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Abstract

BACKGROUND

Maternal infection and sepsis remain major causes of maternal death and severe
morbidity worldwide, particularly in low- and middle-income countries. Inconsistent
implementation of evidence-based recommendations for infection prevention and
management and delays in detection and treatment of maternal sepsis contribute to
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 supported healthcare providers to achieve three goals; 1) compliance with
the WHO 5 moments of hand hygiene, 2) adoption of evidence-based practices for
maternal infection prevention and management and 3) early detection of sepsis and
use of the FAST-M treatment bundle (fluids, antibiotics, source control, transfer if
required and monitoring). The control group had usual care, with passive guideline
dissemination. The primary outcome was a composite of maternal infection-related
mortality or severe morbidity (infection-related maternal near miss, deep surgical or
perineal site infection, or body-cavity infection) among pregnant or recently pregnant
women.

RESULTS

A total of 59 hospitals across Malawi and Uganda, with 431,394 women giving birth
during the trial, were randomly assigned to intervention (n=30 clusters) or control
groups (n=29). The incidence of maternal infection—related mortality or severe
morbidity was 1.4% in the intervention group and 1.9% 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 across countries and facility size and sustained over time.

CONCLUSIONS
Implementing the APT-Sepsis intervention reduced a composite of maternal
infection-related mortality and severe morbidity, compared to usual care.

(Funded by the Joint Global Health Trials scheme and others; APT-Sepsis ISRCTN
number, ISRCTN42347014.)



Maternal infection is an important cause of maternal morbidity and mortality
worldwide, contributing to as many as half of in-hospital maternal deaths, with the
greatest burden observed in low- and middle-income countries.3 Infections during
and after pregnancy are also associated with long-term morbidity for women and
with adverse perinatal outcomes, such as stillbirth and neonatal death.*® Outcomes

are particularly poor for maternal sepsis.®

Global initiatives have identified the prevention and management of maternal
infection and sepsis as a priority.'%-'3 Several upstream deficiencies in care are
critical contributors to maternal deaths from sepsis, including inconsistent adherence
to infection-prevention practices, inappropriate antibiotic use and delays in the
recognition and treatment of infection and sepsis.®'41® These shortcomings are
compounded by systemic constraints, including inadequate staffing, overcrowded

facilities, and limited supplies of key resources.”- 18

The World Health Organization (WHO) has issued recommendations on adherence
to hand-hygiene standards and evidence-based practices to prevent and treat
maternal infections.'®-2! Yet compliance with these recommendations is
suboptimal.?'* Structured tools and bundles of care have been shown to improve
recognition, timely treatment and outcomes for other obstetric emergencies such as
postpartum hemorrhage, even in resource constrained health facilities.?? Moreover,
sepsis bundles are widely used in high-income countries, particularly in the non-
maternity population.?324 A maternal sepsis bundle has been developed specifically
for low resource settings, but its effect on maternal outcomes has not been

established.?526



The Active Prevention and Treatment of Maternal Sepsis (APT-Sepsis) program was
designed to address these deficiencies through an integrated, facility-level
multicomponent intervention. The program seeks to help health workers achieve
three goals: improved hand-hygiene compliance, improved maternal infection
prevention and management, and early recognition and bundled treatment of sepsis.
25,26 \We conducted a large cluster-randomized trial in Malawi and Uganda to
evaluate whether implementation of the APT-Sepsis program in health facilities

would reduce infection-related maternal mortality and severe morbidity.



Methods

Trial design and oversight

The APT-Sepsis trial was a multi-country, two-arm parallel cluster-randomized trial
with a baseline control phase. The intervention was delivered at the health facility
level (clusters), targeting the behaviors of healthcare providers and systems within

the facilities.

There was a baseline phase of at least 6 months in all participating facilities, during
which they provided usual care. At completion of the baseline phase, facilities were
randomly assigned in a 1:1 ratio to receive the trial intervention or continue providing
usual care for 12 months. A transition period of 3 months allowed for training of
champions and embedding of the intervention into hospital systems; data from this
period were not included in the effectiveness analysis. Malawi sites were randomized
between November 6, 2023 and January 8, 2024, and Uganda sites between

January 8, 2024 and March 4, 2024.

A minimization algorithm generated by an independent statistician was used to
ensure balance between facilities allocated to the intervention and control groups
within each country. Minimization factors were the number of live births per cluster
per week (categorized in tertiles) and the proportion of births with the composite
primary outcome (categorized by median split) during the baseline phase. Facilities
were allocated sequentially. A random element was incorporated so each facility was
given the allocation that would minimize the imbalance with 90% probability, or the
other allocation with 10% probability. A mixed-methods process evaluation explored
additional implementation outcomes of acceptability, feasibility, 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 Committee in Malawi, the
Infectious Diseases Institute Research Ethics Committee and Uganda National
Council for Science and Technology in Uganda. Patients were not individually
consented as the intervention was delivered to healthcare providers, and the
components were considered best practice. Agreement for participation was

obtained at a national and facility level.

