Caesarean section trends among 48 688 women living with and without HIV in Brazil: a cohort study 
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ABSTRACT

Objective: To evaluate cesarean section (CS) rates in women with and without HIV and frequency of mother-to-child HIV transmission.
Design: Retrospective cohort study.
Setting: Tertiary hospital in south Brazil, epicenter of the country’s HIV epidemic. 
Population or Sample: Women-infant pairs delivering at one institution between 1/1/2008 to 12/31/2018 
Methods: Data was extracted from hospital records CS frequencies were compared using Pearson’s chi-squared test. CS predictors were evaluated by multivariate log-linear Poisson regression using a generalized estimating equations approach. HIV viral suppression (VS) was defined as virus load (VL) of <1000 copies/ml at delivery. HIV MTCT was determined according to national guidelines. 
Main Outcome Measures: C-section, HIV mother-to-child transmission (MTCT). 
Results: Over 11 years, 48,688 pregnancies occurred in 40,375 women; HIV seroprevalence was 2.7%; 18,886 (38.8%) CS were performed; 47.7% of WLH and 38.6% of  women without HIV (WWOH) had CS,  p<0.001. Although HIV was a risk factor for CS (aRR: 1.17 [1.05-1.29]), WLH with VS achieved similar CS rates (36.7%) as WWOH (39.8%) by 2018. CS in WLH with unknown VL at delivery (42.6%) did not increase over time. HIV MTCT rate was 2.2%,   highest in WLH with unknown VL (8.4%) versus WLH without VS (4.1%) and WLH with VS (0.5%; p<0.001). 
Conclusion: In the HIV epicenter of Brazil, WLH with VS had less surgical deliveries, likely due to potent combination antiretroviral use. Nearly half of WLH with unknown VL, did not undergo CS, a potential missed opportunity for HIV PMTCT.
Funding: NIH/ NIMH R25 MH08722. 
Keywords: C-section; Mother-to-child transmission 
Tweetable Abstract: C-section (CS) rates in women with and without HIV became similar in Brazil; however those with unknown viral loads at delivery do not often undergo CS.  



INTRODUCTION
Mother-to-child transmission (MTCT) is the leading cause of global pediatric HIV.1 Elective caesarean section (CS), once the primary intervention to prevent MTCT in women living with HIV (WLH), reduces vertical transmission to 2% in women not on potent combination antiretrovirals (cART).2-4 Currently, viral suppression (VS) with antiretroviral therapy is the main mode of minimizing vertical transmission risk, which is  < 1 % with vaginal delivery.5-9 However, maternal cART may not be readily available in resource constrained settings. Additionally, there are regions of the world with low maternal antiretroviral coverage despite access to medications and diagnosis of HIV late in pregnancy. In these situations, elective CS at 38 weeks of gestation is the main intervention to prevent HIV MTCT and is recommended for WLH with non-suppressed viral loads (>1,000 copies/mL) or unknown viral loads (VL) at delivery.10, 11 The primary objective of this study was to describe temporal trends and predictors of CS among women with and without HIV in a cohort of more than 48,000 deliveries at a tertiary hospital with a high regional HIV prevalence. We subsequently conducted a secondary analysis to evaluate trends of MTCT and identify existing barriers to eliminating HIV vertical transmission in this cohort.  
Brazil is a high middle income country with a successful HIV/AIDS program.12-14 Antiretroviral therapy for pregnant women has been mandated by law since 1996. Porto Alegre, a metropolitan city in southern Brazil, has been the epicenter of the maternal HIV epidemic15 with a seroprevalence of  20.2/1000 births, seven times the national average.15, 16 Previous studies demonstrated that pregnant women in Porto Alegre are highly susceptible to HIV acquisition and prone to having undiagnosed, unsuppressed viremia at delivery.17-20 HIV subtype C, uniquely predominant in this region of the country, may also be particularly adapted to mother-to-child transmission, synergistic with sexual routes.21, 22 Few studies have assessed the role of CS after the introduction of potent cART for prevention of MTCT (PMTCT). The regional context of Porto Alegre provides a unique case study where cost barriers have been eliminated and CS guidelines are adhered to as part of a national perinatal HIV program. Thus, the findings of this study in Brazil may be generalizable to PMTCT programs in areas of the world with access to HIV care but with low rates of maternal antiretroviral coverage due to cultural or contextual factors, which likely present the last existing barrier to global elimination of MTCT. 
  
