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ABSTRACT

BACKGROUND

Maternal infection and sepsis are major causes of maternal death and severe illness
worldwide, particularly in low- and middle-income countries. Inconsistent implemen-
tation of evidence-based recommendations for infection prevention and management
and delays in detection and treatment of maternal sepsis contribute to the number of
preventable deaths.

METHODS
We conducted a cluster-randomized trial to assess a multicomponent intervention,
the Active Prevention and Treatment of Maternal Sepsis (APT-Sepsis) program. This
program was designed to support health care providers in achieving three goals:
adherence to World Health Organization (WHO) hand-hygiene standards; adoption
of evidence-based practices for maternal infection prevention and management; and
early detection of sepsis and use of the FAST-M (fluids, antibiotics, source control,
transfer if required, and monitoring) treatment bundle. Usual care was provided in
the control group, along with dissemination of guidelines. The primary outcome was
a composite of infection-related maternal death, infection-related near-miss event
(events in which women survived a life-threatening complication), or severe infection-
related illness (deep surgical-site, deep perineal, or body-cavity infection) among
women who were pregnant or had recently been pregnant.

RESULTS

We randomly assigned 59 health facilities (Where 431,394 women gave birth during the
trial) in Malawi and Uganda to the intervention group (30 clusters) or the usual-care
group (29 clusters). A primary-outcome event occurred in 1.4% of the patients in the
intervention group and in 1.9% of those in the usual-care group (risk ratio, 0.68; 95%
confidence interval, 0.55 to 0.83; P<0.001). This effect was generally consistent be-
tween countries and among facilities of difference sizes and was sustained over time.

CONCLUSIONS
Implementation of the APT-Sepsis program led to a significantly lower risk of a com-
posite of infection-related maternal death, infection-related near-miss event, or severe
infection-related illness than usual care. (Funded by the Joint Global Health Trials
scheme and others; APT-Sepsis ISRCTN number, ISRCTN42347014.)
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ATERNAL INFECTION IS AN IMPOR-

tant cause of maternal illness and

death worldwide. It is associated with
as many as half of in-hospital maternal deaths,
with the greatest burden observed in low- and
middle-income countries."? Infections during and
after pregnancy are also associated with long-
term illness in women and with adverse peri-
natal outcomes, such as stillbirth and neonatal
death.*® Outcomes are particularly poor in cases
involving maternal sepsis.’

Global initiatives have identified the preven-
tion and management of maternal infection and
sepsis as a priority.1%?3 Several upstream defi-
ciencies in care are critical contributors to ma-
ternal death from sepsis, including inconsistent
adherence to infection-prevention practices, in-
appropriate use of antibiotic agents, and delays
in the recognition and treatment of infection and
sepsis.>*1¢ These shortcomings are compounded
by systemic constraints, such as inadequate staft-
ing, overcrowded facilities, and limited supplies
of key resources.!”!8

The World Health Organization (WHO) has
issued recommendations on adherence to hand-
hygiene standards and evidence-based practices to
prevent and treat maternal infection.** However,
adherence to these recommendations is subopti-
mal.3* The use of structured tools and bundles of
care have been shown to improve recognition and
timely treatment of other obstetrical emergencies,
such as postpartum hemorrhage, and have been
associated with better outcomes, even in health
facilities with limited resources.?> Moreover, sepsis
treatment bundles are widely used in high-income
countries, particularly in the nonmaternity popu-
lation.”>* A maternal sepsis treatment bundle has
been developed specifically for low-resource set-
tings, but its effect on maternal outcomes has not
been established.??

The Active Prevention and Treatment of Mater-
nal Sepsis (APT-Sepsis) program was designed to
address these deficiencies through an integrat-
ed, multicomponent intervention delivered at the
facility level. The program seeks to help health
care providers achieve three goals: to improve
hand-hygiene adherence, to improve prevention
and management of maternal infection, and to
increase early recognition and bundled treatment
of sepsis.”?* We conducted a large cluster-ran-
domized trial in Malawi and Uganda to evaluate
whether implementation of the APT-Sepsis pro-
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gram in health facilities would reduce the risk of
a composite of infection-related maternal death,
infection-related near-miss event, or severe in-
fection-related illness.

METHODS

TRIAL DESIGN AND OVERSIGHT

The APT-Sepsis trial was a multicountry, cluster-
randomized trial with a baseline control phase.
We designed the intervention to be delivered at
the health facility level (cluster) to target the be-
haviors of health care providers and systems
within the facilities.

