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Abstract

Background: Postpartum sepsis accounts for most maternal deaths between three and seven days postpartum,
when most mothers, even those who deliver in facilities, are at home. Case fatality rates for untreated women
are very high. Newborns of ill women have substantially higher infection risk.

Methods/Design: The objectives of this study are to: (1) create, field-test and validate a tool for community health
workers to improve diagnostic accuracy of suspected puerperal sepsis; (2) measure incidence and identify associated
risk factors and; (3) describe etiologic agents responsible and antibacterial susceptibility patterns. This prospective
cohort study builds on the Aetiology of Neonatal Infection in South Asia study in three sites: Sylhet, Bangladesh and
Karachi and Matiari, Pakistan. Formative research determined local knowledge of symptoms and signs of postpartum
sepsis, and a systematic literature review was conducted to design a diagnostic tool for community health
workers to use during ten postpartum home visits. Suspected postpartum sepsis cases were referred to study
physicians for independent assessment, which permitted validation of the tool. Clinical specimens, including
urine, blood, and endometrial material, were collected for etiologic assessment and antibiotic sensitivity.
All women with puerperal sepsis were given appropriate antibiotics.

Discussion: This is the first large population-based study to expand community-based surveillance for diagnoses,
referral and treatment of newborn sepsis to include maternal postpartum sepsis. Study activities will lead to
development and validation of a diagnostic tool for use by community health workers in resource-poor countries.
Understanding the epidemiology and microbiology of postpartum sepsis will inform prevention and treatment
strategies and improve understanding of linkages between maternal and neonatal infections.
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Background
In 2013, over 30,000 maternal deaths (11 %) were attrib-
uted to postpartum sepsis, the third most frequent cause
of the approximately 290,000 maternal deaths worldwide
[1, 2]. Very nearly all these deaths occurred in low-
resource settings. The region with the greatest proportion
of maternal deaths due to sepsis was South Asia (14 %)
[3]. Postpartum sepsis is highly preventable through
interventions that are readily available and relatively low-
cost. Historical data demonstrates a pronounced fall in
maternal mortality in developed countries in the mid-20th
century; a substantial proportion of this decline was attrib-
uted to the prevention and appropriate treatment of
maternal infections and sepsis [4]. Before antibiotics and
etiologic studies, case fatality rates exceeded 20 % [5, 6].
Where appropriate antibiotic treatment is available [7],
case fatality rates as low as 2 % are attainable [8].
Sepsis morbidity rates are 20-fold higher than mortality

rates, with complications including septicemia, shock,
peritonitis, or abscess formation requiring surgery [9, 10].
Long-term consequences, especially with delayed or
incomplete treatment, include chronic pelvic inflamma-
tory disease and bilateral tubal occlusion leading to
compromised future fertility [11]. Further, there is ser-
ious risk for infections transmitted to newborns either
vertically during the antepartum period or by direct
contact during delivery [9, 10].
The incidence of postpartum (PP) sepsis varies world-

wide, with reports between 2–10 % and varies by risk fac-
tors which include location of delivery (facility vs. home),
low socioeconomic status, poor nutrition, anemia, pro-
longed labor, premature rupture of membranes, multiple
pregnancies, primiparity, being overweight and the type of
delivery (caesarean versus vaginal), more than 5 vaginal
examinations during labor, other obstetrical maneuvers,
no use of antibiotic prophylaxis, and other factors [12, 13].
The World Health Organization (WHO) used an estimate
of 5 % incidence for the Global Burden of Diseases
(GBOD) work [11].
While there are other causes of serious maternity-

related infection among postpartum women (e.g.,
mastitis), this study focused on PP sepsis caused by
endometritis due to its dominant attribution to severe
morbidity or death. The WHO defines endometritis as:
“The infection of the genital tract occurring at any time
between the onset of the rupture of membranes or
labour and the 42nd day postpartum in which fever and
one or more of the following are present: pelvic pain, ab-
normal vaginal discharge or odor, and delay in the rate
of reduction of size of the uterus” [14]. The standard
treatment for PP endometritis is a combination of
broad-spectrum intravenous antibiotics [15–17]. How-
ever, there are currently no global standard guidelines
for oral therapies in resource-poor regions—a lack that

impacts women who have limited access to adequate
healthcare facilities. Epidemiologic evidence on the tim-
ing of onset of conditions suggest that the majority of
maternal deaths occur on the day of childbirth due to
haemorrhage and hypertensive disorders [18]. However,
an estimated 13 % of maternal deaths occur between
days 3–7, with endometritis being the most frequent
cause of death during this time period [12, 19, 20]. This
is opposite the pattern for other direct causes of maternal
death including haemorrhage and pregnancy-induced
hypertension, where more than 90 % of these deaths occur
during the first 48 hours after birth [19]. More recent data
report declines in intrapartum deaths by more than 35 %,
such that more than a third (36 %) of maternal deaths
occur in the time period from 24 hours to 42 days after
delivery - more than either the antepartum (25 %),
intrapartum and immediate postpartum (<24 hours PP:
28 %), or late PP period (>42 days PP: 12 %) [2]. The
timing of PP sepsis, coupled with high rates of home
deliveries in many low-resource settings [21] has meant
that most sepsis cases and deaths occur at home [12, 20].
Until recently, strategies to prevent maternal sepsis

emphasized facility-based interventions: infection pre-
vention, early identification, and treatment. Efforts to
reduce maternal mortality due to sepsis, particularly in
South Asia, are hampered by the large proportion of
births which occur outside of the formal health sector,
where only 41 % of births in South Asia are attended by
a skilled birth attendant [21]. The most recent Demo-
graphic and Health Surveys (DHS) indicate that 37 % of
births in Bangladesh (57 % in urban areas and 31 % in
rural areas - where almost 80 % of births occur), and
48 % of births in Pakistan (68 % urban and 40 % rural-
where 70 % of births occur), respectively take place in
health facilities [22–24]. For women who do access facil-
ity services, variable quality of obstetric care and limited
duration of stay after delivery suggest that facility care
alone does not necessarily protect women from develop-
ing infections.
Evidence of the effect of community-based interven-

