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Abstract

BACKGROUND—The use of azithromycin reduces maternal infection in women during 

unplanned cesarean delivery, but its effect on those with planned vaginal delivery is unknown. 

Data are needed on whether an intrapartum oral dose of azithromycin would reduce maternal and 

offspring sepsis or death.

METHODS—In this multicountry, placebo-controlled, randomized trial, we assigned women who 

were in labor at 28 weeks’ gestation or more and who were planning a vaginal delivery to receive 

a single 2-g oral dose of azithromycin or placebo. The two primary outcomes were a composite 

of maternal sepsis or death and a composite of stillbirth or neonatal death or sepsis. During an 

interim analysis, the data and safety monitoring committee recommended stopping the trial for 

maternal benefit.

RESULTS—A total of 29,278 women underwent randomization. The incidence of maternal 

sepsis or death was lower in the azithromycin group than in the placebo group (1.6% vs. 2.4%), 

with a relative risk of 0.67 (95% confidence interval [CI], 0.56 to 0.79; P<0.001), but the incidence 

of stillbirth or neonatal death or sepsis was similar (10.5% vs. 10.3%), with a relative risk of 

1.02 (95% CI, 0.95 to 1.09; P= 0.56). The difference in the maternal primary outcome appeared 

to be driven mainly by the incidence of sepsis (1.5% in the azithromycin group and 2.3% in the 

placebo group), with a relative risk of 0.65 (95% CI, 0.55 to 0.77); the incidence of death from 

any cause was 0.1% in the two groups (relative risk, 1.23; 95% CI, 0.51 to 2.97). Neonatal sepsis 

occurred in 9.8% and 9.6% of the infants, respectively (relative risk, 1.03; 95% CI, 0.96 to 1.10). 

The incidence of stillbirth was 0.4% in the two groups (relative risk, 1.06; 95% CI, 0.74 to 1.53); 

neonatal death within 4 weeks after birth occurred in 1.5% in both groups (relative risk, 1.03; 95% 

CI, 0.86 to 1.24). Azithromycin was not associated with a higher incidence in adverse events.
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CONCLUSIONS—Among women planning a vaginal delivery, a single oral dose of 

azithromycin resulted in a significantly lower risk of maternal sepsis or death than placebo but 

had little effect on newborn sepsis or death. (Funded by the Eunice Kennedy Shriver National 

Institute of Child Health and Human Development and others; A-PLUS ClinicalTrials.gov 

number, NCT03871491.)

MATERNAL INFECTIONS, pARTICULARLY sepsis, during the peripartum period account for 10% 

of maternal deaths and are among the top three causes of maternal death worldwide.1 The 

proportion of deaths that are caused by infection has increased over time, whereas deaths 

from causes such as hemorrhage and preeclampsia have remained stable or decreased.1 

Neonatal sepsis, accounting for 16% of neonatal deaths, is the third most common cause of 

neonatal death.2 Furthermore, maternal infection increases the risk of neonatal sepsis.1,2

The World Health Organization (WHO) and others have prioritized the reduction of maternal 

sepsis to decrease the risk of maternal death.3 Such efforts have included the evaluation of 

the use of prophylactic antibiotics in women who are giving birth.1 In a randomized trial 

of adjunctive intravenous azithromycin prophylaxis for cesarean delivery performed during 

labor, investigators found a 50% lower incidence of maternal infection in the azithromycin 

group than in the placebo group, as well as lower costs.4,5 As a result, adjunctive 

azithromycin prophylaxis is now recommended in the United States and elsewhere for 

women undergoing cesarean delivery during labor.6 In another trial, a single intrapartum oral 

dose of 2 g of azithromycin reduced maternal and neonatal infection in women who were 

planning a vaginal delivery in Gambia.7

We performed the Azithromycin Prevention in Labor Use Study (A-PLUS) to test the two 

primary hypotheses that a single oral dose of azithromycin in women in labor who were 

planning a vaginal delivery would reduce maternal sepsis or death along with stillbirth or 

neonatal death or sepsis.

METHODS

TRIAL DESIGN AND OVERSIGHT

This multicountry, double-blind, placebo-controlled, randomized trial was conducted at eight 

sites in seven low- or middle-income countries of the Global Network for Women’s and 

Children’s Health Research of the Eunice Kennedy Shriver National Institute of Child 

Health and Human Development (NICHD). The institutional review board at each site and 

partner U.S. institution and the data coordinating center approved the protocol (available 

with the full text of this article at NEJM.org). A steering committee (including an NICHD 

program scientist) and an NICHD-appointed independent data and safety monitoring 

committee provided oversight. The first three authors plus the penultimate and next-to-

penultimate authors vouch for the accuracy and completeness of the data and for the fidelity 

of the trial to the protocol.