The trial included a baseline phase for all
participating facilities of at least 6 months, dur-
ing which usual care was provided. On comple-
tion of the baseline phase, facilities were ran-
domly assigned in a 1:1 ratio to either continue
providing usual care or receive the trial inter-
vention for 12 months. A transition period of
3 months was used to implement and embed the
intervention into hospital systems; data from
this period were not included in the effective-
ness analysis. Participating sites underwent ran-
domization in Malawi from November 6, 2023,
to January 8, 2024, and in Uganda from January
8, 2024, to March 4, 2024.

Randomization was performed with the use
of a minimization algorithm, generated by an
independent statistician, to ensure that the fa-
cilities assigned to the intervention and usual-
care groups were balanced within each country.
Minimization factors were the number of live
births per cluster per week (categorized accord-
ing to small, medium, or large facilities) and the
percentage of births with a primary-outcome
event (dichotomized with the use of the median
value) during the baseline phase. Facilities were
assigned sequentially to one of the two trial
groups; further details are provided in the Sup-
plementary Appendix, available at NEJM.org. We
also conducted a mixed-methods evaluation to
explore additional outcomes related to imple-
mentation: health care providers’ perceptions of
acceptability, feasibility of implementation within
the health care system, mechanisms of change,
and cost (as part of a formal economic evaluation).

The trial was approved by the University of
Liverpool, the WHO Ethics Review Committee,
the College of Medicine Research Ethics Com-
mittee in Malawi, and the Infectious Diseases
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Institute Research Ethics Committee and the
Uganda National Council for Science and Tech-
nology in Uganda. Patients did not provide con-
sent since the intervention was delivered to
health care providers, and the components of
the intervention were considered best practice.
Agreement for participation in the trial was ob-
tained at both the national and facility level.

The trial was overseen by a trial steering com-
mittee and an independent data monitoring com-
mittee. Patient and public involvement groups
provided advice on trial design and materials,
how best to engage the public, and trial-related
messaging. The first and last authors and the
trial statisticians from the Liverpool Clinical Tri-
als Centre vouch for the accuracy and complete-
ness of the data and for the fidelity of the trial
to the protocol, available with the full text of
this article at NEJM.org.

PARTICIPATING HOSPITALS

Health facilities in Malawi and Uganda that
provided comprehensive obstetrical care (able to
perform cesarean births and provide blood trans-
fusions) and had at least 1500 births per year
were eligible for inclusion in the trial. Participa-
tion was subject to a trial-specific readiness as-
sessment process, which ensured the availability
of basic site prerequisites, such as a water supply
and electricity. The geographic locations of the
facilities were widely spread across both coun-
tries.

APT-SEPSIS INTERVENTION AND USUAL CARE

The APT-Sepsis multicomponent intervention
was delivered as an integrated program (Fig. 1)
that aimed to help health care providers achieve
three goals. Goal 1 was adherence to WHO hand-
hygiene standards, performed with the correct
technique.’® Goal 2 was the adoption of WHO
recommendations on infection prevention and
management during and after pregnancy, which
includes the evidence-based use of antibiotics for
prophylaxis and treatment of common maternal
infections, and the correct preparation of the
skin and vagina with antiseptic solution before
cesarean surgery.”® Goal 3 was the early detec-
tion of sepsis and initiation of the FAST-M (flu-
ids, antibiotics, source identification and con-
trol, assessment of the need for transfer to a
higher level of care, and monitoring of the
woman and baby) treatment bundle when sepsis
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was suspected. A standardized observation chart
that provided clear thresholds for triggering the
treatment bundle was used for all the patients
in the facilities receiving the intervention. The
intervention components were derived with the
use of an iterative process of evidence synthe-
sis, international expert consensus, testing, and
refinement through multisite pilot studies and
mixed-methods evaluation.>?

The implementation strategies in this trial
were developed to promote behavior change® and
included the following key components: hospital
leadership engagement, program champions who
were selected from existing facility staff, multi-
disciplinary training with comprehensive train-
ing materials, implementation tools (e.g., the
FAST-M checklist), and performance feedback
provided through dashboards showing local im-
plementation data and at quarterly site visits
(Fig. 1); further details are provided in the Supple-
mentary Appendix. In both groups, key resources
such as antibiotics were obtained by the facilities
through their usual procurement pathways. Ad-
ditional soap and alcohol-based hand rub were
provided to the facilities in the intervention
group, if needed. In both groups, a small num-
ber of thermometers and blood-pressure ma-
chines was also supplied in a single distribution
if the equipment at a facility was deemed to be
inadequate at the time of the site readiness as-
sessment.