tions to reduce maternal sepsis mortality remains scarce
[25, 26], and is limited to interventions to prevent mater-
nal sepsis, not detect and treat it. Training traditional
birth attendants and supplying them with clean delivery
kits has been associated with reduced infection and ma-
ternal mortality in Pakistan [27], Egypt [28] and
Tanzania [29], but not in Bangladesh [30]. In Pakistan,
odds of puerperal sepsis were greatly reduced among the
trained community health workers (CHWs) (OR 0.17, 95
% CI 0.13-0.23) compared to the controls and there was
a non-significant reduction in maternal mortality (OR
0.74, 95 % CI 0.45-1.23). A recent systematic review also
found that clean delivery kits presented as part of a
package of interventions that involve training CHWs on
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recognition and referral and educating women were also
associated with reductions in maternal sepsis [31]. A
cluster-randomized controlled trial of a participatory
intervention among women’s groups in India found in-
creases among intervention clusters in safe delivery
practices, including clean birth kit usage and hand wash-
ing among birth attendants [32]. Vaginal cleansing
(chlorhexidine or other antiseptic) does not appear to
prevent maternal or newborn infection, although a non-
significant decline in endometritis has been documented
(risk ratio 0.83; 95 % confidence interval 0.61 to 1.13)
[33]. Evidence also suggests that supplementation with
micronutrients can reduce sepsis mortality [34–36].
However, findings from recent community-based ran-
domized trials in Ghana and Bangladesh suggest that
supplementation with vitamin A does not significantly
reduce maternal mortality (either sepsis-related or all-
cause) [37, 38], nor does the WHO recommend routine
vitamin A supplementation during pregnancy [39, 40].
New postnatal care guidelines emphasize the risk follow-
ing discharge from a facility, and includes recommenda-
tions to educate women about symptoms of sepsis, and to
assess for temperature, lochia and uterine tenderness dur-
ing postnatal checks.
However, there is virtually no evidence about

community-based methods for maternal PP sepsis diag-
noses and treatment. This study seeks to address that
gap. Many of the risk factors for maternal PP sepsis are
also those that also put newborns at risk. In recent years,

advances made in the development and use of simple
clinical diagnostic algorithms and referral or treatment
through front-line health workers. These programs have
achieved reductions of 34 to 67 % in neonatal mortality
[41, 42]. This information has been taken up at national
and international program and policy levels – providing
an opportunity to reduce newborn mortality in other
low-resource settings [43]. The majority of maternal PP
sepsis deaths are almost completely avoidable through
using aseptic methods, along with timely diagnosis and
prompt treatment for those women who develop
infection.
This study, Development of a community-based pre-

sumptive clinical diagnosis algorithm and treatment
regimen for maternal puerperal sepsis in South Asia is a
supplement to the Bill and Melinda Gates Foundation
funded Aetiology of Neonatal Infection in South Asia
(ANISA) study which was established as a multi-country
research project to determine the incidence and etiology
of community-acquired neonatal infections in multiple
sites through prospective birth surveillance systems. It
builds upon previous work to detect and manage newborn
sepsis in the community [42, 44]. In this study follow up
of postpartum women by CHWs was added to the surveil-
lance system with the overall goal to detect and treat
women with PP sepsis and avert sepsis-related maternal
deaths. It was implemented in three sites: rural Sylhet,
Bangladesh, urban Karachi and rural Matiari, Pakistan
(Fig. 1). The objectives of this study are to (1) develop,

Fig. 1 Study Sites
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field test, and validate a locally-adapted algorithm for
CHWs to assess both the ability of the CHW to identify
the signs and symptoms of PP sepsis in the draft algorithm
and the effectiveness of the algorithm as a tool to identify
women with PP sepsis; (2) measure PP infection incidence
and determine risk factors to inform prevention strategies;
(3) to determine etiology and antimicrobial susceptibility
patterns to inform appropriate community-based empiric
antimicrobial regimens.

Methods/Design
Study design and procedures
The PP sepsis supplement to ANISA is a partnership
between the Johns Hopkins Bloomberg School of Public
Health of the Johns Hopkins University, the Child
Health Research Foundation and the International Cen-
ter for Diarrhoeal Disease Research, Dhaka, Bangladesh
(icddr,b), Shimantik in Sylhet, Bangladesh, and the Aga
Khan University in Karachi, Pakistan. The community-
based surveillance systems utilized by ANISA allows
CHWs to register married women of reproductive age
(13-49 years), identify pregnancies during surveillance
home visits conducted every two months, conduct birth
preparedness visits at 12–20 weeks and 28–30 weeks of
pregnancy (Fig. 2), and carry out 10 postpartum home
visits to all enrolled newborns. Details of the ANISA
study and site surveillance systems are available elsewhere
[45, 46]. The study was implemented in two phases be-
tween June 2012 and August 2014: (1) formative research
to assist in the development of an algorithm including sys-
tematic literature reviews and qualitative research; and (2)
algorithm validation and integration into the ANISA new-
born surveillance platform which included referral, clinical
confirmation, specimen collection and etiologic assess-
ment of PP sepsis episodes by comprehensive testing of
clinical samples.
In the formative phase (June to October 2012), in-depth

interviews and focus group discussions were carried out
among facility and community-based health care pro-
viders and beneficiaries to elicit local definitions and
understanding of signs and symptoms of PP sepsis. Par-
ticipant groups included facility-based health providers,
women with PP sepsis admitted to facilities, female rela-
tives of women admitted with PP sepsis, community-
based healthcare providers for women with PP sepsis
before referring them to facilities, recently delivered
women in the community, family members of recently de-
livered women in the community, and community-based
unskilled healthcare providers.
Data were transcribed, coded, and analyzed to exam-