METHODS
We conducted a retrospective cohort study using institutional hospital records and a national epidemiologic surveillance database for all women who delivered from January 1, 2008, to December 31, 2018 at a tertiary-level hospital and referral institution for HIV care in Porto Alegre. Data which is regularly extracted from medical records for government epidemiologic surveillance purposes include sociodemographic factors (e.g., age, race/ethnicity, geographic region of residence), obstetric history (e.g., gravidity), mode of delivery (e.g., CS), twin gestation, gestational age, birthweight, stillbirth, and syphilis co-infection during pregnancy. All women who delivered at this institution during the study period were tested by HIV rapid tests [distributed and certified by the Brazilian universal healthcare system, Sistema Único de Saúde (Single Unified Health System, also known as SUS)].23 Positive rapid test results were confirmed by HIV antibody enzyme-linked immunosorbent assays (ELISA) or immunoblot for HIV-1 antigens (p24, gp41, gp120, gp160) and HIV-2 antigen gp36. For the CS analysis, we excluded women who: (1) were not tested for HIV; (2) had early pregnancy loss or miscarriage (defined as gestational age < 20 weeks or birth weight <500g); (3) had home vaginal births (Figure 1). 
For WLH, HIV-specific parameters were abstracted from medical records including CD4 count at delivery, date of viral load (VL) collection, and VL during pregnancy and closest to/ before the date of delivery. VL collected on the day of delivery were included and VL collected any day after delivery was not included in the analysis. National perinatal guidelines were followed for determination of HIV infant infection. Infants were considered to have confirmed perinatal HIV infection if they had any two detectable viral loads at any two time points during the first year of life. Infants were considered negative if they had persistently undetectable VL beyond > 3 months of life and/ or a negative HIV standard ELISA antibody assay as of 15 months of age. In Brazil, breastfeeding is contraindicated for WLH, and breast milk substitute is provided free of cost. In order to address possible bias for not capturing the WLH most at risk and who do not have regular, continuous prenatal care at the same institution, we used a national laboratory database known as SISCEL (Sistema de Control de Exames Laboratoriais), which tracks CD4 counts and HIV VL information for all persons living with HIV in Brazil, to cross-validate HIV parameters for the mother-infant dyads in our cohort. The use of this national surveillance system allowed us to retrieve viral load information for women who delivered at the local institution but did not receive prenatal care at this institution, but had a viral load collected elsewhere prior to delivery at another facility in the SUS healthcare network, as well as infant VL results for early diagnosis. Maternal VL which could not be abstracted through either hospital records or SISCEL were considered unknown; infants with inaccessible viral load results for HIV diagnosis were considered lost to follow-up.   
The primary outcome of the study was CS and the secondary outcome was HIV MTCT. Maternal VL at delivery was stratified into three categories: 1) Viral Suppression (VS), <1,000 copies/mL, 2) Viral Non-Suppression (VNS), >1,000 copies/mL and 3) Unknown VL. Days between VL collection and date of delivery were stratified into 30-day intervals: within 30 days, 30-60 days, 60-90 or >90 days before delivery. Infant HIV diagnosis was classified as: Confirmed HIV positive, HIV negative, or lost to follow-up. Age was defined as: <18 years of age, 18-24 years, 25-34 years, >35 years. Geographic region was defined as urban, greater metropolitan region, and rural region/outskirts according to publicly available information published by the Porto Alegre City Council. Previous CS was classified as any women having a CS prior during the period analyzed from 2008-2018; CS before 2008 were not recorded in our database. Gestational age was categorized into preterm (<37 weeks of gestation), term (37 0/7 to 41 6/7 weeks) and post-term (>42 weeks). Birthweight was defined as: low (<2500g), normal (2500-4000g) and high (>4000g). Race/ethnicity was categorized according to hospital records: White, Black, Multiracial (Mixed Black/White/Native or Indigenous), Asian, and Native/ Indigenous. Our analysis of race should be interpreted within an antiracist framework, particularly with the understanding of race as a social construct and not a biologic marker24, 25, as well as an awareness of the Brazilian context where maternal morbidity and mortality among cisgender Black Brazilian women are disproportionately high.26-28 
 	For the statistical analysis, the sample size of our study of 48,688 deliveries (1,351 deliveries from WLH and 47,317 deliveries from WWOH) allowed us to detect a difference of at least 9% in CS rates between WLH and WWOH with close to 100% power. For the CS analysis, Pearson chi-squared tests were used to calculate differences in distribution of categorical variables between subpopulation groups (e.g., WLH vs. WWOH) including CS and MTCT rates, sociodemographic characteristics, and obstetric factors. Median ages with interquartile ranges between WLH and WWOH were calculated using the Mann-Whitney U test. Predictors of CS were evaluated with robust univariate and multivariate log-linear Poisson regression model using a generalized estimating equations (GEE) approach with HIV diagnosis as the main regressor. Given that the same woman had multiple gestations within the final dataset used for analysis, GEE is appropriate to account for lack of independence (correlations between observations within a subject).29 Univariate analysis was conducted between each variable and the categorical  outcome and relative risks (RR) with 95% confidence intervals (CI) and p-values were calculated. Variables which demonstrated statistical significance (p<0.05) in the bivariate analysis were then selected to be co-variates in the multivariate model. For the MTCT analysis, stillbirths, fetal death after birth, and infants lost to follow-up were excluded from the analysis. Given the small number of vertical transmission events as the secondary outcome, multivariate regression was not an option to assess risk factors. All analyses were conducted in STATA Version 17.0 (StataCorp LLC, College Station, TX) and all tests of statistical significance used a 2-sided  <0.05. This study was approved by the local institutional review board.