The facilities in the control group continued
with usual care and were provided with the
relevant WHO and national guidelines on hand
hygiene and maternal infection prevention and
treatment that informed the APT-Sepsis pro-
gram (passive guideline dissemination). After the
trial ended, the APT-Sepsis program was offered
to all the facilities that had been assigned to the
usual-care group.

OUTCOME MEASURES

The primary outcome was a composite of infec-
tion-related maternal death, infection-related ma-
ternal near-miss event (defined as events in which
women survived a life-threatening complication),
or severe infection-related illness (defined as a
deep surgical-site, deep perineal, or body-cavity
infection) during pregnancy, childbirth, or with-
in 42 days after pregnancy had ended or at any
time up to 28 days after discharge (whichever
occurred first), irrespective of birth outcome.
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Goal 1: Hand Hygiene

Adhere to WHO “5 Moments for Hand Hygiene”
Health care providers should wash their
hands with soap or cleanse their hands
with alcohol-based hand rub:
1) Before touching the woman or newborn
2) Before a clean or aseptic procedure
3) After body-fluid exposure risk
4) After touching a woman or newborn
5) After touching a woman’s or newborn’s
surroundings
Perform hand hygiene with correct technique
Effective technique is required, including
appropriate glove use

Hospital leadership
engagement

Champions

Goal 2: Infection Prevention and Treatment

Use antibiotic prophylaxis in:
Preterm—prelabor rupture of membranes
Manual removal of the placenta
Abortion or miscarriage surgery
Operative vaginal birth
Third- or fourth-degree tears
Before cesarean section

Antibiotic prophylaxis should not be used in:
Uncomplicated pregnancy or birth
Preterm labor with intact membranes
Meconium-stained amniotic fluid
Episiotomy

Use antiseptic solution to wash skin and vagina
before cesarean section

Treat maternal infections with antibiotics
according to WHO and national recommen-
dations

Implementation Strategies

Multiprofessional training
and mentorship

Implementation tools

Goal 3: Sepsis Detection and Management

Detect sepsis early
Maternal vital signs measured at least daily
and recorded on color-coded early warning
chart
Use FAST-M treatment bundle (to be completed
within 1 hr), triggered by abnormalities
and infection
Administer intravenous crystalloid fluids
(bolus of 500 ml), repeated if hypotension
persists
Administer antibiotics according to source
of infection; if source is unknown, admin-
ister ceftriaxone (2 g intravenously daily)
and metronidazole (500 mg intravenously
three times a day or 400 mg orally three
times a day), with additional single dose of
intravenous gentamicin (5 mg/kg of body
weight), if hemodynamically unstable
Identify and remove or treat the source of
infection
Transfer, if required, to a different hospital
or location that can provide higher level of
care
Monitor with repeat maternal observations
every 30 min until stable, neonatal
monitoring and review if required

Dashboards and
feedback visits

Facility onboarding with
leadership engagement

Facility staff with clinical,
management, and pharmacy
roles who worked in specific

locations (e.g., wards,
delivery suites, and
operating theaters) were
selected as champions

Champions trained to co-
deliver facility training
(2 days) and provide
ongoing staff mentorship

Training and mentorship
supported by manuals,
flip charts, presentations,
videos, and practice
equipment for hand
washing and vaginal
preparation with
antiseptic solution

Paper-based observation
charts and FAST-M
decision and treatment
checklist tools

Provision of memory aids
with posters, pocket
reference, and antibiotic
guidelines gestation
wheel

Soap and alcohol-based
hand rub provided if
required

Dashboards showing site
performance and out-
comes

Quarterly site visits for
supportive review

Figure 1. Active Prevention and Treatment of Maternal Sepsis (APT-Sepsis) Intervention.

This multicomponent intervention enabled health care providers to meet three goals related to hand hygiene, infection prevention and
treatment, and sepsis detection and management, with support from an implementation strategy designed to promote behavioral
change. FAST-M denotes fluids, antibiotics, source identification and control, assessment of the need for transfer to a higher level of
care, and monitoring of the woman and baby, and WHO World Health Organization.