ine: 1) local terminology corresponding to clinical signs
of PP sepsis; 2) care-seeking, sources of care, and treat-
ment given for conditions compatible with PP sepsis in

the community. Interim findings were utilized to inform
the CHW algorithm content and key issues for imple-
mentation, e.g., ensuring a private place for interviews
and training CHWs to probe sensitively for additional
maternal symptoms and signs. Detailed results are being
prepared for publication.
To complement primary data collection, two system-

atic literature reviews were conducted, implemented
jointly and led by WHO and CDC respectively to (1)
identify other potential algorithms and possible clinical
components; and (2) examine literature on both re-
ported etiology (Requejo J, Widmer M, Bartlett L, Kaur
G, Allen T, Gross P, et al. A systematic review of clinical
diagnostic algorithms on puerperal sepsis for potential
use at the community level. Unpublished) and potential
oral antibiotic regimens for women who are unable to
undergo facility-based parenteral treatment [47]. These,
plus expert consultation, led to a community-based PP
sepsis algorithm (Table 1) and supporting procedures for
referral, case management, algorithm validation, speci-
men collection and analysis.
The PP sepsis study enrolled consenting women for

maternal infection surveillance with live birth and still-
birth outcomes identified within 14 days of the birth
outcome. Maternal infection surveillance procedures
were integrated into existing ANISA postpartum home
visit schedule; on days 0, 2, 6, 13, 20, 27, 34, 41, 48 and
59 postpartum. Presumptive cases of PP sepsis were de-
fined based on measured temperature, maternal history
of fever, lower abdominal or pelvic pain, and abnormal
or foul-smelling discharge. Women with high fever
(>39.0 °C) at the time of assessment were classified as
having suspected PP sepsis and referred. Women with
either fever (38.0-39.0 °C) or history of fever paired with
at least one additional symptom of sepsis (lower abdom-
inal pain, pelvic pain, or abnormal/foul-smelling dis-
charge) are also presumptively classified as having PP
sepsis and referred (Table 1). Women with any serious
life-threatening health conditions, whether PP sepsis or
not, were also referred to tertiary care facilities.
Among suspected cases of PP sepsis, facility (Sylhet, Ka-

rachi) and/or home-based (Matiari) physician assessments
were carried out. In Sylhet and Karachi, home-based fol-
low up by physicians occurred only among individuals
who could not adhere to CHW-recommended referral.
Because of the distance between tertiary care facilities and
the remote field site in Matiari, study physicians visited
CHW-determined suspected PP sepsis cases in their
homes. In all instances, physician-confirmed cases were
asked to provide biospecimens (urine and blood in the
home; endometrial in health facilities) and were prescribed
an oral antibiotic treatment regimen. Women who con-
sented to referral and admission to hospital for treatment
were managed according to the local standard of care,
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Fig. 2 Surveillance system for postpartum maternal infection in Karachi Matiari* and Sylhet
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although adherence to the WHO recommended treatment
in the Managing Complications in Pregnancy and Child-
birth (MCPC) [48] was encouraged. In the event of death,
family members were interviewed to determine likely
cause of death under the auspices of another study in the
region with the Alliance for Maternal and Newborn
Health Improvement (AMANHI).

Sample size calculation and sampling strategy
A pregnancy cohort of 26,200 women across the three
sites over a one-year implementation period was ex-
pected, and was rounded up to 28,000 women to ac-
count for any change in population size by immigration
or birth rates resulting in more pregnancies. We deter-
mined that this sample was adequate for measuring out-
comes in all three objectives. Using a conservative
estimate of 5 % prevalence of PP sepsis among postpar-
tum women, we estimated that ~36 clinical sepsis cases
per month on average for each site would be identified;
resulting in a total of 1,310 cases per year (Table 2). This
sample size is adequate to estimate PP sepsis incidence
rate with at least 1 % margin-of-error at α = 0.05. To val-
idate the algorithm for CHWs and its application, study
physicians, blinded to the CHW clinical diagnoses,
assessed a random sample of suspected PP sepsis (n =
75) and healthy women (n = 225) to meet the required
sample size for assessing sensitivity of 95 % and specifi-
city of 97.5 % with 5 % and 2.5 % margins of errors, re-
spectively, and 5 % Type-I (α) error. Verification bias
due to oversampling of control women will be corrected
with statistical methods during analysis [49, 50]. The

study physicians’ diagnostic decision-making was the
gold standard and was standardized using training mate-
rials about PP sepsis based on WHO Manual of Compli-
cations in Pregnancy and Childbirth diagnostic criteria
(fever, chills, lower abdominal pain, purulent, foul-
smelling lochia, tender uterus, +/- light vaginal bleeding
and signs and symptoms of shock). When possible, phys-
ician validation was performed in health facilities.
To determine the etiology and antibiotic resistance pat-

tern of PP sepsis bacterial isolates at the three study sites,
we anticipated identifying and obtaining consent from 70 %
of the estimated 1,310 women with PP sepsis in the birth
cohort across the three sites (Table 2). This will allow for
robust data on etiology, etiology specific incidence of PP
sepsis, and will provide specific antibiotic susceptibility data
for detected pathogens. In all instances of physician-
confirmed PP sepsis, consent was sought from women who
adhered to referral for urine, blood, endometrial and high
vaginal swab (HVS) samples (HVS only done in Pakistan).
Informed consent was obtained from women with phys-
ician-confirmed sepsis with the option for them to con-
sent to provide one, two, all, or none of the specimens
(urine, blood and endometrial sample) requested. Endo-
metrial specimens were only collected in hospitals by
physicians who received clinical training on the Tao
Brush by Cook Medical before use [51].
Surveillance continued until 150 women in each site

consented to all three specimens. Among women who
declined referral and received a home-based assessment
by a study physician, consent was obtained only for
home-based collection of urine and blood.