RESULTS
During the 11-year study period, a total of 48,688 deliveries by 40,291 women were included in the analysis. A total of 1,351 deliveries occurred in 1,089 WLH and 47,317 deliveries occurred in 39,286 WWOH; the seroprevalence of WLH was 2.7% (Figure 1). Sociodemographic and obstetric characteristics between WLH and WWOH are shown in Table S1. WLH were older than WWOH and 66.6% of WLH were > 25 years old compared to 53.2% in WWOH (p<0.001). Less WLH (3.8%) lived in rural areas than WWOH (5.3%; p<0.037). In terms of race/ethnicity, more WLH were non-White (Black or Multiracial; 41.2%) than WWOH (27.4%; p<0.001). Evaluating adverse maternal and fetal outcomes, WLH had higher rates of preterm birth (17.7% vs. 12.6%, p<0.001), low birth weight infants (23.1% vs. 12.9%; p<0.001) and stillbirth (2.1% vs. 1.1%, p=0.001). When WLH were stratified by viral load status before delivery, the rates of preterm birth were higher in WLH with VNS (23.3%) or unknown VL (20.3%) as compared to VS WLH (15.5%; p<0.001). The rate of co-infection with syphilis during pregnancy was almost four times higher in WLH than WWOH (12.5% vs. 3.4%, p<0.001). Repeat CS and twin gestations did not differ between WLH and WWOH.
CS trends from 2008-2018 among WWOH and WLH with varying viremic profiles are shown in Figure 2, Panel 2A. Overall, 18,886 CS were performed (38.8%). WLH had more C-sections (n=644, 47.7%) than WWOH (n=18,242, 38.6%; p<0.001) in general. Differences of >10% occurred in: 2008, 2016, and 2014. Among WLH, 890 (66.0%) achieved VS while 245 (18.1%) were VNS and 216 (16.0%) had unknown VL at the time of delivery. In the span of 11 years, more WLH became VS (58.6% in 2008 to 84.0% in 2018) and less WLH had unknown VL by delivery (26.7% in 2008 to 6.4% in 2018) (Figure 2, Panel 2B). The proportion of WLH who were VNS did not change substantially from 2008-2016 and ranged from 14.9%-23.6%, followed by a steady decrease in both 2017 and 2018, down to 9.7%. When stratified by VL status, CS frequencies in the cohort of WLH with VS, VNS and unknown VL were 43.3%, 68.2%, 42.6%, respectively, compared with 38.6% in WWOH. Although there was more than a 10% difference in CS rates between VS WLH and WWOH in 2008, WLH with VS achieved comparable CS rates as WWOH eleven years later (Figure 2, Panel 2C). For VNS WLH, the CS rate ranged between 64.7%-84.6% in all years during the study period except for 2011-2013, where nearly half of VNS WLH did not undergo CS (Table S2). For WLH with unknown VL, CS rates of 50% or less were observed in all years except for 2008 and 2017 where the CS rates were 53.3% and 62.5% respectively. Differences in CS rates between VNS WLH and WLH with unknown VL persisted over time.
In the adjusted multivariate model of pregnant women regardless of HIV status, living with HIV (aRR: 1.17, 95% CI: 1.05-1.29), advanced maternal age (age >35) (aRR; 1.09, 95% CI: 1.03-1.15), previous CS (aRR: 8.13, 95% CI: 7.47-8.85), twin gestation (aRR: 1.15, 95%CI: 1.09-1.21), preterm birth (aRR: 1.14, 95% CI: 1.08-1.21), low birthweight (aRR: 1.16, 95% CI: 1.09-1.24) and high birthweight (aRR: 1.34, 95% CI: 1.24-1.44) were each independently associated with receiving a CS (Table S3). HIV-status restricted analyses with unadjusted and adjusted risk ratios comparing these sociodemographic and obstetric factors between WLH and WWOH in a subsequent multivariate model are shown in Table 1. In the analysis of WLH, co-variates which were selected to be included in this adjusted multivariate model included: region, previous CS, twin gestation, stillbirth, and virus load at delivery (Methods). Previous CS was associated with an 8-fold adjusted increased risk of CS in WWOH (aRR: 8.57, 95 % CI: 7.84-9.37) and 3-fold increased risk in WLH (aRR: 3.25, 95% CI: 2.48-4.27). In adjusted analyses, preterm birth was significantly associated with receiving CS in WWOH (aRR: 1.13, 95%CI: 1.07-1.20) but not in WLH; preterm birth was also not significant in the univariate analyses (RR: 1.12 95% CI: 0.98-1.29). When examining HIV viremia at delivery and CS in the multivariate analyses, inability to achieve VS by the time of delivery was a predictor for receiving a CS (aRR: 1.48, 95%CI: 1.16-1.89). Unknown VL at the time of delivery was not associated with receiving a CS (aRR; 0.98, 95%CI: 0.67-1.44). In a sub-analysis among the 1,135 WLH with known viral loads (either VNS or VS), no time period between viral load collection and delivery was associated with CS; however, viral load collection 30-60 days before delivery was not associated with receiving a CS in the univariate analysis (RR: 0.81, 95%CI: 0.69-0.94, p=0.007). 
Regarding HIV MTCT, the majority of live infants born to WLH (86.1%) had postnatal follow-up for HIV infection, but 181 infants (14.0%) were lost to follow-up (Figure 1). The overall MTCT rate among infants with diagnostic follow-up was 2.2% (Figure 3, Panel A). Trends in MTCT rates over the 11-year period and by VL status at time of delivery are shown in Figure 3, Panel B. The MTCT risk among WLH with unknown VL was greatly elevated (8.4%: 13/155 women) compared to VNS WLH (4.1%: 8/193 women) and VS WLH (0.5%: 4/760 women), p<0.001. Table 2 compares sociodemographic, obstetric and viremic characteristics between WLH with infant diagnostic follow-up with those lost to follow-up as well as those with and without HIV MTCT. The MTCT rate among WLH who delivered vaginally did not differ from WLH who received CS (2.4% vs. 2.1%, p=0.722). WLH with postnatal follow-up were older than those with lost to follow-up (p=0.037). More WLH with loss to follow-up had not achieved VS (22.1% vs. 17.2%) or had unknown VL at delivery (24.9% vs 14.0%) than WLH with postpartum follow-up (p<0.001). The majority of WLH where MTCT did not occur achieved VS at delivery (70.0%) whereas only 16.0% of WLH who transmitted HIV were VS (p<0.001). Among the 25 cases of vertical transmission, 84.0% of women (21/25 women) were either VNS (32.0%) or had unknown VL (52.0%) at delivery compared with 16.9% of WLH with VNS and 13.1% with unknown VL where MTCT did not occur (p<0.001). 

