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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 re-
duce 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 still-
birth 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.

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.)

N ENGLJ MED 388;13 NEJM.ORG MARCH 30, 2023

The New England Journal of Medicine

Copyright © 2023 Massachusetts Medical Society. All rights reserved.

The authors’ full names, academic de-
grees, and affiliations are listed in the
Appendix. Dr. Tita can be contacted at
atita@uab.edu or at the Center for Wom-
en’s Reproductive Health, Department of
Obstetrics and Gynecology, UAB Marnix
E. Heersink School of Medicine, Univer-
sity of Alabama at Birmingham, 1700 6th
Ave. South, Birmingham, AL 35233.

*Members of the A-PLUS Trial Group are
provided in the Supplementary Appen-
dix, available at NEJM.org.

This is the New England Journal of Medi-
cine version of record, which includes all
Journal editing and enhancements. The
Author Accepted Manuscript, which is
the author’s version after external peer
review and before publication in the Jour-
nal, is available at PubMed Central.

This article was published on February 9,
2023, and updated on February 23, 2023,
at NEJM.org.

N Engl ) Med 2023;388:1161-70.
DOI: 10.1056/NEJMoa2212111
Copyright © 2023 Massachusetts Medical Society.

at NEJM.org

1161

Downloaded from negim.org at SHRI BM PATIL MEDICAL COLLEGE on May 24, 2023. For personal use only. No other uses without permission.



A Quick Take
is available at

1162

Downloaded from negim.org at SHRI BM PATIL MEDICAL COLLEGE on May 24, 2023. For personal use only. No other uses without permission.

NEJM.org

The NEW ENGLAND JOURNAL of MEDICINE

ATERNAL INFECTIONS, PARTICULARLY

sepsis, during the peripartum period

account for 10% of maternal deaths
and are among the top three causes of maternal
death worldwide.! 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 de-
creased.! Neonatal sepsis, accounting for 16% of
neonatal deaths, is the third most common cause
of neonatal death.? Furthermore, maternal infec-
tion increases the risk of neonatal sepsis.!?

The World Health Organization (WHO) and
others have prioritized the reduction of maternal
sepsis to decrease the risk of maternal death.?
Such efforts have included the evaluation of the
use of prophylactic antibiotics in women who are
giving birth.! In a randomized trial of adjunctive
intravenous azithromycin prophylaxis for cesar-
ean delivery performed during labor, investigators
found a 50% lower incidence of maternal infec-
tion in the azithromycin group than in the placebo
group, as well as lower costs.*> As a result, ad-
junctive azithromycin prophylaxis is now recom-
mended in the United States and elsewhere for
women undergoing cesarean delivery during la-
bor.® 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.”

We performed the Azithromycin Prevention
in Labor Use Study (A-PLUS) to test the two pri-
mary hypotheses that a single oral dose of azithro-
mycin 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-con-
trolled, randomized trial was conducted at eight
sites in seven low- or middle-income countries
of the Global Network for Women’s and Chil-
dren’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. insti-
tution and the data coordinating center approved
the protocol (available with the full text of this
article at NEJM.org). A steering committee (in-
cluding an NICHD program scientist) and an
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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 vagi-
nal delivery were eligible. We included women
with singleton and multiple gestations of at least
28 weeks who provided written informed consent.
We excluded women with infection warranting the
use of antibiotics, arrhythmia or known cardio-
myopathy, allergy to azithromycin or other macro-
lide 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 indepen-
dent 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. Clini-
cians, research staff members, and patients were
unaware of trial-group assignments. Trial packs
of azithromycin and identical placebo were num-
bered sequentially with the use of a computer
algorithm, which used a predetermined 1:1 ran-
domization schedule for azithromycin and pla-
cebo, stratified according to site, and a permut-
ed-block randomization with varied block sizes.

Research staff members administered the in-
tervention pack and observed pill intake. All other
procedures, including antibiotic use, followed stan-
dard 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 sus-
pected or confirmed infection including fever
(>100.4°F or 38°C) or hypothermia (<96.8°F or
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36°C) plus one or more signs of organ dysfunc-
tion: 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).*"* 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 (2100.4°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 men-
ingitis.!

Secondary maternal outcomes were the com-
ponents of the primary outcome; specific infec-
tions, including chorioamnionitis, endometritis,
wound infections, abdominal or pelvic abscess,
mastitis or breast abscess, pneumonia, or pyelo-
nephritis; and therapeutic use of antibiotics, dura-
tion 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 infec-
tions, the duration of hospital stay, readmission,
admission to a special care unit, unscheduled
health care visits, and safety outcomes. We exam-
ined the results of bacterial growth and antimi-
crobial 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, 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 pa-
tients’ temperatures (Table S3). All the patients
were educated about signs and symptoms of in-
fection 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 be-
fore 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 re-
cord 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 pa-
tients 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 in-
cidence 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 ran-
domization, or both.)