Trial oversight and monitoring were provided by a trial steering committee and an
independent data monitoring committee. Patient and Public Involvement groups
provided advice on trial design and materials, how best to engage the public and on
study-related messaging. The first and last author, and the trial statisticians from the
Liverpool Clinical Trials Centre vouch for the accuracy and completeness 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, with at least 1500 births per year, providing
comprehensive obstetric care (able to perform cesarean births and provide blood
transfusions) were eligible. Participation was subject to a trial-specific readiness
assessment process, that ensured the availability of basic site prerequisites such as
a water supply and electricity. Facilities were widely spread geographically in both

countries.

APT-Sepsis intervention and usual care



APT-Sepsis is a multi-component intervention delivered as an integrated program
(Figure 1), aiming to help providers achieve three goals: 1) perform hand-hygiene
according to the WHO 5 moments of hand hygiene approach, with the correct
technique,'® 2) follow WHO recommendations on infection prevention and
management during and after pregnancy, including 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 prior to cesarean
surgery,?® and 3) detect sepsis early and initiate the FAST-M treatment bundle
(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) when
sepsis is suspected. A standardized observation chart that provided clear thresholds
for triggering the bundle was used for all patients in the intervention facilities.
Intervention components were derived using an iterative process of evidence
synthesis, international expert consensus and optimization through multi-site pilot

studies and mixed-methods evaluation.25-27

Implementation strategies were developed from a behavior change perspective?®
and include the following key components: hospital leadership engagement; program
champions selected from existing facility staff; multi-disciplinary training with
comprehensive training materials; implementation tools (eg FAST-M checklist); and
performance feedback with dashboards and quarterly visits (Figure 1; details in the
Supplementary Appendix). Key resources such as antibiotics were obtained by both
the intervention and control sites through their usual procurement pathways.
Additional soap and alcohol hand rub were provided to intervention group facilities if

needed. A small number of thermometers and blood pressure machines were also



supplied on one occasion to any site if not adequate at the site readiness

assessment.

The control facilities 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 program (passive guideline
dissemination). After the study ended, the APT-Sepsis intervention was rolled out to

all the sites that had been allocated to usual care.

Outcome measures

The primary outcome was infection-related maternal death or severe morbidity. This
was defined as a composite of infection-related maternal mortality, infection-related
maternal “near-miss” events, and severe infection (deep surgical-site, deep perineal
or body-cavity infection) during pregnancy, childbirth or within 42 days of pregnancy
ending, at any time up to 28 days of discharge (whichever occurred first). Outcome
definitions are provided in the Supplementary appendix. WHO criteria for near-miss
were modified to ensure ascertainment would not be influenced by the intervention.
Modified CDC criteria were used to define deep surgical site infection, deep
perineal/labial/vaginal tear infection, and reproductive tract or body cavity infection
within 30 days after the procedure or birth. For maternal mortality and near-miss
events, attribution to maternal infection was assessed based on review of the full
clinical record by the site-based clinical data collector and by the central country
clinical team. If there was discordance in assessments, or if uncertainty in the
causation was recorded by either group, the case was adjudicated by a separate

case classification committee blinded to site allocation.



Secondary outcomes included: individual components of the primary composite
outcome; stillbirth; early neonatal death (infection-related and total); maternal
mortality (any cause); maternal near-miss (any cause); and maternal severe acute
respiratory infections. Clinical outcomes were recorded by study staff, independent
of the implementation team. Clinical areas were monitored at each site and
objective, structured reporting conducted daily in the baseline and post-
randomization phases; identification of outcomes involved active case finding, chart

review and site records assessment.

Additional secondary outcomes, related to Implementation, included: compliance
with hand hygiene; correct antibiotic prophylaxis at cesarean section; complete vital
sign recording; and compliance with maternal sepsis management bundle. These
were measured quarterly during the intervention phase in both intervention and usual

care facilities.

Statistical analysis

We calculated that at least 60 clusters (a minimum of 30 in Malawi and 30 in
Uganda) would be required for the trial to have 95% power, with 2 sided p < 0.05, to
detect a 25% relative reduction in the composite primary outcome from 3% to 2.25%.
This calculation adjusted for clustering, (assuming an intra-cluster correlation (ICC)
of 0.03 (range: 0.001 to 0.05) and variation in clustering over time, assuming a
cluster autocorrelation of 0.97 (range: 0.9 to 1.0). The original sample size
calculations were based on an intervention period of 20 months. A pre-specified re-
estimation of the sample size was conducted once the intra-cluster correlation,
baseline event rate and number of participants per cluster was known from the

baseline phase. This demonstrated an ICC of 0.02 and a larger than expected



number of participants per cluster. Based on these findings, shortening the

intervention was expected to have minimal effect on power, and the independent
data monitoring committee and trial steering committee recommended a revised
intervention period of 12 months. A full sample-size justification is provided in the

trial protocol.