DISCUSSION
Main Findings
In the city with the highest prevalence of maternal HIV in Brazil, women with HIV who were virally suppressed by delivery initially underwent more CS in 2008 but were protected from excessive CS as time progressed; differences in CS usage with women without HIV equalized and became negligible by 2018. Surgical delivery rates were high but were suboptimal in women with unsuppressed viremia. Women with unknown viral loads at the time of delivery were the highest risk group for mother-to-child transmission but they did not undergo CS according to guidelines, representing a missed opportunity for PMTCT. Lastly, elimination of MTCT was achievable in our longitudinal cohort in a middle-income country with an increase in viral suppression among women with HIV, progressively decreasing CS utilization and steady decline in vertical transmission, leading to no transmission episodes in the last two years of our analysis.  

Strengths and Limitations
One strength of our study is its power and robust sample size of about 48,000 pregnancies including more than 1,300 deliveries from women with HIV. We also used national government surveillance information for mother-infant dyads, which is high-quality, comprehensive and captures women who were lost to care at our institution and sought care at any other hospital in Brazil. In terms of limitations, we were unable to retrieve information regarding indication for CS, which would have differentiated elective CS for HIV PMTCT from CS performed for obstetric reasons.30 Infant lost-to-follow-up may have led to potential underestimation of HIV transmission as women with unknown VL were more likely in this category. 