Table 1 Simplified algorithm for identifying postpartum maternal infection

Symptoms screened by CHWs Classification

High fever [temperature 102.4 °F (39.1 °C) or higher] Suspected PP sepsis

Fever [temperature 100.6 °F - 102.3 °F (38.1 °C – 39.0 °C)] Suspected PP sepsis if fever present at examination or history of fever AND
any other sign or symptom listed is present

History of fever

Lower abdominal or pelvic pain

Abnormal or foul-smelling discharge

Severe Vaginal bleeding Other suspected illness

Severe headache AND blurred vision

Leaking urine and/or stool

Convulsions or unconscious

Lower abdominal pain (without fever)

Fever only [temperature 100.6 °F - 102.3 °F (38.1 °C – 39.0 °C)] Suspected Local Infection

History of fever only

Abnormal or foul-smelling vaginal discharge (without fever)

Burning upon micturition

Cough or difficulty breathing

Pus or pain from tear, c- section or episiotomy wound

Swollen, red, or painful breast
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Laboratory methods
Laboratory testing used standardized cross-site protocols
[52]. Site-specific analyses yielded a revised list of patho-
gens (Table 3) and their relative proportions among
women with suspected PP sepsis were compared. A list of
recommended antibiotic therapies were postulated after
evaluating the results of susceptibility testing. Further de-
tails on laboratory methods, diagnostic testing, and quality
assurance procedures used in this study are described in
Shakoor et al.’s Diagnostic methods to determine micro-
biology of postpartum endometritis in South Asia: labora-
tory methods protocol used in the Postpartum Sepsis
Study, a prospective cohort study, also published in this
journal issue [53].

Analysis plan
The diagnostic performance of the algorithm applied by
CHWs in a field setting depends upon the effectiveness of
the algorithm as a tool to identify women with PP sepsis
and the ability of the CHWs to identify the signs and symp-
toms of PP sepsis described in the algorithm. Validity mea-
sures will be calculated using the gold standard physician
assessment. Sensitivity and specificity with 95 % confidence
intervals (CI) will be calculated at two levels: identification
of individual signs and symptoms and classification of sus-
pected PP sepsis. Agreement between CHW and physician
assessments will be evaluated using the Kappa statistic.
Change in inter-rater agreement over time will also be cal-
culated to assess any improvement in the ability of the
CHWs to accurately clinically diagnose patients.

Population-level incidence of PP sepsis will be calcu-
lated based on both CHW and physician determination
of whether women have suspected PP sepsis. Misclassifi-
cation of diagnosis (false positive, false negative) could
bias the estimate. This concern will be alleviated by
using sensitivity and specificity estimates from the
validation results and correct incidence estimates for
unbiased results. Multivariate regression will be used
to identify risk factor data on demographic, socioeco-
nomic, health status and care-seeking characteristics
of pregnant women in the study collected at the time
of enrollment and during CHW scheduled prenatal
home visits.

Ethical considerations
Ethics, consent and permissions: A full review for human
subject research was conducted by the Institutional Review
Board at Johns Hopkins University, by the Ethical Review
Committees at the International Center for Diarrhoeal
Disease Research, Dhaka, Bangladesh, the Aga Khan
University in Pakistan, and the Bangladesh Institute for
Child Health for the Child Health Research Foundation in
Bangladesh. Informed oral consent was taken at each level
as described in detail.

Discussion
CHWs and mothers expressed their approval that the
mothers were also included in the birth surveillance out-
comes research in a systematic way. Due to their familiarity

Table 2 Study population and expected sepsis cases

Characteristics Sylhet Matiari Karachi Total

Population ~340000 ~340000 ~270000 950000

Yearly birth cohort 10200 8500 7500 26200

Conservative estimate of PP sepsis cases (5 % prevalence) 510 425 375 1310

Table 3 List of suspected pathogens

Facultative aerobic bacterial pathogens Anaerobic bacteria Atypical bacteria by Real time PCR

(a) Gram-positive Peptococcus sp. Chlamydia trachomatis

Beta-hemolytic streptococci—Groups A, B, C, D, F Peptostreptococcus sp. Mycoplasma hominis, genitalium

Other streptococci (intermedius, sanguis, etc) Bacteroides fragilis, bivis, disiens Uroplasma urealyticum

Enterococci Clostridia ramosum,

Staphylococcusaureus Perfringens, welchii, sordellei

Aerococcus urinae Fusobacterium

(b) Gram-negative

Gardenerella vaginalis

Enterobacteriaceae, such as klebsiella pneumoniae, enterobacter, escherichia
coli, citrobacter, proteus mirabilis

Pseudomonas aeruginosa

Neisseria gonorrheae
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with the newborn sepsis algorithm, the CHWs were readily
able to understand, adopt and implement the maternal PP
sepsis diagnostic and referral algorithm. Because of the in-
timate nature of an endometrial sample, the consent form
was designed so that women could choose to consent to
any, all or none of the specimens in order to provide a set-
ting where women may feel comfortable providing less in-
vasive blood and urine, but able to opt out of the
endometrial sample. This did not interfere with attaining
the sample size of linked specimens.
For women with suspected PP sepsis who could not

comply with referral or facility-based treatment, physi-
cians went to their homes to perform the clinical assess-
ment and encourage facility admission for treatment.
For those who could not comply, oral antibiotic treat-
ment was prescribed– the regimen was based on the
three oral/parenteral antibiotic regimens identified in
the literature review, and differed depending on avail-
ability and cost in each site [47]. Although there is no
global standard for oral treatment, we reasoned that
even if considered sub-optimal to parenteral treatment,
oral treatment would be more beneficial to women with
suspected sepsis than offering no treatment. While our
study focused on diagnoses of PP sepsis, women with
health complaints for themselves or their newborns were
also referred to the nearest facility, with facilitation by
the CHWs when necessary.
The study implementation encountered several oper-