The primary analyses were performed in the
intention-to-treat population. We compared the
primary outcomes in the two groups using gen-
eralized 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 account-
ed for correlation among multiple births. We cal-
culated P values to test each of the primary hy-
potheses at an alpha level of 0.05 overall, with a
nominal alpha level of 0.0001 at the interim analy-
sis. 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 analy-
ses 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 gestation-
al age and type of labor. Exploratory analyses
included an alternative definition of being at
high risk for infection as assessed before deliv-
ery rather than at randomization. Secondary
maternal and neonatal outcomes were analyzed
in the intention-to-treat population with corre-
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44,078 Pregnant women were screened
for eligibility

14,800 Were excluded
105 Were not evaluated for ran-
domization
76 Had been previously enrolled
in the trial
653 Did not provide consent
649 Were not of legal age of con-
sent
628 Were unable to consent
427 Had gestational age <28 wk
at screening
3570 Were not admitted to facility
with a plan to deliver vag-
inally
997 Did not have fetal heart rate
present
440 Had preterm labor and no
immediate plan for delivery
4312 Had advanced stage of labor
and pushing
283 Had fever >38°C with no
other explanation
60 Had evidence of current
Covid-19
397 Had evidence of other in-
fection warranting antibiotics
after delivery
328 Had evidence of macrolide
antibiotic use in previous
3 days
73 Had evidence of allergy to
azithromycin or other mac-
rolides
78 Had arrhythmia or known
history of cardiomyopathy
1724 Had other medical condition

29,278 Underwent randomization

14,590 Were assigned to receive
azithromycin
14,351 Received complete dose
237 Received incomplete dose
2 Did not receive assigned drug
or had missing dose informa-
tion

14,688 Were assigned to receive
placebo
14,434 Received complete dose
252 Received incomplete dose
2 Did not receive assigned drug
or had missing dose informa-
tion

14,590 Were included in ITT population
14,526 Had primary outcome data
64 Had imputed primary outcome

14,688 Were included in ITT population
14,637 Had primary outcome data
51 Had imputed primary outcome

Figure 1. Enrollment and Outcomes.

A total of 44,078 pregnant women who had been admitted to health facili-
ties for spontaneous or induced vaginal delivery were screened for eligibili-
ty. After all exclusions, including evidence of coronavirus disease 2019 (Co-
vid-19) and other infections, 14,590 women were assigned to receive
azithromycin and 14,688 to receive placebo. ITT denotes intention to treat.

sponding relative risk or mean difference and
95% confidence intervals.

With oversight from the data and safety moni-
toring 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 out-
come 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 sig-
nificant in all patients and the direction and mag-
nitude of effect in subgroups (risk or region) were
consistent or if efficacy was observed in one out-
come 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 stop-
ping 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 azithro-
mycin group and 14,688 women (14,782 neo-
nates 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 pa-
tients (55%) were enrolled in Asia; at randomiza-
tion, 18.4% had induced labor, and 8.6% were at
high risk for infection.

The groups were also well balanced with re-
spect to labor and delivery characteristics (inci-
dence of cesarean delivery, receipt of prophylactic
antibiotics, high-risk status at delivery, and the
median time between randomization and deliv-
ery [3 hours]) (Table S4). The frequencies of pro-
phylactic antibiotic use (mainly cephalosporins)
and cesarean delivery varied according to site, with
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Table 1. Maternal Characteristics at Baseline.*

Characteristic
Region of residence — no. (%)
Africa
Asia
Latin America
Median age (IQR) —yr
Married — no./total no. (%)
Maternal education — no./total no. (%)
No formal schooling
1-6 yr of schooling
7-12 yr of schooling
=13 yr of schooling
Primiparous — no./total no. (%)
Multiple birth — no./total no. (%)
Any infection during pregnancy — no./total no. (%)

Gestational age <37 wk — no./total no. (%)

Labor induction — no./total no. (%)

Prolonged labor =18 hr before randomization

Azithromycin
(N=14,590)

5,779 (39.6)
8,017 (54.9)
794 (5.4)
24.0 (21.0-28.0)
13,729/14,589 (94.1)

3,457/14,565 (23.7
2,002/14,565 (13.7
7,308/14,565 (5
1,798/14,565 (1

Placebo
(N=14,688)