Detailed definitions of outcomes are provided in
the Supplementary Appendix. The WHO criteria
for near-miss events were modified to ensure
that their ascertainment would not be influ-
enced by the intervention. Modified Centers for
Disease Control and Prevention (CDC) criteria
were used to define deep surgical-site infection;
deep perineal, labial, or vaginal tear infection;
and reproductive tract or body-cavity infection
within 30 days after the procedure or birth. For
maternal death and near-miss events, attribution
to maternal infection was assessed on the basis
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of a review of the full clinical record by the site-
based clinical data collector and by the central
clinical team in each country. If there was discor-
dance in assessments, or if uncertainty about
causation was recorded in either trial group, the
case was adjudicated by a separate case classi-
fication committee whose members were un-
aware of the group assignments.

The secondary outcomes included the individ-
ual components of the primary composite out-
come, stillbirth, neonatal death (infection-related
and any cause), maternal death from any cause,
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maternal near-miss event from any cause, and
maternal severe acute respiratory infection. Clin-
ical outcomes were recorded by the trial staff,
independent of the implementation team. Clini-
cal areas were monitored at each site, and objec-
tive, structured reporting was conducted daily
in the baseline and postrandomization phases.
Identification of outcomes involved an active case-
finding method, chart review, and assessment of
site records.

Additional secondary outcomes related to im-
plementation included adherence to hand hy-
giene, appropriate use of antibiotic prophylaxis
before cesarean section, complete recording of
vital signs, and adherence to the maternal sepsis
management bundle. These outcomes were mea-
sured quarterly during the intervention phase in
both groups.

STATISTICAL ANALYSIS

We calculated that at least 60 clusters (a mini-
mum of 30 in Malawi and 30 in Uganda) would
provide the trial with 95% power to detect a
change in the risk of a primary-outcome event
from 3.00% to 2.25% (a 25% relative reduction),
at a two-sided P value of less than 0.05. This
calculation included adjustment for clustering
(with the assumption of an intracluster correla-
tion coefficient of 0.03 [range, 0.001 to 0.05])
and variation in clustering over time (with the
assumption of a cluster autocorrelation of 0.97
[range, 0.9 to 1.0]). The original sample size was
calculated on the basis of an intervention period
of 20 months. A prespecified reestimation of the
sample size was performed once the intracluster
correlation, baseline event rate, and number of
participants per cluster were known from the
baseline phase. This analysis showed an intra-
cluster correlation coefficient of 0.02 and a larger
than expected number of participants per cluster.
On the basis of these findings, shortening the
intervention phase was expected to have mini-
mal effect on power, and the independent data
monitoring committee and trial steering com-
mittee recommended a revised intervention pe-
riod of 12 months. A full sample-size justifica-
tion is provided in the trial protocol.

All analyses were performed according to the
intention-to-treat principle. No interim analyses
were conducted during the trial.

For the primary outcome, we used general-
ized linear mixed-effects models incorporating a
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constrained baseline analysis. Both baseline and
postrandomization time points were included as
outcomes in this analysis, but the treatment ef-
fect was constrained to be zero in the baseline
phase. We used the binomial distribution and
logit link, with robust standard errors, followed
by marginal standardization to estimate risk
ratios and risk differences. Cluster and cluster
by period were included as random effects, with
country and the categorical minimization factor
of facility size included as covariates. The second
minimization factor (percentage of births with a
primary-outcome event) was not included be-
cause it was already in the model as the outcome
variable.

We analyzed the treatment effect on the pri-
mary outcome in prespecified subgroups, defined
according to country, facility size, and months af-
ter implementation. We conducted subgroup anal-
yses by including an interaction parameter be-
tween treatment group and subgroup in the
regression model and by reporting adjusted treat-
ment effects with 95% confidence intervals.

We analyzed the secondary outcomes with
the same methods used for the primary-outcome
analysis. Implementation outcomes from the
quarterly visits in each facility were analyzed
with the use of mixed-effect repeated-measures
linear regression, with country and facility size
as covariates. There was no prespecified plan to
adjust for multiplicity in tests of secondary out-
comes. The widths of the 95% confidence inter-
vals have not been adjusted for multiplicity and
should not be used to infer definitive effects of
the intervention.