ational challenges in the beginning that were successfully
addressed those with concerted team efforts. In Sylhet
site, recruitment of female physicians at the rural sub-
district hospitals was a great challenge for the team.
Local cultural practices prohibited the use of male physi-
cians in examining postpartum women for PP sepsis and
for collection of the endometrial specimens. In collabor-
ation with local community leaders and key stakeholders
in Sylhet, two female physicians were recruited and
employed by the study. Training and standardization of
physicians and CHWs was also a challenge. However, in
collaboration with the Gynecology Department of the
Sylhet Osmani Medical College (the only teaching
hospital in the area), study physicians and CHWs were
successfully trained to conduct clinical examinations for
PP sepsis.
In all three sites, physicians received additional training

to collect endometrial specimens in tertiary facilities
under direct supervision of obstetric consultants. Once
collected, laboratory analyses were carried out in Sylhet,
Bangladesh and Karachi, Pakistan. In the former, anaer-
obic culture of specimens was a challenge, mitigated in
part by the training of senior laboratory staff at Johns
Hopkins Hospital in Baltimore, MD USA.
This study will provide an efficient diagnostic tool for

community health workers to identify women with

suspected sepsis for referral and management in
addition to a critical evidence base for understanding
the epidemiology and etiology of PP sepsis among
women in Bangladesh and Pakistan. Although evidence
exists on the feasibility, acceptability and effectiveness
of community-based approaches for identification and
management of newborn infections through CHWs, this
is the first study of its kind to place equal emphasis on
maternal puerperal infections and explore options for
integration of the two in community settings. New data
generated on the epidemiology of PP sepsis at the com-
munity level in three South Asian sites may inform fu-
ture public health action to prevent or manage this life-
threatening illness. If effective, this diagnostic tool can
be applied throughout South Asia and other settings
where community-based postnatal care could be imple-
mented - contributing to prevention of maternal mor-
tality from PP sepsis.

Abbreviations
PP: postpartum; CHW: community health worker; HVS: high vaginal swab;
ANISA: Aetiology of Newborn Infection in South Asia; MCPC: Managing
Complications in Pregnancy and Childbirth; AMANHI: Alliance for Maternal
and Newborn Health Improvement; WHO: World Health Organization;
GBOD: Global Burden of Disease; DHS: Demographic and Health Surveys;
CDC: Centers for Disease Control and Prevention.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
LB is the principal investigator, conceived of the study concept, developed
the methods with the team, supported the sites on implementation, and
wrote all or parts of all drafts and the final manuscript. AL developed the
Manual of Operations, and collaborated with the sites on implementation,
and revised or wrote parts of all drafts. FM, SA, SS, QM and DM are the PIs
for this study in the field sites (Karachi, Matiari and Sylhet respectively),
contributed to the methods development, led implementation, and
reviewed drafts of this paper for content revisions. SSh and MR developed
the laboratory methodology and reviewed this manuscript, SSh also led
the laboratory implementation in Pakistan. M SI is the Senior Research officer
for ANISA, contributed to many aspects of this study’s implementation, and
reviewed the manuscript for critical content. NC is the Research Investigator
and Project Coordinator for ANISA, contributed to many aspects of this
study’s integrated design, implementation, and reviewed the manuscript for
critical content. PW led the qualitative component of this study and
reviewed the manuscript for critical content. RS was the Research
Associate based at JHU on the project from 2012-2013, and contributed
to protocol development and early implementation. SA is the co-PI of
ANISA with SS, and reviewed the manuscript. AB, ZB and AZ were the
PI’s of the three sites overall. All contributed to development of the
methods and the reviewed the manuscript for content. SS is the Princi-
pal Investigator (PI) for the ANISA study and helms the coordinating
center, which provides overarching support to field activities in
Bangladesh and Pakistan. SA has also worked on the study since its inception,
contributing important content to the methods, and also monitoring imple-
mentation. The ANISA postpartum Sepsis Study Group consists of the many
people who contributed substantially to the study either through method
development, implementation, data management, analyses or supportive
supervision. All authors read and approved the final manuscript.

Acknowledgements
We especially wish to extend our gratitude and appreciation to Dr. France
Donnay of the Bill and Melinda Gates Foundation, and the Chair of our
Technical Advisory Group (TAG): Michael Gravett. We also thank the TAG
members: Frank Witter, Denise Jamieson, Jeffrey Smith, Ana Pilar Betran, and

Bartlett et al. Reproductive Health  (2016) 13:16 Page 8 of 10



Md Abdul Halim. Previous team members or co-authors on formative
work, including Dana Blackwell, Jennifer Requeho, Mariam Widmer,
Tomas Allen, Peggy Gross, Gurpreet Kaur, Heather Rosen and Blair Ber-
ger, are thanked for their key contributions to the methodological devel-
opment of this study or paper. We also thank GYNECOR, a Division of
Bostwick Laboratories, Inc., that supplied the Tao Brushes for this study
at cost. ANISA-Postpartum Sepsis Study Group (in alphabetical order):
Ahmed I, Ahmed SA, Ariff S, Baqui AH, Bartlett LA (PI), Begum N, Bhutta
S, Bhutta ZA, Connor NE, Arifeen SE, Hirani F, Hotwani A, Islam MS, Kabir
F, Khan IA, LeFevre AE, Mahmud A, Mir F, Mitra D, Moin MI, Quaiyum
MA, Qureshi S, Rafiqullah I, Reller ME, Roy A, Saha SK, Shakoor S, Soofi S,
Sultana S, Wasan Y, Winch PJ, Zaidi AK.