All analyses were performed according to the intention-to-treat principle. There were

no interim analyses during the trial.

In the primary analysis, we used generalized linear mixed effects models
incorporating a constrained baseline approach. For this, both baseline and post-
randomization timepoints were included as outcomes, but the treatment effect was
constrained to be zero in the baseline phase. We used 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 (proportion of births with the
composite primary outcome) was not included as it was already in the model as the

outcome variable.

We analyzed the treatment effect on the primary outcome in prespecified subgroups,
according to country, facility size, and months post-implementation. Subgroup
analyses were carried out by including a treatment group by subgroup interaction
parameter in the regression model and reporting adjusted treatment effects with 95%

confidence intervals [CI].

Secondary outcomes were analyzed using the same methods as the primary

outcome. Implementation outcomes from the quarterly visits in each facility were



analyzed using mixed effect repeated measures linear regression with country and
facility size included as covariates. There was no prespecified plan to adjust for
multiplicity in tests of secondary outcomes. The widths of the 95% confidence
intervals around point estimates have not been adjusted for multiplicity and should

not be used to infer definitive treatment effects.



Results

Hospital and participant characteristics

A total of 83 health facilities were identified and underwent initial assessment for
eligibility (Fig. S1). Of these, 33 facilities in Malawi and 38 facilities in Uganda
proceeded to a readiness assessment and baseline data collection. Three facilities in
Malawi and nine in Uganda were then excluded for the following reasons: they did
not manage patients with severe infections or sepsis within the facility, they no
longer met the eligibility criteria or, in Malawi, the maximum number of facilities were

already included (Fig. S1).

A total of 59 facilities underwent randomization, with 30 assigned to the intervention
group (15 in Malawi and 15 in Uganda) and 29 to usual care (15 and 14,
respectively). Following randomization, all sites received the planned intervention,
and completed the study. There were a total of 431,394 women with live births
during the study (190,500 in the baseline phase and 240,894 in the intervention

phase, Table 1.)

Facility characteristics and resource availability appeared generally similar between
intervention and control groups at baseline; availability was low for some key
resources. (Table 1). Table S1 summarizes the representativeness of the study

population.

Outcomes



The primary outcome occurred in 1752 of 124,298 women (1.4%) in the intervention
group and in 2208 of 116,596 (1.9%) in the usual care group (risk ratio, 0.68; 95%
Cl, 0.55 to 0.83; P<0.001) (Table 2 and S2). This effect appeared generally
consistent between countries (Fig. 3 and Table S4) and across small, medium and
large facilities. The incidence of the primary outcome in the intervention group
progressively decreased following randomization, with a mean rate of 2.4% at
baseline, 2% in the first month following implementation and completion of the
transition phase, and 0.9% in the final month of the study. The effect size
correspondingly increased from the first month (risk ratio, 0.92; 95% ClI, 0.68 to 1.25)
to the final month of the intervention phase (risk ratio, 0.53; 95% ClI, 0.35 to 0.80)

(Fig. 3, and Table S4).

Components of the primary outcome are shown in Table 2. The reduction in the
primary composite outcome appeared largely driven by the effect of the intervention
on severe infection-related morbidity (incidence 1.35% in the intervention group and

1.80% in the usual care group; risk ratio, 0.68; 95% CI, 0.55 to 0.84).

Stillbirth was recorded in 2.13% of total births in the intervention group and 1.95% in
the usual care group (risk ratio, 0.90; 95% CI, 0.73 to 1.10) Neonatal deaths were
recorded in 2.16% and 2.37%, respectively (risk ratio, 0.88; 95% CI, 0.73 to 1.04);
these were attributable to infection in 0.66% and 0.53%, respectively (risk ratio,

0.86; 95% Cl, 0.57 to 1.30)(Tables 2 and S2).

The intervention was associated with improvements in the prespecified
implementation outcomes targeted to the three goals of the intervention (Table 2).
Mean hand hygiene compliance (Goal 1) was 33% in the intervention sites compared

to 15% in the usual care sites (mean difference 14%; 95% CI 10% to 19%).



Appropriate antibiotic prophylaxis was appropriately administered prior to cesarean
section (Goal 2) in 74% and 58% of patients, respectively (mean difference 15%;
95% CIl 4% to 26%). Several measures related to Goal 3 also supported primary
outcomes findings; for example, complete observations at admission in 48% vs 15%,
respectively (mean difference 32%; 95% CIl 25% to 40%) and, among patients with
suspected sepsis, antibiotics administered within 1 hour in 44% vs 38%, respectively

(mean difference 8%; 95% CI -3% to 19%).