5,801 (39.5)
8,084 (55.0)
803 (5.5)
24.0 (21.0-28.0)
13,834/14,687 (94.2)

3,476/14,665 (23.7
2,022/14,665 (13.8

1,842/14,665 (12.6

Any medical condition during pregnancy — no./total no. (%)

High risk for sepsis before randomization — no./total no. (%)

Prolonged rupture of membranes =8 hours before randomization

) )
) )
02)  7,325/14,665 (49.9)
23) )
6,311/14,588 (43.3) )
99/14,588

(

(13

(

(

( 6,376/14,687 (43.4

(
797/14,589 (

(

(

(

(

(

(

95/14,687 (0.6)
821/14,687 (5.6)
1,017/14,589 (7.0) 955/14,687 (6.5)
1,841/14,583 (12.6)  1,895/14,684 (12.9)
2,651/14,581 (18.2)  2,724/14,677 (18.6)

2
3
3
7)
5)

0.
5.
7.
1

(
1,247/14,588 (8.5) 1,283/14,687 (8.7)
670/14,588 (4.6) 698/14,687 (4.8)
615/14,588 (4.2) 632/14,687 (4.3)

* Percentages may not total 100 because of rounding. IQR denotes interquartile range.

- Among the maternal infections during pregnancy were group B streptococcus, pneumonia, pyelonephritis, rubella, chla-

mydia, herpes, syphilis, gonorrhea, human immunodeficiency virus, hepatitis B, malaria, and urinary tract infection.
i Among the maternal conditions during pregnancy were diabetes, chronic hypertension, and hypertensive disorders of

pregnancy.

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 conser-
vative 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 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 in-
fants (9.8%) and in 1407 infants (9.6%), respec-
tively (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
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Table 2. Maternal and Neonatal Primary Outcomes and Their Components.

Outcome

Maternal
Death or sepsis within 6 wk after birth
Sepsis
Death
From any cause
From sepsis
Neonatal

Stillbirth or neonatal death or sepsis within 4
wk after birth

Stillbirth

Death
Within 4 wk after birth
From sepsis

Sepsis

Azithromycin

Placebo

no. /total no. (%)

227/14,526 (1.6)
219/14,558 (1.5)

11/14,526 (0.1)
4/14,526 (<0.1)

1,540/14,658 (10.5)

59/14,687 (0.4)
222/14,598 (1.5)

64/14,598 (0.4)
1,433/14,570 (9.8)

344/14,637 (2.4)
339/14,662 (2.3)

9/14,635 (0.1)
1/14,635 (<0.1)

1,526/14,756 (10.3)

56/14,782 (0.4)
219/14,700 (1.5)

62/14,700 (0.4)
1,407/14,652 (9.6)

Relative Risk

(95% Cly P Valuef

0.67 (0.56-0.79) <0.001
0.65 (0.55-0.77)

1.23 (0.51-2.97)
4.04 (0.45-36.14)

1.02 (0.95-1.09) 0.56

1.06 (0.74-1.53)

1.03 (0.86-1.24)
1.04 (0.73-1.47)
1.03 (0.96-1.10)

* Relative risks and 95% confidence intervals were calculated with the use of generalized linear models that included terms for group assign-
ment and site. Models for neonatal outcomes account for correlation among multiple births on the assumption of an exchangeable covari-

ance structure.

7 P values were calculated with the use of multiple imputation for missing outcomes implemented separately for mothers and neonates by
means of logistic regression imputation with the use of site and high-risk status before randomization as covariates.
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Figure 2. Findings in subgroups were generally
consistent with the overall results, with the excep-
tion 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 infec-
tions 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 sec-
ondary 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 ma-
ternal infections that cause sepsis (including en-
dometritis, cesarean or perineal wound infections,
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Subgroup

Maternal death or sepsis within 6 wk
High-risk cohort

Azithromycin

Placebo

no. of patients with event/total no. (%)

227/14,526 (1.6)

344/14,637 (2.4)

~e— Post hoc Prespecified

Relative Risk (95% Cl)

0.67 (0.56-0.79)

Yes 24/1241 (1.9) 37/1279 (2.9) 0.65 (0.39-1.08)

No 203/13,285 (1.5) 307/13,358 (2.3) 0.67 (0.56-0.80)
Geographic region

Africa 83/5772 (1.4) 178/5792 (3.1) 0.47 (0.36-0.61)

Asia 143/7962 (1.8) 165/8044 (2.1) 0.88 (0.70-1.10)
Prophylactic antibiotic use during labor

Yes 43/2033 (2.1) 58/2035 (2.9) 0.74 (0.50-1.10)