Author details
1Department of International Health, Johns Hopkins Bloomberg School of
Public Health, Baltimore, Maryland, USA. 2Department of Paediatrics and
Child Health, Division of Women & Child Health, The Aga Khan University,
Karachi, Pakistan. 3Centre for Reproductive Health, icddr,b, Dhaka,
Bangladesh. 4Department of Microbiology, The Child Health Research
Foundation, Dhaka Shishu Hospital, Dhaka, Bangladesh. 5Division of Medical
Microbiology, Department of Pathology, The Johns Hopkins University
School of Medicine, Baltimore, Maryland, USA. 6Centre for Child and
Adolescent Health, icddr,b, Dhaka, Bangladesh. 7Department of Population,
Family and Reproductive Health, Johns Hopkins Bloomberg School of Public
Health, Baltimore, Maryland, USA.

Received: 20 January 2016 Accepted: 25 January 2016

References
1. Who. Trends In Maternal Mortality: 1990 To 2013. Estimates By Who, Unicef,

Unfpa, The World Bank And The United Nations Population Division.
Geneva: World Health Organization; 2014.

2. Kassebaum Nj, Bertozzi-Villa A, Coggeshall Ms, Shackelford Ka, Steiner C,
Heuton Kr, et al. Global, Regional, And National Levels And Causes Of
Maternal Mortality During 1990-2013: A Systematic Analysis For The Global
Burden Of Disease Study 2013. Lancet. 2014. doi:10.1016/S0140-6736(14)60696-6.

3. Say L, Chou D, Gemmill A, Tunáalp O, Moller A-B, Daniels J, et al. T1 - Global
Causes Of Maternal Death: A Who Systematic Analysis. The Lancet Global
Health. 2014;2(6):e323–33.

4. Maharaj D. Puerperal Pyrexia: A Review. Part II. Obstet Gynecol Surv. 2007;
62(6):400–6. doi:10.1097/01.Ogx.0000266063.84571.Fb.

5. Td N, Borresen J, Hew-Butler T, Mi L, Jordaan E. Semmelweis And The Aetiology
Of Puerperal Sepsis 160 Years On: An Historical Review. Epidemiol Infect. 2008;
136(1):1–9. doi:10.1017/S0950268807008746. S0950268807008746 [Pii].

6. Adriaanse AH, Pel M, Bleker OP. Semmelweis: The Combat Against Puerperal
Fever. Eur J Obstet Gynecol Reprod Biol. 2000;90(2):153–8.

7. Pagel C, Lewycka S, Colbourn T, Mwansambo C, Meguid T, Chiudzu G, et al.
Estimation Of Potential Effects Of Improved Community-Based Drug
Provision, To Augment Health-Facility Strengthening, On Maternal Mortality
Due To Postpartum Haemorrhage And Sepsis In Sub-Saharan Africa: An
Equity-Effectiveness Model. Lancet. 2009;374(9699):1441–8. doi:10.1016/
S0140-6736(09)61566-X.

8. Hm K, Jm S, Jj Z, Nw S, Ea S, Van Roosmalen J. Maternal Mortality And
Severe Morbidity From Sepsis In The Netherlands. Acta Obstet Gynecol
Scand. 2009;88(6):647–53. doi:10.1080/00016340902926734. 910899819 [Pii].

9. Rl G, Jc H, Ww A. Intrauterine Infection And Preterm Delivery. The New
England Journal Of Medicine. 2000;342(20):1500–7.

10. Ayengar V, Madhulika, Vani S. Neonatal Sepsis Due To Vertical Transmission
From Maternal Genital Tract. Indian Journal Of Pediatrics. 1991;58(5):661–4.

11. Dolea C, Stein C. Global Burden Of Maternal Sepsis In The Year 2000.
Geneva: World Health Organization; 2003.

12. Maharaj D. Puerperal Pyrexia: A Review. Part I. Obstet Gynecol Surv. 2007;62(6):393–9.
13. Jeroen Van Dillena J, Joke S, Jos Van R. Maternal Sepsis: Epidemiology, Etiology

And Outcome. Current Opinion In Infectious Diseases. 2010;23:249–54.
14. Who. Mother-Baby Package: Implementing Safe Motherhood In Countries.

Geneva: World Health Organization, Maternal Health And Safe Motherhood
Program, Division Of Family Health; 1994.

15. Tharpe N. Postpregnancy Genital Tract And Wound Infections. J Midwifery
Womens Health. 2008;53(3):236–46. doi:10.1016/J.Jmwh.2008.01.007.

16. World Health Organization. Maternal Health And Safe Motherhood
Programme. Education Material For Teachers Of Midwifery : Midwifery
Education Modules. 2nd ed. Geneva: World Health Organization; 2008.

17. French L, Smaill F. Antibiotic Regimens For Endometritis After Delivery. Cochrane
Database Syst Rev. 2004;4:Cd001067. 10.1002/14651858.Cd001067.Pub2.

18. Say L, Chou D, Gemmill A, Tuncalp O, Moller AB, Daniels J, et al. Global
Causes Of Maternal Death: A Who Systematic Analysis. Lancet Glob Health.
2014;2(6):E323–33. doi:10.1016/S2214-109x(14)70227-X.

19. World Health Organization. Dept. Of Making Pregnancy Safer. Who
Technical Consultation On Postpartum And Postnatal Care. Geneva:
World Health Organization; 2010.

20. Ronsmans C, Graham WJ, Lancet Maternal Survival Series Steering G.
Maternal Mortality: Who, When, Where, And Why. Lancet. 2006;368(9542):
1189–200. doi:10.1016/S0140-6736(06)69380-X.

21. Unicef. The State Of The World’s Children 2009: Maternal And Newborn
Health. New York: United Nations Children’s Fund; 2008.

22. Demographic And Health Survey. Bangladesh Demographic And Health
Survey 2014: Key Indicators. Rockville: The Dhs Program, Ifc International; 2014.