Discussion

In this cluster randomized trial, implementation of the Active Prevention and
Treatment of Maternal Sepsis (APT-Sepsis) program resulted in a significant
reduction in infection-related maternal mortality or severe morbidity compared to
usual care in pregnant or recently pregnant women. This benefit was driven by the
reduction in deep surgical or perineal site, or body cavity infection with the
intervention, was consistent across countries and facility size, and was sustained

throughout the trial.

The scale of the trial, including government and non-government facilities of different
sizes, supports the generalizability of the findings to health facilities providing
comprehensive obstetric care. The intervention also covered the continuum of
pregnancy-related infections, including in early pregnancy or following abortions. The
intervention involved the provision of relatively few additional resources beyond what
was generally available within the hospital systems, suggesting feasibility beyond the
trial setting. For example, minimal equipment was provided, and site champions

were not paid for this extra role.

Results for implementation outcomes suggested improvement at intervention sites
across all three program goals. However, adherence was incomplete; this was not
unexpected given that the program did not address broader health system
challenges (eg staffing shortages, inadequate sinks for handwashing, limited
antibiotic availability). The observed clinical benefit despite modest changes in some
implementation measures may reflect the simultaneous targeting of multiple points in

the pathway to maternal sepsis and adverse outcomes.



A recent trial demonstrated that azithromycin prophylaxis before all vaginal births
reduced maternal sepsis,?® but this practice has not been routinely implemented
owing to concerns regarding antimicrobial resistance.3® Our intervention reduced
maternal infection with targeted use of antibiotics together with non-pharmacological

changes in care.

The trial has several limitations. The multicomponent nature of the intervention
precludes attribution of the effect to individual elements. Microbiological data were
not available, preventing pathogen-specific diagnosis or resistance profiling. As
study staff identifying outcomes were not blinded to group allocation, and there is
subjectivity in identifying the relatedness of outcomes to infection, bias is possible.
However, clinical outcomes were identified using objective criteria and collected daily
by trained staff not involved in implementation. ldentification of outcomes after
hospital discharge required that the patient return for care, so underreporting is
possible, but less likely given the serious nature of these outcomes. Extending this
intervention to other countries and setting may require partnering with national
ministries of health, as we did, to facilitate uptake of the intervention, and adapting
materials and processes to ensure they are culturally and contextually appropriate.
Further work is needed to evaluate patient and provider experience, behavior

changes and cost-effectiveness of the intervention.

In summary, implementation of the APT-sepsis program substantially reduced the

risk of the primary outcome of infection-related mortality and severe morbidity.

Disclosure forms provided by the authors are available with the full text of this article

at NEJM.org.



Sources of support for the study:

This project is supported by the Joint Global Health Scheme with funding from the
UK Foreign, Commonwealth and Development Office, the UK Medical Research
Council (MRC), The UK Department of Health and Social Care through the National
Institute of Health Research (NIHR) and Wellcome (Grant ref: MRV005782/1) and
HRP (UNDP/UNFPA/UNICEF/WHO/World Bank Special Programme of Research,
Development and Research Training in Human Reproduction), and sponsored by
University of Liverpool (UK). Professor David Lissauer, NIHR Global Health
Research Professor in Maternal and Fetal Health, is funded by the NIHR for this
research project. The views expressed in the publication are those of the authors
and not necessarily those of the NIHR, NHS, or the UK Department of Health and
Social Care. The FAST-M bundle was developed with support from MSD, through
MSD for Mothers, an initiative of Merck & Co., Inc., Rahway, NJ, U.S.A.



References

. Cresswell JA, Alexander M, Chong MYC, et al. Global and regional causes of
maternal deaths, 2009-20: a WHO systematic analysis. Lancet Glob Health
2025;13:626-e634.

. Rudd KE, Johnson SC, Agesa KM, et al. Global, regional, and national sepsis
incidence and mortality, 1990-2017: analysis for the Global Burden of Disease
Study. Lancet 2020;395:200-11.

. Bonet M, Brizuela V, Abalos E, et al. Frequency and management of maternal
infection in health facilities in 52 countries (GLOSS): a 1-week inception cohort
study. Lancet Glob Health 2020;8:661-e671.

. James SL, Abate D, Abate KH, et al. Global, regional, and national incidence,
prevalence, and years lived with disability for 354 diseases and injuries for 195
countries and territories, 1990-2017: a systematic analysis for the Global Burden
of Disease Study 2017. Lancet 2018;392:1789-858.

. Woodd SL, Montoya A, Barreix M, et al. Incidence of maternal peripartum
infection: a systematic review and meta-analysis. PLoS Med 2019;16:1002984.
. Firoz T, Trigo Romero CL, Leung C, Souza JP, Tuncalp O. Global and regional
estimates of maternal near miss: a systematic review, meta-analysis, and
experiences with application. BMJ Glob Health 2022;7:e007077.