TARGET POPULATION AND ENTRY CRITERIA

Pregnant women who had been admitted to health facilities for spontaneous or induced 

vaginal delivery were eligible. We included women with singleton and multiple gestations 
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of at least 28 weeks who provided written informed consent. We excluded women with 

infection warranting the use of antibiotics, arrhythmia or known cardiomyopathy, allergy 

to azithromycin or other macrolide antibiotics or their use within 3 days, planned cesarean 

delivery before randomization, advanced stage of labor, and any medical condition that was 

considered to be a contraindication by the site investigator. Advanced labor was defined as 

complete cervical dilation or dilation of more than 6 cm. Details are provided in Table S1 in 

the Supplementary Appendix, available at NEJM.org.

INTERVENTIONS, MASKING, AND RANDOMIZATION

The intervention was a single 2-g oral dose of azithromycin or identical placebo. An 

independent drug distributor packaged the azithromycin and placebo. Each dose consisted 

of four pills of 500 mg of azithromycin or placebo and were labeled with a unique package 

identifier. Clinicians, research staff members, and patients were unaware of trial-group 

assignments. Trial packs of azithromycin and identical placebo were numbered sequentially 

with the use of a computer algorithm, which used a predetermined 1:1 randomization 

schedule for azithromycin and placebo, stratified according to site, and a permuted-block 

randomization with varied block sizes.

Research staff members administered the intervention pack and observed pill intake. All 

other procedures, including antibiotic use, followed standard practices.

OUTCOMES

The two primary outcomes were a composite of maternal sepsis or death within 6 weeks 

after delivery and a composite of stillbirth or neonatal death or sepsis within 4 weeks. 

Maternal sepsis was defined according to WHO criteria as suspected or confirmed infection 

including fever (>100.4°F or 38°C) or hypothermia (<96.8°F or 36°C) plus one or more 

signs of organ dysfunction: tachycardia (≥120 beats per minute), low systolic blood pressure 

(<90 mm Hg), tachypnea (>24 breaths per minute), altered mental status or confusion, 

reduced urinary output (<500 ml over 24 hours), jaundice, or renal failure (creatinine level, 

>1.2 mg per deciliter).8–10 Neonatal sepsis was defined as a proven or possible serious 

bacterial infection on the basis of the following WHO criteria: severe chest in-drawing, fever 

(≥100.4°F or 38.0°C), hypothermia (<95.9°F or 35.5°C), no movement or movement only on 

stimulation, poor or no feeding, convulsions, pneumonia, or meningitis.11

Secondary maternal outcomes were the components of the primary outcome; specific 

infections, including chorioamnionitis, endometritis, wound infections, abdominal or pelvic 

abscess, mastitis or breast abscess, pneumonia, or pyelonephritis; and therapeutic use of 

antibiotics, duration of hospital stay, readmission, admission to a special care unit, and 

unscheduled health care visits. Key secondary neonatal outcomes were the components of 

the primary outcome, other infections, the duration of hospital stay, readmission, admission 

to a special care unit, unscheduled health care visits, and safety outcomes. We examined 

the results of bacterial growth and antimicrobial resistance from clinical cultures, including 

blood samples. Safety outcomes were reported as maternal or neonatal adverse events, 

including medication side effects (nausea, vomiting, and diarrhea) and allergy (anaphylaxis, 
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liver failure, arrhythmias, and infant pyloric stenosis). Details regarding the definitions for 

secondary outcomes are provided in Table S2.

PROCEDURES

We implemented guidelines for monitoring patients’ temperatures (Table S3). All the 

patients were educated about signs and symptoms of infection and instructed to call the 

research team or go to the health facility or health care provider with any issues. Trained 

research staff members collected data from medical records or directly from the patients. 

Outcomes were identified before discharge; during visits at postpartum days 3, 7, and 42; 

during visits or telephone contacts at postpartum days 14 and 28; and as part of record 

review for any health care visits through day 42. Centralized, masked adjudication of 

primary and key secondary outcomes by the first two authors supplemented ascertainment.