RESULTS

HEALTH FACILITY AND PATIENT CHARACTERISTICS
A total of 83 health facilities were identified and
assessed for eligibility (Fig. S1 in the Supplemen-
tary Appendix). Of these, 33 facilities in Malawi
and 38 facilities in Uganda proceeded to initiate
the baseline data collection phase and underwent
site readiness assessments. Three facilities in Ma-
lawi and nine in Uganda were then excluded for
one of the following reasons: they did not provide
care for patients with severe infections or sepsis
within the facility, they no longer met the inclu-
sion criteria, or, in Malawi, the maximum number
of facilities had already been enrolled.

A total of 59 facilities underwent randomiza-
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tion, with 30 assigned to the intervention group
(15 in Malawi and 15 in Uganda) and 29 to the
usual-care group (15 and 14, respectively). After
randomization, all the facilities followed the
trial assignment and completed the trial. A total
of 431,394 women had live births during the
trial (190,500 in the baseline phase and 240,894
in the intervention phase) (Table 1).

Facility characteristics and resource availabil-
ity appeared to be generally similar in the inter-
vention group and the usual-care group at base-
line; availability was low for some key resources

(Table 1). The representativeness of the trial popu-
lation is summarized in Table S1.

OUTCOMES
During the intervention phase, a primary-out-
come event occurred in 1752 of 124,298 women
with live births (1.4%) in the intervention group
and in 2208 of 116,596 (1.9%) in the usual-care
group (risk ratio, 0.68; 95% confidence interval
[CI], 0.55 to 0.83; P<0.001) (Table 2, Fig. 2, and
Table S2). This finding appeared to be generally
consistent between the two countries and across

Table 1. Characteristics of Participating Health Facilities and Resource Availability at Baseline.*

Characteristic

No. of live births

No. of early pregnancy losses

No. of stillbirths

Neonatal death — no./total no. (%)

Vaginal birth — no./total no. (%)

Forceps or vacuum birth — no./total no. (%)
Cesarean section birth — no./total no. (%)

Vaginal breech delivery birth — no./total no. (%)

Born before arrival — no./total no. (%)

Postpartum hemorrhage (>1 liter) — no./total no. (%)
Severe preeclampsia or eclampsia — no./total no. (%)

Median availability of key resources (IQR) — % of weeks

available}
Functioning autoclave
Running water
Thermometers
Blood-pressure devices
Soap
Alcohol-based hand rub
Oxygen concentrators
Bottle or piped oxygen
Intravenous crystalloid fluid
Intravenous cephalosporin
Intravenous metronidazole

Intravenous gentamicin

Intervention
94,730

9,656

2,267
2,334/94,730
67,343/94,730

5)
1,346/94,730

1,346/94,730 (1.
1,259/94,730 (1.
1,680/94,730 (1.

(.

(

(1.

24,154/94,730 (
(

(

(

1,201/94,730 (1.

Se
4)
3)
3)
3)

100 (97.1-100)
83.7 (8.8-97.1)
44.4 (4.0-80.5)
8 (0-16.7)
80.9 (43.8-96.9)
66.1 (31.7-88.9)
54.6 (7.3-83.3)
9 (0-46.9)
84.7 (61.0-95.1)
66.6 (33.3-92.7)
60.6 (36.6-82.4)
72.1 (50.0-82.9)

71.1) 70,512/95,770
2

(2

(

4) (1.
5) 21,205/95,770 (
(

(

(

(

Usual Care
95,770
9,358
2,054

2,456/95,770 (2.6)
73.6)
1,564/95,770 (1.6)
22.1)
1,564/95,770 (1.
1,575/95,770 (1.
1,355/95,770 (1.

2.
6
6
4

1,262/95,770 (1.3

)
)
)
)

100 (96.0-100)
85.4 (35.3-96.9)
19.5 (5.6-71.9)

6 (0-19.5)
71.9 (38.2-94.1)
68.8 (36.1-92.7)
44.4 (2.6-84.4)

0 (0-25.0)

81.6 (50.0-96.9
75.6 (58.8-87.5
63.2 (44.1-81.3
(

)
)
)
65.9 (55.6-93.8)

* A total of 59 facilities underwent randomization, with 30 assigned to the intervention group and 29 to the usual-care
group. Health facilities in the intervention phase implemented the APT-Sepsis intervention. This was a cluster-random-
ized trial with a baseline phase. The characteristics reported here are from the baseline phase, before randomization.