Interpretation  
In women uninfected with HIV delivering at this institution, CS rates were around 40%. If repeat C-sections are excluded, the overall CS rate ranges from 25%- 28%, approximating WHO CS targets and considerably lower than national rates of 45-56%. 12, 31, 32 Women with HIV constituted a particularly vulnerable group in comparison to women without HIV with higher rates of adverse pregnancy outcomes and syphilis co-infection. Nevertheless, pre-natal HIV care improved over time with almost all women screened for HIV and linked to care. 
CS does not prevent in utero viral transmission, which is associated with a high HIV viral burden throughout pregnancy33, but elective CS is particularly useful in preventing intrapartum transmission in women without virologic suppression by the time of delivery or with an unknown VL.2, 10, 11 In women with suppressed viremia, antiretroviral therapy alone suffices in reducing vertical transmission rates to less than 1% with  no added PMTCT benefit from  elective CS.34 This may explain the equilibration of CS rates between WLH with suppressed viremia and those uninfected with HIV by 2018, which coincided with the introduction of integrase strand inhibitor-based cART as preferred regimens for treatment of individuals with HIV. As these achieve rapid viral load decline, they are particularly useful in WLH presenting late in pregnancy.34-39 
The progressive decline in CS rates among virally suppressed WLH suggests that, as expected, CS has become obsolete as a preventative measure for vertical transmission in the setting of appropriate antiretroviral therapy. A study in the U.S. population in the era of highly active ART (prior to integrase strand inhibitors), found high CS rates among WLH despite advances in HIV therapeutics. CS in WLH did not mirror CS rates in women uninfected with HIV as it did in our study and MTCT rates were not reported.40 This suggests that current cART regimens, when made universal and free-of-charge, are effective in equalizing CS rates between WLH and WWOH. Our results underscore the efficacy of screening and treatment early in pregnancy to avoid HIV-indicated CS at delivery. The importance of these components in the antenatal HIV care cascade is evidenced by the steady decline in MTCT across the study period, despite declining CS rates, ultimately resulting in the elimination of MTCT in the last two years of our analysis. Our results are generalizable as these screening and treatment guidelines apply to most institutions in regions with high HIV prevalence among pregnant women and where antiretroviral therapy is readily available. 
CS were not used as often in WLH with unknown viral load at delivery, a missed opportunity for HIV PMTCT. Unknown VL at delivery did not increase the chance of WLH receiving a CS, despite its recommendation under national guidelines.41, 42 Although CS can be associated with adverse maternal and neonatal outcomes including hemorrhage, infection and iatrogenic prematurity,43-47 maternal morbidity is lower with elective CS compared to emergency CS or CS during active labor.48, 49 Likely many women with unknown VL or unknown HIV diagnosis presented in later stages of labor with ruptured amniotic membranes, a situation in which an elective CS would not be beneficial.11, 50 Unknown VL at delivery is likely a proxy for lack of awareness of HIV seropositivity by the patient and/or  provider, an issue in women presenting in labor with fragmented, incomplete prenatal care. These women are frequently lost to follow-up postpartum along with their infants and may represent a vulnerable population facing homelessness, mental health issues and/or substance use disorder where structural and social determinants of health impede linkage to care.
Currently, thirteen countries/territories have completely eliminated HIV MTCT.51 Antenatal care coverage >95% in WLH is a WHO goal towards HIV MTCT elimination.52, 53 Late presenting women with HIV constitute the ultimate challenge in curtailing vertical transmission worldwide. National programs should focus on this highly vulnerable, marginalized patient population, leveraging interventions to eliminate global MTCT, a goal achievable in the current decade.53 
 
CONCLUSION
In a country where CS rates are traditionally high, living with HIV originally increased CS risk. Over time, virologically suppressed WLH had less surgical deliveries, likely due to introduction of more effective antiretrovirals. HIV MTCT risk was highest in WLH with unknown viral load, but this group did not often benefit from CS for HIV PMTCT.
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Table 1. Factors associated with C-section among women living with HIV (WLH) and women without HIV (WWOH). VS: Viral Suppression, VNS: Viral Non-Suppression.

	
	WLH (n=1,351)
	WWOH (n=47,314)

	
	RR (95% CI)
	aRR (95% CI)
	p-value 
	RR (95% CI)
	aRR (95% CI)
	p-value 

	Age
	
	
	
	
	
	

	     <18 
	1.01 (0.76-1.35)
	
	
	0.85 (0.81-0.89)
	0.88 (0.75-1.03)
	

	    18-25 
	0.95 (0.85-1.07)
	
	
	1.22 (1.19- 1.25)
	1.17 (1.11-1.22)
	<0.001

	    25-34 
	Reference 
	
	
	Reference 
	Reference 
	

	    >35 
	0.93 (0.79-1.09)
	
	
	1.54 (1.50- 1.59)
	1.28 (1.20-1.36)
	<0.001

	Region
	
	
	
	
	
	

	    Urban 
	Reference
	Reference 
	
	Reference 
	Reference 
	

	    Greater metropolitan region 
	1.16 (1.02-1.30)
	1.01 (0.82-1.24)
	0.937
	1.17 (1.14-1.20)
	1.00 (0.96-1.05)
	0.910

	    Rural region/outskirts 
	1.27 (0.99-1.62)
	0.71 (0.31-1.60)
	0.407
	1.59 (1.53-1.65)
	0.94 (0.89-1.00)
	0.031

	Race
	
	
	
	
	
	

	     Black 
	0.99 (0.86-1.13)
	
	
	0.96 (0.93-0.99)
	1.05 (0.99-1.10)
	0.078

	     Multiracial 
	0.94 (0.78-1.13)
	