STATISTICAL ANALYSIS

We estimated that a sample size of 34,000 patients would provide the trial with more than 

90% power to detect a relative difference of 20% between the azithromycin group and the 

placebo group in the maternal primary outcome on the basis of a baseline incidence of 3% 

across sites, assuming a two-sided alpha level of 0.05 and a loss to follow-up of 2 to 3%. 

The trial was also designed to ensure more than 90% power to detect a relative difference 

of at least 25% in the neonatal primary outcome on the basis of an incidence of at least 

8% at baseline at a two-sided alpha level of 0.05 overall and separately for the African and 

Asian sites. We also determined that a sample size of 5500 women at high risk for infection 

would provide a power of at least 80% to detect a relative risk difference of 30 to 35% in the 

maternal primary outcome, assuming a baseline risk of 5 to 6% and a loss to follow-up of 2 

to 3%. (At the time of randomization, high risk was defined as a labor duration of ≥18 hours, 

the rupture of membranes ≥8 hours before randomization, or both.)

The primary analyses were performed in the intention-to-treat population. We compared 

the primary outcomes in the two groups using generalized linear models after adjustment 

for trial site with imputation for missing variables to estimate the relative risks and 

95% confidence intervals. Models for neonatal outcomes accounted for correlation among 

multiple births. We calculated P values to test each of the primary hypotheses at an alpha 

level of 0.05 overall, with a nominal alpha level of 0.0001 at the interim analysis. We also 

assessed primary outcomes post hoc using a P value of less than 0.025 to account for the 

two primary outcomes. Secondary analyses of the primary outcomes included subgroup 

analyses according to region (Africa or Asia) and the presence or absence of a high 

risk of infection. We performed additional prespecified subgroup analyses of the primary 

outcomes according to the prophylactic use of any antibiotic during labor and delivery 

mode (cesarean or vaginal) and post hoc analyses that examined additional potential effect 

modifiers, including gestational age and type of labor. Exploratory analyses included an 

alternative definition of being at high risk for infection as assessed before delivery rather 

than at randomization. Secondary maternal and neonatal outcomes were analyzed in the 

intention-to-treat population with corresponding relative risk or mean difference and 95% 

confidence intervals.
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With oversight from the data and safety monitoring committee, we performed one planned 

interim analysis of efficacy and futility for both primary outcomes. We determined cutoff P 

values for testing for efficacy using a Bonferroni-type correction for multiple comparisons 

to ensure an overall alpha level of 0.05, which was controlled with a nominal alpha level 

of 0.0001 for each outcome at the interim analysis and a 0.0499 level for the final analysis. 

Futility assessment was based on an analysis of conditional power. The data and safety 

monitoring committee could recommend stopping for efficacy only on two conditions: if 

the results for both primary outcomes were significant in all patients and the direction and 

magnitude of effect in subgroups (risk or region) were consistent or if efficacy was observed 

in one outcome or subgroup and there was no conditional power to draw conclusions in 

the other outcome or subgroup. After the interim analysis in which both primary outcomes 

had been evaluated in approximately 70% of the patients, the data and safety monitoring 

committee recommended stopping the trial because of maternal benefit.

RESULTS

PATIENTS

From September 9, 2020, through August 18, 2022, a total of 44,078 women underwent 

screening and 29,278 underwent randomization: 14,590 women (with 14,687 neonates or 

stillbirths) to the azithromycin group and 14,688 women (14,782 neonates or stillbirths) to 

the placebo group (Fig. 1). Advanced labor and planned cesarean delivery were the most 

common reasons for exclusion.

The characteristics of the two groups were similar at baseline (Table 1). The majority of 

patients (55%) were enrolled in Asia; at randomization, 18.4% had induced labor, and 8.6% 

were at high risk for infection.

The groups were also well balanced with respect to labor and delivery characteristics 

(incidence of cesarean delivery, receipt of prophylactic antibiotics, high-risk status at 

delivery, and the median time between randomization and delivery [3 hours]) (Table S4). 

The frequencies of prophylactic antibiotic use (mainly cephalosporins) and cesarean delivery 

varied according to site, with higher occurrences at non-African sites (Tables S5 and S6). 

Complete intake of azithromycin or placebo was high in both groups (>98%), and vomiting 

within 15 minutes after ingestion was rare (Table S7).