7 Availability of key resources was recorded weekly from key clinical areas as either available, limited, or not available in
each facility. Shown is the median percentage of weeks for which the resource was available in all areas assessed.
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small, medium, and large facilities. The percent- baseline phase, 2.0% in the first month after
age of patients in the intervention group with a completion of the transition phase, and 0.9% in
primary-outcome event progressively decreased the final month of the trial (Fig. 3 and Table S4).
after randomization, from a mean of 2.4% in the There appeared to be a corresponding increase

Table 2. Primary and Secondary Outcomes.*

Risk Ratio or
Intervention Usual Care Mean Difference
Outcome (N=124,298) (N=116,596) (95% CI)y

Primary outcome

Composite of infection-related maternal death; infection-related near- 1752 (1.4) 2208 (1.9) 0.68 (0.55 to 0.83)
miss event; or severe infection-related illness — no. (%)

Components of the primary outcome§

Infection-related maternal death — no. (%) 90 (0.1) 77 (0.1) 0.96 (0.69 to 1.32)
Infection-related near-miss event — no. (%) 119 (0.1) 141 (0.1) 0.82 (0.54 to 1.25)
Deep surgical-site, deep perineal, or body-cavity infection — no. (%) 1672 (1.3) 2102 (1.8) 0.68 (0.55 to 0.84)
Secondary outcomes

Stillbirth — no./total no. (%)9] 2708/127,006 (2.1)  2314/118,910 (1.9)  0.90 (0.73 to 1.10)
Neonatal death — no. (%)]| 2691 (2.2) 2761 (2.4) 0.88 (0.73 to 1.04)
Neonatal death (infection-related) — no. (%) 819 (0.7) 622 (0.5) 0.86 (0.57 to 1.30)
Maternal death (any cause) — no. (%) 288 (0.2) 235 (0.2) 0.96 (0.74 to 1.24)
Maternal near-miss event (any cause) — no. (%) 771 (0.6) 609 (0.5) 0.90 (0.73 to 1.10)
Maternal severe acute respiratory infection — no. (%)** 0 (<0.1) 7 (<0.1) 1.04 (0.45 to 2.39)
Implementation outcomes

Adherence to hand hygiene — % 32.9+19.3 15.1£10.5 14.48 (10.1 to 18.9)
Appropriate cesarean section antibiotic prophylaxis — % 73.7+32.5 57.7+36.4 15.0 (4.0 to 26.0)
Complete vital signs recorded at admission — % 48+29 14.5£19.5 32.4 (24.5 t0 40.4)
Patients with suspected sepsis with complete vital signs recorded — % 59.9+32.6 33.9+39.0 27.7 (15.2t0 40.2)
Patients with suspected sepsis given intravenous fluids within 1 hr — % 32.9+33.6 21.9+24.5 13.4 (4.8 t0 22.0)
Patients with suspected sepsis given antibiotics within 1 hr — % 43.6+37.5 38.4+37.7 2 (-2.7 to 19.0)

=

Plus—minus values are means +SD.

Risk ratios are reported for the primary outcome, the components of the primary outcome, and the secondary outcomes. Risk ratios

were estimated by fitting a mixed-effects logistic regression model, incorporating a constrained baseline analysis, followed by marginal
standardization. Mean differences are reported for the implementation outcomes. The width of the confidence intervals for secondary out-
comes have not been adjusted for multiplicity and should not be used to infer treatment effects.

The primary outcome was a composite of infection-related maternal death, infection-related maternal near-miss event (defined according
to adapted World Health Organization criteria as events in which women survived a life-threatening complication), or severe infection-re-
lated illness (deep surgical-site, deep perineal, or body-cavity infection; defined according to the adapted Centers for Disease Control and
Prevention definition of deep surgical-site infection or body-cavity infection) during pregnancy, childbirth, or within 42 days of pregnancy
ending or at any time up to 28 days of discharge (whichever occurred first). The denominator is live births. The intracluster correlation
coefficient for the primary outcome was 0.004 (95% Cl, 0.003 to 0.005). The cluster autocorrelation for the primary outcome was 0.398.
The intracluster correlation coefficient and cluster autocorrection were estimated by fitting a mixed-effects linear model to the data with
random effects for cluster and for a cluster—period interaction. P<0.001 for the comparison of the intervention with usual care.

A patient could be included in more than one component of the primary outcome but would only have been counted once when the pri-
mary outcome was calculated.

Stillbirth was defined as any death before or during birth after a gestational age of 28 weeks, with gestational age determined by the facility
medical team. The denominator includes live-born and stillborn infants.

Neonatal death was defined as death of a live-born infant within the first 28 completed days of life; only deaths that occurred within the
health facility were reported.