. Baguiya A, Bonet M, Cecatti JG, et al. Perinatal outcomes among births to women
with infection during pregnancy. Arch Dis Child 2021;106:946-53.

. Vogel J, Souza J, Mori R, et al. Maternal complications and perinatal mortality:
findings of the World Health Organization Multicountry Survey on Maternal and

Newborn Health. BJOG 2014;121(Suppl 1):76-88.



9. World Health Organization. Statement on maternal sepsis. Geneva: World Health
Organization; 2017. (https://www.who.int/publications/i/item/WHO-RHR-17.02).

10.Global Maternal and Neonatal Sepsis Initiative Working Group. The Global
Maternal and Neonatal Sepsis Initiative: a call for collaboration and action by
2030. Lancet Glob Health 2017;5:€390-e391.

11.Global Sepsis Alliance. 2030 global agenda for sepsis. Berlin: Global Sepsis
Alliance; 2024.
(https://static1.squarespace.com/static/58a7025b8419¢215b30b2df3/t/67d1879b8
dbfb06f8c3be697/1741784989573/2030_Global_Agenda_for_Sepsis_Online.pdf).

12.World Health Assembly. Improving the prevention, diagnosis, and clinical
management of sepsis. Geneva: World Health Organization; 2017.
(https://apps.who.int/gb/ebwha/pdf_files/WHA70/A70_R7-en.pdf).

13.World Health Assembly. Accelerate progress towards reducing maternal,
newborn, and child mortality in order to achieve Sustainable Development Goal
targets 3.1 and 3.2. Geneva: World Health Organization; 2024.
(https://apps.who.int/gb/ebwha/pdf_files/WHA77/A77_ACONF5-en.pdf).

14.Gon G, de Barra M, Dansero L, Nash S, Campbell OMR. Birth attendants' hand
hygiene compliance in health care facilities in low- and middle-income countries: a
systematic review. BMC Health Serv Res 2020;20:1116.

15.Kodan LR, Verschueren KJC, Kanhai HHH, van Roosmalen JJM, Bloemenkamp
KWM, Rijken MJ. The golden hour of sepsis: an in-depth analysis of sepsis-
related maternal mortality in middle-income country Suriname. PLoS One
2018;13:e0200281.

16.Cebekhulu S, Cornelissen L, Pattinson R. Too little, too late: the recurrent theme

in maternal deaths due to sepsis. Obstet Gynaecol Forum 2018;28:9-12.



17.Brizuela V, Cuesta C, Bartolelli G, et al. Availability of facility resources and
services and infection-related maternal outcomes in the WHO Global Maternal
Sepsis Study: a cross-sectional study. Lancet Glob Health 2021;9:e1252-e1261.

18.Abdu M, Wilson A, Mhango C, Taki F, Coomarasamy A, Lissauer D. Resource
availability for the management of maternal sepsis in Malawi, other low-income
countries, and lower-middle-income countries. Int J Gynaecol Obstet
2018;140:175-83.

19.World Health Organization; WHO Patient Safety. WHO guidelines on hand
hygiene in health care. Geneva: World Health Organization; 2009.
(https://iris.who.int/handle/10665/44102).

20.World Health Organization. WHO recommendations for the prevention and
treatment of maternal peripartum infections. Geneva: World Health Organization;
2015. (https://iris.who.int/handle/10665/186171).

21.World Health Organization. Abortion care guideline. 2nd ed. Geneva: World
Health Organization; 2024. (https://iris.who.int/handle/10665/382157).

22.Gallos I, Devall A, Martin J, et al. Randomized trial of early detection and
treatment of postpartum hemorrhage. N Engl J Med 2023;389:11-21.

23.Evans L, Rhodes A, Alhazzani W, et al. Surviving sepsis campaign: international
guidelines for management of sepsis and septic shock, 2021. Intensive Care Med
2021;47:1181-247.

24 Lissauer D, Morgan M, Banerjee A, Plaat F, Pasupathy D; Royal College of
Obstetricians and Gynaecologists. Identification and management of maternal

sepsis during and following pregnancy. BJOG 2025;132:e61-e85.



25.Cheshire J, Jones L, Munthali L, et al. The FAST-M complex intervention for the
detection and management of maternal sepsis in low-resource settings: a multi-
site evaluation. BJOG 2021;128:1324-33.

26.Lissauer D, Cheshire J, Dunlop C, et al. Development of the FAST-M maternal
sepsis bundle for use in low-resource settings: a modified Delphi process. BJOG
2020;127:416-23.

27.Dunlop C, Kilpatrick C, Jones L, et al. Adapting the WHO hand hygiene
‘reminders in the workplace” to improve acceptability for health care workers in
maternity settings worldwide: a mixed-methods study. BMJ Open
2024;14:e083132.

28.Michie S, van Stralen MM, West R. The behaviour change wheel: a new method
for characterising and designing behaviour change interventions. Implement Sci
2011;6:42.

