mL closest to delivery (1 = 116, 67, 49) 104 (90) 58(87) 46(94) 0235
ime of diagnosis
Before pregnancy (n =91, 47, 46) 82 (90) 41(87) 41(89) 0777
During pregnancy (n =23, 18, 5) 20 (87) 15(83) 5(100) 1.000
Initiation of treatment
Before pregnancy (n =77, 36, 41) 70 (91) 32(89) 38(93) 0.699
During pregnancy (n = 37, 29, 8) 33 (89) 25(36) $(100) 0557
Viral load > 50 copies/mL closest to delivery (n = 116, 67, 49) 12(10) 9(13) 36 0235
Viral load closest to delivery, copies/mL (n = 12,9, 3) 114 (52-1,100) 100 (52-3,140) 220 (135-1,063) 0.840

ART, antiretroviral therapy; cART, combination antiretroviral therapy (triple drug therapy); PI, protease inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside
reverse transcriptase inhibitor; IN¢ itegrase strand transfer inhibitor.

Sample sizes for each period are given as (1 = 2008-19, 200813, and 2014-19).

®Values are given as number (percentage) or median (interquartile range).

“Two patients switched treatment twice, hence the total number of reasons for treatment change is greater than the number of pa
Values for “n” indicate number of patients who started treatment on the specified regimen.

“Including stopping, adding, or switching drugs with no change
fP-value for comparison between 2008-2013 and 2014-2019.

s who changed.

the regimen type.
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