23. Survey DAH. Pakistan Demographic And Health Survey 2012-2013: Final
Report The Dhs Program. Rockville: Ifc International; 2013.

24. International Institute For Population Sciences (Iips), Macro International. National
Family Health Survey (Nfhs-3), 2005–06: India: Volume I. Mumbai: Iips; 2007.

25. Kidney E, Winter H, Khan K, Gulmezoglu A, Meads C, Deeks Jj Et A. Systematic
Review Of Effect Of Community-Level Interventions To Reduce Maternal
Mortality. BMC Pregnancy Childbirth. 2009;9:2. doi:10.1186/1471-2393-9-2.

26. Lassi Z, Haider B, Bhutta Z. Community-Based Intervention Packages For
Reducing Maternal And Neonatal Morbidity And Mortality And Improving
Neonatal Outcomes. Cochrane Database Syst Rev. 2010;11:Cd007754.
doi:10.1002/14651858.Cd007754.Pub2.

27. Jokhio A, Winter H, Cheng K. An Intervention Involving Traditional Birth
Attendants And Perinatal And Maternal Mortality In Pakistan. The New England
Journal Of Medicine. 2005;352(20):2091–9. doi:10.1056/Nejmsa042830.

28. Gl D, Hassan M, Zp B, Pj W, Gipson R, Santosham M. Impact Of Clean
Delivery-Kit Use On Newborn Umbilical Cord And Maternal Puerperal
Infections In Egypt. J Health Popul Nutr. 2009;27(6):746–54.

29. Winani S, Wood S, Coffey P, Chirwa T, Mosha F, Changalucha J. Use Of A
Clean Delivery Kit And Factors Associated With Cord Infection And
Puerperal Sepsis In Mwanza, Tanzania. J Midwifery Womens Health. 2007;
52(1):37–43. doi:10.1016/J.Jmwh.2006.09.004.

30. Ea G, Chowdhury M, Gazi R, Marshall T, Graham W. Training Traditional Birth
Attendants In Clean Delivery Does Not Prevent Postpartum Infection. Health
Policy Plan. 2000;15(4):394–9.

31. Va H, Bi A, Braunholtz D, Wj G. Are Birth Kits A Good Idea? A Systematic Review
Of The Evidence. Midwifery. 2012;28(2):204–15. doi:10.1016/J.Midw.2011.03.004.

32. Tripathy P, Nair N, Barnett S, Mahapatra R, Borghi J, Rath S, et al. Effect Of A
Participatory Intervention With Women’s Groups On Birth Outcomes And
Maternal Depression In Jharkhand And Orissa, India: A Cluster-Randomised
Controlled Trial. Lancet. 2010;375(9721):1182–92.

33. Lumbiganon P, Thinkhamrop J, Thinkhamrop B, Tolosa J. Vaginal
Chlorhexidine During Labour For Preventing Maternal And Neonatal
Infections (Excluding Group B Streptococcal And Hiv). Cochrane Database
Syst Rev. 2014;9:Cd004070. doi:10.1002/14651858.Cd004070.Pub3.

34. West Jr KP, Katz J, Khatry SK, Leclerq SC, Pradhan EK, Shrestha S, et al.
Double Blind, Cluster Randomised Trial Of Low Dose Supplementation With
Vitamin A Or Beta Carotene On Mortality Related To Pregnancy In Nepal.
The Nnips-2 Study Group. BMJ. 1999;318(7183):5705.

35. Christian P, Khatry SK, Leclerq SC, Dali SM. Effects Of Prenatal Micronutrient
Supplementation On Complications Of Labor And Delivery And Puerperal
Morbidity In Rural Nepal. Int J Gynaecol Obstet. 2009;106(1):3–7. doi:10.
1016/J.Ijgo.2009.03.040.

36. Faisel H, Pittrof R. Vitamin A And Causes Of Maternal Mortality:
Association And Biological Plausibility. Public Health Nutr.
2000;3(3):321–7.

37. Kirkwood B, Hurt L, Amenga-Etego S, Tawiah C, Zandoh C, Danso S, et al.
Effect Of Vitamin A Supplementation In Women Of Reproductive Age On
Maternal Survival In Ghana (Obaapavita): A Cluster-Randomized, Placebo-
Controlled Trial. Obstet Gynecol Surv. 2010;65(9):552–4.

38. Kp W, Christian P, Ab L, Rashid M, Aa S, Rd K, et al. Effects Of Vitamin A Or
Beta Carotene Supplementation On Pregnancy-Related Mortality And Infant
Mortality In Rural Bangladesh: A Cluster Randomized Trial. Jama : The
Journal Of The American Medical Association. 2011;305(19):1986–95.

Bartlett et al. Reproductive Health  (2016) 13:16 Page 9 of 10

http://dx.doi.org/10.1016/S0140-6736(14)60696-6
http://dx.doi.org/10.1097/01.Ogx.0000266063.84571.Fb
http://dx.doi.org/10.1017/S0950268807008746
http://dx.doi.org/10.1016/S0140-6736(09)61566-X
http://dx.doi.org/10.1016/S0140-6736(09)61566-X
http://dx.doi.org/10.1080/00016340902926734
http://dx.doi.org/10.1016/J.Jmwh.2008.01.007
http://dx.doi.org/10.1002/14651858.Cd001067.Pub2
http://dx.doi.org/10.1016/S2214-109x(14)70227-X
http://dx.doi.org/10.1016/S0140-6736(06)69380-X
http://dx.doi.org/10.1186/1471-2393-9-2
http://dx.doi.org/10.1002/14651858.Cd007754.Pub2
http://dx.doi.org/10.1056/Nejmsa042830
http://dx.doi.org/10.1016/J.Jmwh.2006.09.004
http://dx.doi.org/10.1016/J.Midw.2011.03.004
http://dx.doi.org/10.1002/14651858.Cd004070.Pub3
http://dx.doi.org/10.1016/J.Ijgo.2009.03.040
http://dx.doi.org/10.1016/J.Ijgo.2009.03.040


39. Christian P, Mullany Lc, Hurley Km, Katz J, Black Re, Editors. Nutrition And
Maternal, Neonatal, And Child Health. Seminars In Perinatology; .2015;39(5):361-72.