29.Tita ATN, Carlo WA, McClure EM, et al. Azithromycin to Prevent Sepsis or Death
in Women Planning a Vaginal Birth. N Engl J Med 2023;388:1161-1170.

30.WHO recommendation on antibiotic prophylaxis during labour for vaginal birth.

Geneva: World Health Organization; 2025.



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

This multi-component intervention enabled healthcare workers to meet 3 goals, with
implementation supported by a strategy designed to promote behavioural change.

*Healthcare workers should handwash with soap or cleanse with alcohol based handrub their
hands: 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
or newborn’s surroundings. Effective technique is required including appropriate glove use.

T Use antibiotic prophylaxis in: preterm-prelabour rupture of membranes, manual removal of
the placenta, abortion or miscarriage surgery, operative vaginal birth, 3 or 4th degree tears and
prior to caesarean section.

Antibiotic prophylaxis should not be used in: uncomplicated pregnancy or birth, pre-term
labour with intact membranes, meconium stained amniotic fluid, episiotomy. Caesarean
section: Use antiseptic solution for preparing skin and vagina.

T Detect sepsis early: Maternal vital signs measured at least daily. Recorded on colour coded
early warning chart. Red flag abnormalities + infection triggers use of the FAST-M bundle. FAST-
M bundle: To be completed within 1 hour. Fluids - 500ml crystalloid bolus, repeated if
hypotension persists. Antibiotics - According to source or if unknown ceftriaxone 2g IV OD and
metronidazole 500mg IV TDS (or 400mg PO TDS) with additional singe dose gentamicin 5mg/kg
IV if haemodynamically unstable. Source: Identify and remove/treat the source Transfer:
Transfer if required to a different hospital or location that can provide higher level of care.
Monitoring: Repeat maternal observation every 30 minutes until stable, neonatal monitoring
and review if required.

Figure 2. Patients with the Primary Outcome during the Baseline, Transition and
Implementation periods.

The primary outcome was a composite of maternal infection-related mortality or severe
morbidity (infection-related maternal near miss, deep surgical or perineal site infection, or
body-cavity infection) among pregnant or recently pregnant women. The transition phase, a 3
month period involving training of champions and embedding of the intervention into hospital
systems, was not included in the analysis.

Figure 3. Primary Outcome According to Prespecified Subgroups.

Shown are forest plots of the risk ratios for the primary outcome; a composite of maternal
infection-related mortality or severe morbidity (infection-related maternal near miss, deep
surgical or perineal site infection, or body-cavity infection) among pregnant or recently pregnant
women, according to prespecified subgroups. These were country, facility size that was
defined by tertile at the point of randomization, within each country and time point in months
post randomization. The size of the square represents the relative numbers in each subgroup,
with bars representing 95% confidence intervals. The width of the confidence intervals for the
subgroup analysis have not been adjusted for multiplicity and cannot be used to infer treatment
effects.






Table 1. Characteristics of participating facilities and resource availability at baseline*

Characteristic

Live births — no.
Early pregnancy loss — no.
Stillbirths — no.
Neonatal deaths — no. (%)
Vaginal births — no. (%)t
Forceps or vacuum births — no. (%)t
Cesarean section births — no. (%)t
Vaginal breech delivery births — no.
(%)t
Born before arrival — no. (%)t
Postpartum hemorrhage (>1 liter) - no.
(%)t
Severe pre-eclampsia or eclampsia -
no. (%)t
Median availability of key resources - %
of weeks where available (LQ-UQ)

Functioning autoclavet

Running watert

Thermometerst

Blood pressure devicest

Soapt

Alcohol based hand rubt

Oxygen concentratorst

Bottle or piped oxygent

IV fluids (crystalloid)

IV Cephalosporint

IV Metronidazolet

IV Gentamycint

Intervention
(30 clusters)
94,730

9,656

2,267

2,334 (2.5)
67,343 (71.1)
1,346 (1.4)
24,154 (25.5)
1,346 (1.4)

1259 (1.4)
1,680 (1.8)

1,201 (1.3)

100 (97.1-100)
83.7 (8.8-97.1)
44.4 (4.0-80.5)
6.8 (0-16.7)
80.9 (43.8-96.9)
66.1(31.7-88.9)
54.6 (7.3-83.3)
9.9 (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)

Usual Care
(29 clusters)
95,770

9,358

2,054

2,456 (2.6)
70,512 (73.6)
1,564 (1.6)
21,205 (22.1)
1,564 (1.6)

1575 (1.6)
1,355 (1.4)

1,262 (1.3)

100 (96.0-100)
85.4 (35.3-96.9)
19.5 (5.6-71.9)
2.6 (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)

*Hospitals in the intervention phase implemented the APT-Sepsis intervention. This
was a cluster randomised trial with baseline phase. The characteristics reported here
are from the baseline phase, prior to randomization. LQ denotes lower quartile. UQ denotes

upper quartile. IV denotes intravenous.

tPercentages were calculated from the number of live births.

tAvailability of key resources were recorded weekly from key clinical areas as either
available, limited or not available, in each facility. Here the median percentage of
weeks for which the resource was available in all areas assessed is reported.