** Maternal severe acute respiratory infection was defined as a death or near-miss event owing to maternal severe acute respiratory infection.

- Implementation outcomes were measured during quarterly site assessment visits, and are reported as a mean proportion of opportunities
or cases in which there was adherence. The unit of analysis was the facility-quarter rather than the patient. Mean differences and 95% con-
fidence intervals are compared between the intervention and usual-care groups.
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Figure 2. Patients with Primary-Outcome Event during the Baseline, Transi-
tion, and Intervention Phases.

The primary outcome was a composite of infection-related maternal death,
infection-related maternal near-miss event (events in which women sur-
vived a life-threatening complication, according to adapted World Health
Organization criteria), or severe infection-related illness (defined as deep
surgical-site, perineal, or body-cavity infection; adapted from Centers for
Disease Control and Prevention definition of deep surgical-site infection
or body-cavity infection) during pregnancy, childbirth, or within 42 days of
pregnancy ending or at any time up to 28 days of discharge (whichever oc-

curred first).

in the size of the effect that was observed from
the first month (risk ratio, 0.92; 95% CI, 0.68 to
1.25) to the final month (risk ratio, 0.53; 95% CI,
0.35 to 0.80) of the intervention phase (Fig. 3).

The results for the individual components
of the primary outcome are shown in Table 2.
The reduction in the risk of the composite pri-
mary outcome appeared to be largely driven by
the incidence of severe infection-related illness,
which occurred in 1.3% of the patients in the
intervention group and in 1.8% of those in the
usual-care group (risk ratio, 0.68; 95% CI, 0.55
to 0.84).

Stillbirths were recorded in 2.1% of the total
births in the intervention group and in 1.9% of
those in the usual-care group (risk ratio, 0.90; 95%
CI, 0.73 to 1.10). Neonatal deaths were recorded
in 2.2% of the infants in the intervention group
and in 2.4% of those in the usual-care group (risk
ratio, 0.88; 95% CI, 0.73 to 1.04); the percentage
of deaths that were determined to be related to
infection was 0.7% and 0.5%, respectively (risk
ratio, 0.86; 95% CI, 0.57 to 1.30) (Table 2).

The intervention was associated with improve-
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ments in the prespecified implementation out-
comes associated with the three goals of the trial,
which were measured during quarterly assess-
ment visits (Table 2). The mean adherence to hand-
hygiene standards (goal 1) was 33% in the inter-
vention group and 15% in the usual-care group
(mean difference, 14%; 95% CI, 10 to 19). Appro-
priate antibiotic prophylaxis was administered be-
fore cesarean section (goal 2) in 74% of the cases
in the intervention group and in 58% of those in
the usual-care groups, respectively (mean differ-
ence, 15%; 95% CI, 4 to 26). Several measures re-
lated to goal 3 also supported the results for the
primary outcome; for example, complete vital
signs were recorded at admission in 48% of the
patients in the intervention group and in 15% of
the patients in the usual-care group (mean differ-
ence, 32%; 95% CI, 25 to 40), and among patients
with suspected sepsis, antibiotics were adminis-
tered within 1 hour in 44% and 38% of the patients
in the intervention and usual-care groups, respec-
tively (mean difference 8%; 95% CI, -3 to 19).

DISCUSSION

In this cluster randomized trial, implementa-
tion of the APT-Sepsis program significantly low-
ered the risk of a composite of infection-related
maternal death, infection-related near-miss event,
or severe infection-related illness than usual
care among women who were pregnant or had
recently been pregnant. This benefit was driven
by the reduction in the risk of deep surgical-site,
perineal, or body-cavity infection with the inter-
vention, was consistent across countries and facil-
ity size, and was sustained throughout the trial.

The scale of the trial, which included govern-
ment and nongovernment facilities of different
sizes, supports the generalizability of the find-
ings to health facilities that provide compre-
hensive obstetrical care. The intervention also
covered the continuum of pregnancy-related in-
fections, including those that occur in early
pregnancy or after an induced or spontaneous
abortion. The intervention involved the provision
of relatively few additional resources beyond what
was generally available within the hospital sys-
tems, which suggests feasibility beyond the trial
setting. For example, minimal equipment was
provided, and site champions were not paid for
this extra role.