40. WHO. Guideline: Vitamin A supplementation in pregnant women. Geneva,
World Health Organization, 2011.

41. Bang A, Ra B, Bj S, Sb B, Hm R, Md D. Is Home-Based Diagnosis And Treatment
Of Neonatal Sepsis Feasible And Effective? Seven Years Of Intervention In The
Gadchiroli Field Trial (1996 To 2003). J Perinatol. 2005;25:S62–71.

42. Baqui A, El-Arifeen S, Darmstadt G, Ahmed S, Williams E, Seraji H, et al. Effect
Of Community-Based Newborn-Care Intervention Package Implemented
Through Two Service-Delivery Strategies In Sylhet District, Bangladesh: A
Cluster-Randomised Controlled Trial. Lancet. 2008;371(9628):1936–44.
doi:10.1016/S0140-6736(08)60835-1.

43. World Health Organization. Dept. Of Child And Adolescent Health And
Development., Unicef. Home Visits For The Newborn Child : A Strategy To
Improve Survival : Who/Unicef Joint Statement. Geneva: World Health
Organization; 2009.

44. Bang A, Ra B, Sb B, Reddy M, Md D. Effect Of Home-Based Neonatal Care
And Management Of Sepsis On Neonatal Mortality: Field Trial In Rural India.
Lancet. 1999;354(9194):1955–61.

45. Samir K. Saha, PhD, Shams Arifeen, DrPh, and Stephanie J. Schrag, DPhil
Infection Surveillance Protocol for a Multi-Country Population-Based Study
in South Asia to Determine the Incidence, Etiology and Risk Factors for
Infections among Young Infants 0-59 Days Old (216-33). Pediatric Infectious
Disease Journal. 2016. In press.

46. Aetiology of Neonatal Infections in South Asia (ANISA); Child Health
Research Foundation (CHRF). Available at: http://www.chrfbd.org/index.php/
what-we-do/research/surveillance/116-anisa. Accessed on: 2 Feb 2016.

47. Meaney-Delman D Bl, Gravett M, Jamieson D. Treatment Of Postpartum
Endometritis: A Systematic Review To Inform Oral And Intramuscular
Antibiotic Choices. Obstet Gynecol. 2015 Apr;125(4):789-800. doi:10.1097/
AOG.0000000000000732. Review. Erratum in: Obstet Gynecol. 2015 Aug;
126(2):452-3.

48. World Health Organization. Dept. Of Reproductive Health And Research.,
United Nations Population Fund., Unicef., World Bank. Managing Complications
In Pregnancy And Childbirth : A Guide For Midwives And Doctors.
Integrated Management Of Pregnancy And Childbirth. Geneva: World
Health Organization; 2007.

49. Cb B, Ra G. Assessment Of Diagnostic Tests When Disease Verification Is
Subject To Selection Bias. Biometrics. 1983;39(1):207–15.

50. Cook Medical. Obtain and protect endometrial samples: Tao Brush
endometrial sampler 2014. https://www.cookmedical.com/data/resources/
productReferences/WH-BM-TAODS-EN-201402.pdf. Accessed 03.31 2015.

51. Zhou X. Correcting For Verification Bias In Studies Of A Diagnostic Test’s
Accuracy. Stat Methods Med Res. 1998;7(4):337–53.

52. Mohammad Shahidul Islam, MSc, Abdullah H. Baqui, DrPh, Anita K. Zaidi,
SM, Zulfiqar A. Bhutta, PhD, Pinaki Panigrahi, PhD, Anuradha Bose, MD, Sajid
B. Soofi, FCPS, Abdul Momin Kazi, MPH, Dipak K. Mitra, PhD, Rita Isaac, MD,
Pritish Nanda, MPH, Nicholas E. Connor, MSc, Daniel E. Roth, DrPh, Shamim
A. Qazi, PhD, Shams Arifeen, DrPh, and Samir K. Saha, PhD, for the ANISA
Methods Group Laboratory Methods for Determining Etiology of Neonatal
Infection at Population-based Sites in South Asia: the ANISA Study (216-34).
Pediatric Infectious Disease Journal. 2016. In press.

53. Shakoor S, Reller M, Lefevre A, Hotwani A, Qureshi S, Yousuf F Et Al.
Diagnostic Methods To Determine Microbiology Of Postpartum
Endometritis In South Asia: Laboratory Methods Protocol Used In The
Postpartum Sepsis Study: A Prospective Cohort Study In press, Journal of
Reproductive Health. February, 2016.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Bartlett et al. Reproductive Health  (2016) 13:16 Page 10 of 10

http://dx.doi.org/10.1016/S0140-6736(08)60835-1
http://www.chrfbd.org/index.php/what-we-do/research/surveillance/116-anisa
http://www.chrfbd.org/index.php/what-we-do/research/surveillance/116-anisa
https://www.cookmedical.com/data/resources/productReferences/WH-BM-TAODS-EN-201402.pdf
https://www.cookmedical.com/data/resources/productReferences/WH-BM-TAODS-EN-201402.pdf
https://www.cookmedical.com/data/resources/productReferences/WH-BM-TAODS-EN-201402.pdf
https://www.cookmedical.com/data/resources/productReferences/WH-BM-TAODS-EN-201402.pdf

	Abstract
	Background
	Methods/Design
	Discussion

	Background
	Methods/Design
	Study design and procedures
	Sample size calculation and sampling strategy
	Laboratory methods
	Analysis plan
	Ethical considerations

	Discussion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