PRIMARY OUTCOMES

Maternal sepsis or death (the composite primary outcome) occurred in 227 of 14,526 

patients (1.6%) in the azithromycin group and in 344 of 14,637 (2.4%) in the placebo group 

(adjusted relative risk, 0.67; 95% confidence interval [CI], 0.56 to 0.79; P<0.001) (Table 2). 

This finding remained clearly significant according to the more conservative criterion of a P 

value of less than 0.025. Maternal sepsis occurred in 219 women (1.5%) in the azithromycin 

group and in 339 (2.3%) in the placebo group (relative risk, 0.65; 95% CI, 0.55 to 0.77); 

death from sepsis occurred in less than 0.1% of the women in each group.

Stillbirth or neonatal death or sepsis within 4 weeks after delivery (the neonatal composite 

primary outcome) occurred in 1540 of 14,658 infants (10.5%) in the azithromycin group 
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and in 1526 of 14,756 infants (10.3%) in the placebo group (relative risk, 1.02; 95% CI, 

0.95 to 1.09; P = 0.56). Neonatal sepsis occurred in 1433 infants (9.8%) and in 1407 infants 

(9.6%), respectively (relative risk, 1.03; 95% CI, 0.96 to 1.10). In each of the two groups, 

the incidence of stillbirth was 0.4% and the incidence of neonatal death was 1.5%.

SUBGROUP ANALYSES

Results of prespecified and post hoc subgroup analyses of the primary outcomes are shown 

in Figure 2. Findings in subgroups were generally consistent with the overall results, with 

the exception that there appeared to be greater maternal benefit with azithromycin in Africa 

(relative risk, 0.47; 95% CI, 0.36 to 0.61) than in Asia (relative risk, 0.88; 95% CI, 0.70 to 

1.10).

SECONDARY MATERNAL AND NEONATAL OUTCOMES

Endometritis occurred in 1.3% of the women in the azithromycin group and in 2.0% of those 

in the placebo group (relative risk, 0.66; 95% CI, 0.55 to 0.79), wound infections (cesarean 

and perineal) in 1.6% and 2.2%, respectively (relative risk, 0.71; 95% CI, 0.60 to 0.84), and 

other infections in 1.0% and 1.5%, respectively (relative risk, 0.69; 95% CI, 0.56 to 0.85); 

chorioamnionitis was rare in the two groups. These and other secondary outcomes, including 

hospital readmissions and unscheduled visits, are shown in Table 3.

ADVERSE EVENTS

At least one maternal side effect was reported in 7.1% of mothers in the azithromycin group 

and in 7.6% in the placebo group; none of the side effects were substantively more frequent 

in the azithromycin group (Table S8). Pyloric stenosis was diagnosed in 8 infants in the 

azithromycin group and in 3 in the placebo group.

SENSITIVITY ANALYSES

The frequency of at least one protocol deviation was similar in the two groups (Table S9). 

Results of sensitivity analyses that considered alternative outcomes for those patients who 

were lost to follow-up and survival analyses for the primary outcomes were not materially 

different from those in the primary analyses (Table S10 and Figs. S1 and S2).

DISCUSSION

In this multicountry, randomized trial involving pregnant women in labor who were planning 

a vaginal delivery, azithromycin prophylaxis led to a significantly lower frequency of 

maternal sepsis or death than placebo but had little effect on stillbirth or neonatal sepsis or 

death. Maternal deaths were infrequent in both groups; findings were driven by the effects of 

azithromycin on maternal sepsis. The frequencies of selected maternal infections that cause 

sepsis (including endometritis, cesarean or perineal wound infections, and pyelonephritis) 

maternal readmissions, and unscheduled health care visits were consistent with the primary 

maternal results. Findings for individual neonatal outcomes mirrored those for the primary 

neonatal outcome. The number of women who would need to be treated to prevent one case 

of maternal death or sepsis was 125; the same number would need to be treated to prevent 

one maternal sepsis event. In addition, apart from a potential greater benefit in Africa than 
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in Asia, the benefit did not appear to vary according to subgroup, including risk status for 

infection.