The results for the implementation outcomes

NEJM.ORG
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Subgroup Intervention Usual Care Risk Ratio (95% CI)
no. of patients with event/total no. of patients (%)
Country
Malawi 626/63,363 (1.0)  986/70,615 (1.4) —— 0.68 (0.53-0.87)
Uganda 1126/60,935 (1.8)  1222/45,981 (2.7) —— 0.68 (0.52-0.90)
Facility size
Small 335/22,102 (1.5)  507/24,304 (2.1) I 0.63 (0.48-0.82)
Medium 553/39,284 (1.4)  644/30,323 (2.1) — 0.70 (0.52-0.94)
Large 864/62,912 (1.4)  1057/62,239 (1.7) —.— 0.71 (0.49-1.02)
Time point after randomization
Month 1 254/12,703 (2.0) 244/12,118 (2.0) | 0.92 (0.68-1.25)
Month 2 176/12,295 (1.4)  230/12,009 (1.9) — 0.67 (0.51-0.88)
Month 3 174/12,872 (1.4)  240/12,136 (2.0) —_ 0.63 (0.46-0.36)
Month 4 209/12,363 (1.7)  227/11,682 (1.9) —_— 0.78 (0.57-1.06)
Month 5 150/12,664 (1.2)  204/11,696 (1.7) B — 0.60 (0.41-0.88)
Month 6 185/13,026 (1.4)  220/12,285 (1.8) —_ 0.70 (0.49-1.00)
Month 7 170/12,415 (1.4)  226/11,478 (2.0) ] 0.64 (0.45-0.92)
Month 8 178/12,646 (1.4)  225/11,842 (1.9) ——————— 0.68 (0.49-0.94)
Month 9 148/11,848 (1.2)  218/11,116 (2.0) —————— 0.60 (0.44-0.82)
Month 10 108/11,466 (0.9)  174/10,235 (L.7) ————e—ri 0.53 (0.35-0.80)
0?5 1.0 175
Intervention Better Usual Care Better
Figure 3. Prespecified Subgroup Analyses of the Primary Outcome.
The forest plot shows the primary outcome (a composite of infection-related maternal death, infection-related ma-
ternal near-miss event, or severe infection-related illness, assessed among women who were pregnant or had re-
cently been pregnant) in prespecified subgroups based on country, facility size (defined according to small, medi-
um, or large facilities within each country at the point of randomization), and time point after randomization (in
months). The size of each square is proportional to the number of patients in each subgroup. The I bars indicate
95% confidence intervals. The widths of the confidence intervals for these analyses have not been adjusted for mul-
tiplicity and should not be used to infer definitive effects of the intervention.

indicated improvement in the intervention group
with respect to all three program goals. How-
ever, adherence was incomplete; this was not
unexpected given that the program did not ad-
dress broader health system challenges (e.g.,
staffing shortages, inadequate sinks for hand
washing, and limited availability of antibiotics).
The observed clinical benefit despite modest
changes in some implementation measures may
be a result of the simultaneous targeting of mul-
tiple points in the pathway to maternal sepsis
and adverse outcomes.

A recent trial showed that the use of azithro-
mycin prophylaxis before all vaginal births re-
duced the risk of maternal sepsis,? but this
practice has not been routinely implemented ow-
ing to concerns regarding antimicrobial resis-
tance.* The intervention used in this trial reduced
the risk of maternal infection through targeted
use of antibiotics together with nonpharmaco-
logic changes in care.

This trial has several limitations. The multi-
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component nature of the intervention precludes
attribution of the effect to individual elements.
Microbiologic data were not available, so patho-
gen-specific diagnoses and resistance profiling
were not possible. Since the trial staff who iden-
tified the outcomes were aware of the group
assignments, and because there is subjectivity in
identifying the relatedness of the outcomes to
infection, bias is possible. However, clinical out-
comes were identified with the use of objective
criteria, and data were obtained daily by trained
staff who were not involved in implementation.
Identification of outcomes after hospital dis-
charge required that the patient return for care,
so underreporting is possible but unlikely given
the serious nature of these outcomes. Extending
this intervention to other countries and settings
may require partnering with national ministries
of health, as in this trial, to facilitate uptake of
the intervention and to adapt materials and pro-
cesses to ensure they are culturally and con-
textually appropriate. Further work is needed to

NEJM.ORG
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evaluate patient and provider experiences, be-
havior changes, and the cost-effectiveness of the
intervention.

Implementation of the APT-sepsis program
led to a significantly lower risk of a composite
outcome of infection-related maternal death,
infection-related near-miss event, or severe infec-
tion-related illness than usual care.
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