	
	0.95 (0.91-0.99)
	1.02 (0.96-1.08)
	0.531

	     White 
	Reference 
	
	
	Reference 
	Reference 
	

	Previous C-section  
	3.39 (2.59-4.43)
	3.25 (2.48-4.27)
	<0.001
	9.27 (8.50- 10.12)
	8.57 (7.84-9.37)
	<0.001

	Gravida 
	
	
	
	
	
	

	     Primigravid
	Reference 
	
	
	
	
	

	     Multigravid
	1.03 (0.89- 1.19)
	
	
	1.02 (1.00-1.04)
	
	

	Twin gestation 
	1.55 (1.22-1.97)
	1.49 (1.21-1.83)
	<0.001
	2.03 (1.95-2.12)
	 1.15 (1.09-1.21)
	<0.001

	Fetal sex
	
	
	
	
	
	

	     Male
	1.10 (0.99-1.22)
	
	
	1.04 (1.02-1.07)
	1.01 (0.97-1.05)
	0.761

	     Female
	0.91 (0.82-1.01)
	
	
	0.96 (0.94-0.98)
	0.99 (0.96-1.03)
	0.761

	Gestational age 
	
	
	
	
	
	

	   <37 weeks
	1.12 (0.98-1.29)
	
	
	1.37 (1.33-1.41)
	1.13 (1.07-1.20)
	<0.001

	   37-42 weeks
	Reference
	
	
	Reference 
	Reference 
	

	    >42 weeks 
	NA
	
	
	1.01 (0.81-1.27)
	1.14 (0.67-1.93)
	0.620

	Birth weight  
	
	
	
	
	
	

	     <2500g 
	0.94 (0.82-1.07)
	
	
	1.41 (1.37-1.45)
	1.17 (1.09-1.24)
	<0.001

	     2500-4000 g 
	Reference 
	
	
	Reference 
	Reference 
	

	    >4000g 
	1.21 (0.93-1.58)
	
	
	1.55 (1.51-1.60)
	1.33 (1.23-1.44)
	<0.001

	Stillbirth 
	0.26 (0.10-0.70)
	0.61 (0.10-3.66)
	0.589
	0.41 (0.34-0.51)
	0.67 (0.49-0.90)
	0.007

	Syphilis during pregnancy 
	0.88 (0.73-1.05) 
	
	
	0.87 (0.82-0.93)
	1.03 (0.93-1.15)
	0.575

	Viral load at delivery (copies/mL)
	
	
	
	
	
	

	      VS, <1000
	Reference 
	Reference 
	
	NA
	NA
	

	      VNS, > 1000 
	1.49 (1.32-1.69)
	1.48 (1.16-1.89)
	0.002
	NA
	NA
	

	      Unknown VL
	1.00 (0.86-1.17)NA: Not Applicable

	0.98 (0.67-1.44)
	0.909
	NA
	NA
	








Table 2.  Sociodemographic, obstetric and virus load (VL) characteristics of WLH based on follow-up for infant HIV diagnosis and mother-to-child transmission (MTCT) (n=1,299). 

	
	With follow-up for infant HIV diagnosis (n=1,118)
	Lost to follow-up for infant HIV diagnosis (n=181) 
	p-value
	With MTCT (n=25) *
	Without MTCT (n=1,093) *
	p-value

	Median age at delivery 
	28 (23, 33)
	26 (22, 31)
	0.026
	26 (23, 30)
	28 (23, 33)
	0.225

	
	n (%)
	n (%)
	
	 n (%)
	 n (%)
	

	Age at delivery 
	
	
	0.037
	
	
	0.120

	      <18
	42 (3.8)
	5 (2.8)
	
	3 (12.0)
	39 (3.6)
	

	      18-24
	330 (29.5)
	63 (34.8)
	
	7 (28.0)
	323 (29.6)
	

	      25-34
	559 (50.0)
	97 (53.6)
	
	13 (52.0)
	546 (50.0)
	

	      >35
	187 (16.7)
	16 (8.8)
	
	2 (8.0)
	185 (16.8)
	

	Geographic region 
	
	
	0.078
	
	
	0.375

	     Urban
	764 (68.3)
	113 (62.4)
	
	20 (80.0)
	744 (68.1)
	

	     Greater metropolitan region
	319 (28.6)
	57 (31.5)
	
	5 (20.0)
	314 (28.7)
	

	     Rural region/outskirts
	35 (3.1) 
	11 (6.1)
	
	0
	35 (3.2)
	

	Race/ethnicity 
	
	
	0.743
	
	
	0.092

	     Black 
	303 (27.1)
	49 (27.1)
	
	 11 (44.0)
	292 (26.7)
	

	     Multiracial 
	159 (14.2)
	22 (12.1)
	
	1 (4.0)
	158 (14.5)
	

	     White 
	656 (58.7)
	110 (60.8)
	
	13 (52.0)
	643 (58.8)
	

	Viral load at delivery (copies/mL)
	