No 184/12,493 (1.5) 286/12,602 (2.3) 0.65 (0.54-0.78)

Type of delivery
Cesarean
Vaginal

Type of labor

67/2037 (3.3)
160/12,489 (1.3)

99/2057 (4.8)
245/12,580 (1.9)

0.71 (0.52-0.96)
0.66 (0.54-0.80)

Spontaneous 153/11,883 (1.3) 254/11,921 (2.1) — 0.60 (0.49-0.74)
Induction 732635 (2.8) 90/2706 (3.3) —— 0.83 (0.61-1.13)
Preterm E
Yes 41/1829 (2.2) 60/1891 (3.2) — e . 0.70 (0.47-1.04)
No 186/12,692 (1.5) 284/12,743 (2.2) —e— 0.66 (0.55-0.79)
Stillbirth or neonatal death or sepsis within 4 wk ~ 1540/14,658 (10.5) 1526/14,756 (10.3) ) 1.02 (0.95-1.09)
High-risk cohort E
Yes 168/1252 (13.4) 194/1288 (15.1) : 0.90 (0.74-1.08)
No 1372/13,405 (10.2) 1332/13,468 (9.9) 1.04 (0.97-1.11)
Geographic region H
Africa 382/5838 (6.5) 392/5854 (6.7) 0.98 (0.86-1.13)
Asia 1101/8028 (13.7) 1078/8101 (13.3) ! 1.03 (0.95-1.12)
Prophylactic antibiotic use during labor E
Yes 3362057 (16.3) 3132046 (15.3) : 1.07 (0.93-1.24)
No 1204/12,601 (9.6) 1213/12,710 (9.5) 1.01 (0.93-1.08)
Type of delivery H
Cesarean 302/2054 (14.7) 309/2073 (14.9) 1.00 (0.86-1.16)
Vaginal 1238/12,604 (9.8) 1217/12,683 (9.6) : 1.03 (0.95-1.11)
Type of labor E
Spontaneous 1149/12,004 (9.6) 1147/12,024 (9.5) 4 1.00 (0.93-1.08)
Induction 391/2646 (14.8) 377/2722 (13.9) —e— 1.08 (0.95-1.24)
Preterm H
Yes 264/1883 (14.0) 251/1943 (12.9) —e— 1.07 (0.91-1.25)
No 1275/12,768 (10.0) 1274/12,809 (9.9) —p 1.01 (0.94-1.09)
0!4 0{5 1?0 155
Azithromycin Placebo
Better Better

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 gener-
alized 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.

and pyelonephritis) maternal readmissions, and case of maternal death or sepsis was 125; the
unscheduled health care visits were consistent with same number would need to be treated to pre-
the primary maternal results. Findings for indi- vent one maternal sepsis event. In addition, apart
vidual neonatal outcomes mirrored those for the from a potential greater benefit in Africa than in
primary neonatal outcome. The number of wom- Asia, the benefit did not appear to vary according
en who would need to be treated to prevent one to subgroup, including risk status for infection.
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Table 3. Secondary Maternal and Neonatal Outcomes.*

Outcome

Maternal

Infection — no./total no. (%)
Chorioamnionitis

Endometritis

Cesarean
Perineal

Other
Abdominal or pelvic abscess
Mastitis or breast abscess
Pyelonephritis
Pneumonia

Other bacterial infection

partum — no./total no. (%)
For any reason

For treatment

after delivery — days
Postpartum care — no./total no. (%)
Readmission <42 days after delivery
Admission to special care unit
Unscheduled visit for care
Neonatal
Other infection — no./total no. (%)

Initial length of hospital stay — days

Time from drug administration until initial discharge

Azithromycin

5/14,590 (<0.1)
191/14,558 (1.3)

Wound according to method of delivery

77/2,038 (3.8)
149/12,519 (1.2)
149/14,558 (1.0)

4/14,558 (<0.1)

38/14,558 (0.3)

11/14,558 (0.1)

29/14,558 (0.2)

68/14,558 (0.5)

Antibiotic therapy from randomization to 42 days post-

7,937/14,567 (54.5)
458/14,558 (3.1)
1.4+1.8

124/14,552 (0.9)
116/14,560 (0.8)
1,397/14,554 (9.6)

763/14,573 (5.2)
1.5+2.4

Placebo

8/14,688 (<0.1)
294/14,659 (2.0)

134/2,060 (6.5)
188/12,595 (1.5)
217/14,657 (1.5)

6/14,657 (<0.1)
57/14,655 (0.4)
43/14,655 (0.3)
31/14,657 (0.2)
(0.6)

0.
0.
0.
81/14,657 (0.