Table 2. Primary and secondary outcomes.*

Intervention Usual Care Risk Ratio or
(N=124,298) (N=116,596) Mean Difference
Outcome (95% Cl)
Primary outcome Risk Ratio
(95% ClI)

Composite of infection-related maternal
mortality, or infection-related near-miss, or
deep surgical/perineal site infection or body

cavity infection. (%)t

1752/124,298 (1.4)

2208/116,596 (1.9)

0.68 (0.55 t0 0.83) #

Components of the primary outcome$§

Infection-related maternal mortality

90/124,298 (0.07)

77/116,596 (0.07)

0.96 (0.69 to 1.32)

Infection-related near-miss

119/124,298 (0.10)

141/116,596 (0.12)

0.82(0.54 to 1.25)

Deep surgical/perineal site infection or body
cavity infection

1672/124,298 (1.35)

2102/116,596 (1.80)

0.68 (0.55 to 0.84)

Secondary outcomes

StillbirthY

2708/127,006 (2.13)

2314/118,910 (1.95)

0.90(0.73t0 1.10

Neonatal deathl]|

2691/124,298 (2.16)

2761/116,596 (2.37)

0.88(0.73t0 1.04

Neonatal death (infection-related)

819/124,298 (0.66)

622/116,596 (0.53)

Maternal mortality (any cause)

235/116,596 (0.20)

Maternal near miss (any cause)

(
288/124,298 (0.23)
771/124,298 (0.62)

609/116,596 (0.52)

(
(
0.86 (0.57t0 1.30
(
(

0.90(0.73t0 1.10

Maternal severe acute respiratory infection~

10/124,298 (0.01)

7/116596 (0.01)

)
)
)
0.96 (0.74 to 1.24)
)
)

1.04 (0.45t02.39

Implementation outcomes#

Mean Difference
(95% ClI)

Hand hygiene compliance — mean % (SD) 32.9(19.3) 15.1(10.5) 14.48 (10.1t0 18.9)
Correct cesarean section antibiotic 73.7 (32.5) 57.7 (36.4) 15.0 (4.0 to0 26.0)
prophylaxis — mean % (SD)

Complete vital signs recorded at admission — 48 (29) 14.5(19.5) 32.4(24.51t040.4)
mean % (SD)

Patients with suspected sepsis with 59.9(32.6) 33.9(39.0) 27.7(15.21040.2)
complete vital signs recorded — mean % (SD)

Patients with suspected sepsis given IV fluids 32.9 (33.6) 21.9(24.5) 13.4 (4.8 10 22.0)
within 1 hour - mean % (SD)

Patients with suspected sepsis given 43.6 (37.5) 38.4(37.7) 8.2(-2.7t019.0)

antibiotics within 1 hour — mean % (SD)

*The width of the confidence intervals for secondary outcomes have not been adjusted for multiplicity
and should not be used to infer treatment effects.

tThe primary outcome was infection-related maternal death or severe morbidity. This was defined as a
composite of infection-related maternal mortality, infection-related maternal near-miss (adapted WHO
criteria) and severe infection-related morbidity (adapted CDC definition of deep surgical site infection or
body cavity infection) during pregnancy, childbirth or within 42 days of pregnancy ending, at any time up
to 28 days of discharge (whichever occurred first). The denominator is live births. The intracluster
correlation for the primary outcome was 0.004 (95% CI, 0.003 to 0.005). The cluster auto-correlation for
the primary outcome was 0.398. These were estimated by fitting a mixed-effects linear effects model to
the data with random effects for cluster and for a cluster-period interaction.

1 P<0.001

§ An individual could be included in more than one component of the primary outcome, but would only
have been counted once when the primary outcome was calculated

9 A baby that died before of during birth after a gestational age of 28 weeks, with gestational age as
determined by the facility medical team. The denominator includes livebirths and stillbirths.



||Death of a live-born infant within the first 28 completed days of life, only deaths occurring within the
health facility were reported.

~ Defined as deaths or near miss events due 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 compliance. The unit of analysis was the
facility-quarter rather than the participant. Mean differences and 95% confidence intervals are compared
between intervention and control.