	
	<0.001
	
	
	<0.001

	      VS, <1000
	769 (68.8)
	96 (53.0)
	
	4 (16.0)
	765 (70.0)
	

	      VNS, > 1000 
	193 (17.2)
	40 (22.1)
	
	8 (32.0)
	185 (16.9)
	

	      Unknown VL
	156 (14.0)
	45 (24.9)
	
	13 (52.0)
	143 (13.1)
	

	Mode of delivery 
	
	
	0.809
	
	
	0.722

	     Vaginal delivery
	576 (51.5)
	95 (52.5)
	
	12 (48.0)
	564 (51.6)
	

	     C-section 
	542 (48.5)
	86 (47.5)
	
	13 (52.0)
	529 (48.4)
	

	Gravida 
	
	
	0.186
	
	
	0.837

	      Primigravid
	206 (18.4)
	26 (14.4)
	
	5 (20.0)
	201 (18.4)
	

	      Multigravid 
	912 (81.6)
	155 (85.6)
	
	20 (80.0)
	892 (81.6)
	

	Fetal sex
	
	
	0.292
	
	
	0.547

	      Male
	603 (53.9)
	90 (49.7)
	
	12 (48.0)
	591 (54.1)
	

	      Female
	515 (46.1)
	91 (50.3)
	
	13 (52.0)
	502 (45.9)
	

	Gestational age at delivery 
	
	
	0.279
	
	
	0.346

	      <37 weeks
	163 (14.6)
	32 (17.7)
	
	2 (8.0)
	161 (14.7)
	

	      37-41weeks
	955 (85.4)
	149 (82.3)
	
	23 (92.0)
	932 (85.3)
	

	Syphilis during pregnancy  *Includes only patients with follow-up for infant HIV diagnosis (n=1,118)

	136 (12.2)
	21 (11.6)
	0.9
	5 (20.0)
	131 (12.0)
	0.475


































Table S1. Sociodemographic and obstetric characteristics of deliveries by WLH and WWOH (n=48,668).
	
	WLH (n=1,351)
	WWOH (n=47,317)
	p-value 

	Median age at delivery (interquartile range) 
	28 (23, 33)
	25 (21, 31)
	<0.001

	
	 n (%)
	 n (%)
	

	Age at delivery (n=48,665) 
	
	
	<0.001

	      <18
	48 (3.6)
	4,229 (8.9)
	

	      18-24
	402 (29.8)
	17,914 (37.9)
	

	      25-34
	686 (50.7)
	19,027 (40.2)
	

	      >35
	215 (15.9)
	6,144 (13.0)
	

	Geographic region 
	
	
	0.037

	     Urban
	908 (67.2)
	30,891 (65.3)
	

	     Greater metropolitan region
	392 (29.0)
	13,291 (29.4)
	

	     Rural/outskirts
	51 (3.8)
	2,505 (5.3)
	

	Race/ethnicity (n=48,627)
	
	
	<0.001

	     Asian 
	0 
	18 (0.0)
	

	     Black 
	 370 (27.4)
	7,925 (16.8)
	

	     Indigenous 
	0
	7 (0.0)
	

	     Multiracial 
	187 (13.8)
	4,993 (10.6)
	

	     White 
	794 (58.8)
	34,358 (72.6)
	

	Previous C-section (n=8,377)
	133 (38.6)
	2,747 (34.2)
	0.096

	Gravida
	
	
	<0.001

	      Primigravid
	238 (17.6)
	17,520 (37.0)
	

	      Multigravid 
	1,113 (82.4)
	29,797 (63.0)
	

	Twin gestation 
	49 (3.6)
	1,862 (3.9)
	0.565

	Fetal sex
	
	
	0.123

	      Male
	720 (53.3)
	24,200 (51.2)
	

	      Female
	631 (46.7)
	23,093 (48.8)
	

	Gestational age at delivery 
	
	
	<0.001

	      <37 weeks
	239 (17.7)
	5,968 (12.6)
	

	      37-41weeks
	1,112 (82.3)
	41,247 (87.2)
	

	      ≥42 weeks
	0 (0.0)
	102 (0.2)
	

	Birth weight (grams) (n=48,666)
	
	
	<0.001

	      <2500 g
	312 (23.1)
	6,080 (12.9)
	

	      2500-4000 g
	1,003 (74.3)
	38,180 (80.7)
	

	      ≥4000 g
	35 (2.6)
	3,056 (6.4)
	

	Stillbirths 
	28 (2.1)
	513 (1.1)
	0.001

	Syphilis during pregnancy (n=48,617)
	169 (12.5)
	1,587 (3.4)
	<0.001




Table S2. CS rates between WLH with VS, without VNS, unknown VL and WWOH stratified by year of delivery (n=18,886). 