4
3
2
6

8,180/14,672 (55.8)
730/14,660 (5.0)
1.4+1.9

192/14,646 (1.3)
130/14,662 (0.9)
1,790/14,649 (12.2)

798/14,657 (5.4)
1.542.1

Relative Risk
(95% CI)7

NA
0.66 (0.55—0.79)

0.57 (0.43-0.75)
0.80 (0.65-0.99)
0.69 (0.56-0.85)
0.67 (0.19-2.37)
0.67 (0.44-1.01)
0.26 (0.13-0.50)
0.95 (0.57-1.57)
0.85 (0.61-1.17)
0.98 (0.95-1.01)
0.63 (0.56-0.71)
NA

0.65 (0.52-0.82)
0.90 (0.70-1.15)
0.79 (0.73-0.84)

0.97 (0.88-1.07)
NA

Readmission =42 days after delivery
Admission to special care unit

Unscheduled visit for care

Postnatal care — no./total no. (%)

553/14,420 (3.8)
951/14,499 (6.6)
3,223/14,458 (22.3)

518/14,514 (3.6)
927/14,585 (6.4)
3,366/14,565 (23.1)

1.08 (0.96-1.21)
1.03 (0.94-1.12)
0.96 (0.93-1.00)

s

Plus—minus values are means +SD.
" Relative risks and 95% confidence intervals have not been adjusted for multiplicity and should not be used in place of hypothesis testing.

NA denotes that the calculation of relative risk was not applicable because models were not constructed for this category.

: Other neonatal infections included eye infection with swelling and drainage, skin infection with 10 or more pustules or bullae, omphalitis,

urinary tract infection, pyelonephritis or kidney infection, pneumonia or lung infection with a respiratory rate of 60 breaths per minute or
more, meningitis, and other infections that had been documented in the clinical record.
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Our results are consistent with findings from
a large U.S. trial and other studies involving the
use of azithromycin in women who had under-
gone a cesarean delivery and received usual anti-
biotics.*'>™ In the U.S. trial, the use of azithro-
mycin resulted in a lower incidence of maternal
infections (including a 50% lower risk of endo-
metritis and wound infections) than the use of
placebo and was associated with fewer readmis-

N ENGL J MED 388,13

sions or unscheduled care visits but did not af-
fect newborn outcomes.* Our finding of mater-
nal benefit was also consistent with the results
of two small trials involving women in labor who
were planning a vaginal delivery: one trial involv-
ing high-risk women in Cameroon and the other
involving women regardless of risk in Gambia.”"
In contrast to other trials, the Gambian trial also
suggested potential benefit of azithromycin in
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preventing neonatal infections.” This discrepan-
cy could be due to the inclusion in the Gambian
trial of neonatal skin infections among key out-
comes and less frequent use of antibiotics in
usual care than in our trial. Although chorioam-
nionitis was rare in our population, the inci-
dences of maternal and neonatal infections that
we observed were consistent with estimates from
previous trials and global surveys.”!>1

The strengths of our trial include the large
enrollment in multiple countries, the use of WHO
clinical definitions of maternal and neonatal sep-
sis, and blinded adjudication of key outcomes.
These factors represent an improvement over pre-
vious studies of azithromycin to prevent mater-
nal and neonatal infection in low- and middle-
income countries. Staff members received frequent
training on key protocol features, including tem-
perature 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 on-
going 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 com-
pared 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 strepto-
coccus) 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 popu-
lation and in subgroups according to mode of
delivery. The use of azithromycin is postulated
to reduce infections because of its broad antimi-
crobial coverage, including for ureaplasmas or
mycoplasmas and some anaerobes that may not
be covered by other common antibiotics.!>1718
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 azithromy-
cin for vaginal deliveries include increased anti-

microbial 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 sig-
nificant associations between a single azithromy-
cin dose and sustained carriage of resistant organ-
isms or an increase in resistant infections,*”192!
more long-term data are needed to inform the
association between the routine use of oral
azithromycin prophylaxis for vaginal delivery and
macrolide resistance patterns and subsequent ef-
fects 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 re-
productive age.**?>?> More cases of pyloric ste-
nosis were observed in the azithromycin group,
a finding that warrants further surveillance, but
these cases were rare in both groups, with inci-
dences that were lower than the expected back-
ground rates.** Previous data have suggested an
increased risk with postnatal but not prenatal
use of azithromycin.”>? Studies of factors that
influence the effects of azithromycin and of its
implementation may further inform the general-
izability of our findings.

In this multicenter trial, the use of intrapar-
tum 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 sep-
sis. However, the intervention did not reduce the
risk of sepsis or death in newborns.
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