@m Active Prevention and Treatment of Maternal Sepsis Program
ST TR (APT-Sepsis)

Goal 1: Goal 2: Infection Goal 3: Sepsis
Hand Hygiene Prevention and Detection and
Treatment Management
Adhere to WHO 5 moments of Use antibiotics for prophylaxis Early sepsis detection: A
hand hygiene* and treatment as structured early warning chartt
recommended by the WHOT FAST-M bundle: Use bundled
Correct hand hygiene treatment for sepsis with fluids,
technique* Wash the skin and vagina with antibiotics, source
antiseptic prior to caesarean identification and control,
sectiont transfer and monitoring}

Implementation strategies

Hospital leadership engagement: Facility onboarding with leadership engagement

Champions: Selected from facility staff to include roles from clinical, management, pharmacy and
locations such as wards, delivery suite and theatres.

Multi-professional training and mentorship: Champions trained to then co-deliver facility training (2
days) and provide ongoing staff mentorship. Training and mentorship supported by manuals,
flipcharts, presentations, videos and handwash and vaginal preparation practice equipment.
Implementation tools: 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 alcoholbased handrub provided if required.

Dashboards and feedback visits: Dashboards demonstrating site performance and outcomes,
quarterly site visits by hub team for supportive review.

Figure 1. The Active Prevention and Treatment of Maternal Sepsis (APT-Sepsis) Intervention
This multi-componentintervention enabled healthcare workers to meet 3 goals, with implementation
supported by a strategy designed to promote behavioural change.

*Healthcare workers should handwash with soap or cleanse with alcohol based handrub their hands: 1) Before
touching the woman or newborn, 2) Before a clean or aseptic procedure, 3) After body fluid exposure risk, 4)
After touching awoman or newborn, 5) After touching a woman or newborn’s surroundings. Effective technique
isrequired including appropriate glove use.

T Use antibiotic prophylaxis in: preterm-prelabour rupture of membranes, manual removal of the placenta,
abortion or miscarriage surgery, operative vaginal birth, 3'4 or 4th degree tears and prior to caesarean section.
Antibiotic prophylaxis should not be used in: uncomplicated pregnancy or birth, pre-term labour with intact
membranes, meconium stained amniotic fluid, episiotomy. Caesarean section: Use antiseptic solution for
preparing skin and vagina.

1 Detect sepsis early: Maternal vital sighs measured at least daily. Recorded on colour coded early warning
chart. Red flag abnormalities +infection triggers use of the FAST-M bundle. FAST-M bundle: To be completed
within 1 hour. Fluids - 500ml crystalloid bolus, repeated if hypotension persists. Antibiotics - According to
source or if unknown ceftriaxone 2g IV OD and metronidazole 500mg IV TDS (or 400mg PO TDS) with additional
singe dose gentamicin 5mg/kg IV if haemodynamically unstable. Source: Identify and remove/treat the source
Transfer: Transfer if required to a different hospital or location that can provide higher level of care. Monitoring:
Repeat maternal observation every 30 minutes until stable, neonatal monitoring and review if required.




Composite primary outcome (%)

4 -
3 -
2 -
1 -
0 - Pre-randomisation Transition Post-randomisation
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APT-Sepsis Usual Care

Subgroup no. of patients with event/  no. of patients with event/ Risk Ratio (95% ClI)
total no. of patients (%) total no. of patients (%)
Country
Malawi 626/63363 (1.0) 986/70615 (1.4) —— 0.68 (0.53, 0.87)
Uganda 1126/60935 (1.8) 1222/45981 (2.7) |—.—| 0.68 (0.52, 0.90)
Facility Size
Small 335/22102 (1.5) 507/24304 (2.1) |—'—| 0.63 (0.48, 0.82)
Medium 553/39284 (1.4) 644/30323 (2.1) |—.—| 0.70 (0.52, 0.94)
Large 864/62912 (1.4) 1057/62239 (1.7) | L i 0.71(0.49, 1.02)
Time Post randomization
Month 1 254/12703 (2.0) 244/12118 (2.0) |—'——| 0.92 (0.68, 1.25)
Month 2 176/12295 (1.4) 230/12009 (1.9) |—'—| 0.67 (0.51, 0.88)
Month 3 174/12872 (1.4) 240/12136 (2.0) |—'—| 0.63 (0.46, 0.86)
Month 4 209/12363 (1.7) 227/11682 (1.9) |—'——| 0.78 (0.57, 1.06)
Month 5 150/12664 (1.2) 204/11696 (1.7) : : 0.60 (0.41, 0.88)
Month 6 185/13026 (1.4) 220/12285 (1.8) : 0.70 (0.49, 1.00)
Month 7 170/12415 (1.4) 226/11478 (2.0) : : 0.64 (0.45, 0.92)
Month 8 178/12646 (1.4) 225/11842 (1.9) : : 0.68 (0.49, 0.94)
Month 9 148/11848 (1.2) 218/11116 (2.0) |—'—| 0.60 (0.44, 0.82)
Month 10 108/11466 (0.9) 174/10235 (1.7) : : 0.53 (0.35, 0.80)
1 1
0.5 1 1.5

APT-Sepsis Better Usual Care Better
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