	
	Women who received C-sections (n=18,886)

	
	VNS WLH, >1,000 copies/mL (n=167)
	WLH with unknown VL (n=92)
	VS WLH, <1,000 copies/mL (n=385)
	WWOH (n=18,242)

	Year of delivery
	n (% CS/ year)*
	n (%)
	n (%)
	n (%)

	2008
	13 (76.5)
	16 (53.3)
	31 (46.3)
	1,717 (33.8)

	2009
	22 (66.7)
	12 (38.7)
	32 (42.1)
	1,824 (38.0)

	2010
	18 (72.0)
	14 (48.3)
	26 (40.0)
	1,858 (38.6)

	2011
	17 (58.6)
	12 (37.5)
	33 (44.6)
	1,885 (40.6)

	2012
	16 (59.3)
	10 (34.5)
	44 (45.8)
	1,873 (40.8)

	2013
	13 (56.5)
	9 (50.0)
	31 (35.6)
	1,638 (37.1)

	2014
	24 (82.8)
	7 (50.0)
	32 (39.0)
	1,589 (37.8)

	2015
	15 (65.2)
	2 (16.7)
	44 (42.3)
	1,679 (38.6)

	2016
	11 (64.7)
	4 (50.0)
	50 (57.5)
	1,421 (39.9)

	2017
	11 (84.6)
	5 (62.5)
	33 (45.2)
	1,314 (40.6)

	2018
	7 (77.8)
	1 (20.0)
	29 (36.7)
	1,444 (39.8)



*N (%) is shown has number of women who received CS in each given year in each category (n) and the percentage of women in that category who received CS that year (%).


Table S3. Factors associated with C-section in all women regardless of HIV status (n=48,668).

	
	RR (95% CI)
	p-value 
	aRR (95% CI)
	p-value 

	Living with HIV 
	1.27 (1.19-1.34)
	<0.001
	1.17 (1.05-1.29)
	0.003

	Age
	
	
	
	

	     <18 
	0.70 (0.67-0.73)
	<0.001
	0.75 (0.64-0.88)
	<0.001

	    18-25 
	0.82 (0.80-0.84)
	<0.001
	0.86 (0.82-0.90) 
	<0.001

	    25-34 
	Reference 
	
	Reference 
	

	    >35 
	1.25 (1.22-1.28)
	<0.001
	1.09 (1.03-1.15)
	0.001

	Region
	
	
	
	

	    Urban 
	Reference 
	
	Reference 
	

	    Greater metropolitan region 
	1.16 (1.14-1.19)
	<0.001
	1.00 (0.96-1.05)
	0.920

	    Rural region/outskirts 
	1.58 (1.52-1.64)
	<0.001
	0.93 (0.88-0.99)
	0.022

	Race*
	
	
	
	

	     White 
	Reference 
	
	
	

	     Black 
	0.97 (0.94-1.00)
	0.050
	1.05 (0.99-1.10)
	0.079

	     Multiracial 
	0.95 (0.91-1.00)
	0.017
	1.02 (0.96-1.08)
	0.473

	Previous C-section  
	8.79 (8.09-9.55)
	<0.001
	8.13 (7.47-8.85)
	<0.001

	Gravida 
	
	
	
	

	     Primigravid
	Reference 
	
	Reference
	

	     Multigravid
	1.02 (1.00-1.04)
	<0.001
	0.99 (0.94-1.04)
	0.646

	Twin gestation 
	2.02 (1.94-2.10)
	<0.001
	1.15 (1.09-1.21)
	<0.001

	Fetal sex
	
	
	
	

	     Male
	1.05 (1.03-1.07)
	<0.001
	1.01 (0.97-1.05)
	0.539

	     Female
	0.95 (0.94-0.97)
	<0.001
	0.99 (0.95-1.02)
	0.539

	Gestational age 
	
	
	
	

	   <37 weeks
	1.36 (1.32-1.40)
	<0.001
	1.14 (1.08-1.21)
	<0.001

	   37-42 weeks
	Reference
	
	Reference 
	

	    >42 weeks 
	1.00 (0.80-1.25)
	0.993
	1.14 (0.67-1.92)
	0.633

	Birth weight  
	
	
	
	

	     <2500g 
	1.39 (1.36-1.43)
	<0.001
	1.16 (1.09-1.24)
	<0.001

	     2500-4000 g 
	Reference 
	
	Reference 
	

	    >4000g 
	1.55 (1.50-1.59)
	<0.001
	1.34 (1.24-1.44)
	<0.001

	Stillbirth 
	0.40 (0.33-0.49)
	<0.001
	0.68 (0.51-0.90)
	0.007

	Syphilis during pregnancy 
	0.88 (0.83-0.94)
	<0.001
	1.02 (0.92-1.13)
	0.696


*The log-linear Poisson regression did not converge when the other race/ethnicity categories (e.g., Asian, Native, or Indigenous) were included in the multivariate analysis. 