Our results are consistent with findings from a large U.S. trial and other studies involving the 

use of azithromycin in women who had undergone a cesarean delivery and received usual 

antibiotics.4,12–14 In the U.S. trial, the use of azithromycin resulted in a lower incidence of 

maternal infections (including a 50% lower risk of endometritis and wound infections) than 

the use of placebo and was associated with fewer readmissions or unscheduled care visits 

but did not affect newborn outcomes.4 Our finding of maternal benefit was also consistent 

with the results of two small trials involving women in labor who were planning a vaginal 

delivery: one trial involving high-risk women in Cameroon and the other involving women 

regardless of risk in Gambia.7,15 In contrast to other trials, the Gambian trial also suggested 

potential benefit of azithromycin in preventing neonatal infections.7 This discrepancy could 

be due to the inclusion in the Gambian trial of neonatal skin infections among key outcomes 

and less frequent use of antibiotics in usual care than in our trial. Although chorioamnionitis 

was rare in our population, the incidences of maternal and neonatal infections that we 

observed were consistent with estimates from previous trials and global surveys.7,15,16

The strengths of our trial include the large enrollment in multiple countries, the use of 

WHO clinical definitions of maternal and neonatal sepsis, and blinded adjudication of key 

outcomes. These factors represent an improvement over previous studies of azithromycin to 

prevent maternal and neonatal infection in low- and middle-income countries. Staff members 

received frequent training on key protocol features, including temperature monitoring and 

criteria for infection outcomes. The trial population broadly reflected the general population 

of women who were giving birth in these countries on the basis of our ongoing population-

based registry of largely rural clusters (Table S13).

Among the trial limitations, the incidence of maternal sepsis or death was 2% in Asia, as 

compared with the projected incidence of 3% or more, a factor that limited the statistical 

power for this subgroup. Furthermore, the frequencies of prophylactic use of antibiotics 

(which partially reflects increased screening for group B streptococcus) and cesarean birth 

varied according to site and were particularly high in several non-African sites. Although 

these factors probably blunted the effect of the intervention, maternal benefits were still 

observed in the overall population and in subgroups according to mode of delivery. The 

use of azithromycin is postulated to reduce infections because of its broad antimicrobial 

coverage, including for ureaplasmas or mycoplasmas and some anaerobes that may not be 

covered by other common antibiotics.12,17,18 However, we did not perform cultures for these 

specific microorganisms, a factor that limits our ability to evaluate this mechanism.

Potential harms of adding routine azithromycin for vaginal deliveries include increased 

antimicrobial resistance, effects of changes to the maternal or neonatal microbiome, and 

drug side effects and costs. The high prevalence of antibiotic use in non-African sites 

increases these concerns. Although available studies have not shown significant associations 

between a single azithromycin dose and sustained carriage of resistant organisms or an 

increase in resistant infections,4,17,19–21 more long-term data are needed to inform the 
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association between the routine use of oral azithromycin prophylaxis for vaginal delivery 

and macrolide resistance patterns and subsequent effects on the microbiome.

Adverse effects were similar in the two trial groups. No safety signal was observed regarding 

sudden cardiac death, which was consistent with the results of other studies of a single 

dose of azithromycin and those involving women of reproductive age.4,19,22,23 More cases 

of pyloric stenosis were observed in the azithromycin group, a finding that warrants further 

surveillance, but these cases were rare in both groups, with incidences that were lower 

than the expected background rates.24 Previous data have suggested an increased risk with 

postnatal but not prenatal use of azithromycin.25,26 Studies of factors that influence the 

effects of azithromycin and of its implementation may further inform the generalizability of 

our findings.

In this multicenter trial, the use of intrapartum oral azithromycin among women who were 

planning a vaginal delivery resulted in a lower risk of maternal sepsis or death than placebo, 

an outcome that was driven by a reduction in sepsis. However, the intervention did not 

reduce the risk of sepsis or death in newborns.
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Figure 1. Enrollment and Outcomes.
A total of 44,078 pregnant women who had been admitted to health facilities for 

spontaneous or induced vaginal delivery were screened for eligibility. After all exclusions, 

including evidence of coronavirus disease 2019 (Covid-19) and other infections, 14,590 

women were assigned to receive azithromycin and 14,688 to receive placebo. ITT denotes 

intention to treat.
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Figure 2. Specified and Post Hoc Subgroup Analyses.
Relative risks and 95% confidence intervals were calculated from generalized linear 

models that included terms for assigned group, site, subgroup, and an interaction term 

for the assigned group according to subgroup. Models for neonatal outcomes account 

for correlation among multiple births on the assumption of an exchangeable covariance 

structure. If model-convergence problems occurred, the generalized linear model was fit 

without the adjustment for correlation among multiple births. Relative risks and 95% 

confidence intervals have not been adjusted for multiplicity and should not be used in place 

of hypothesis testing.
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