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Abstract

Maternal sepsis after childbirth can be difficult to recognize because expected postpartum physiological
changes and common obstetric complications may resemble early infection. Conversely, sepsis may initially
occur without marked physiological abnormalities. This systematic review evaluated the diagnostic
performance and limitations of routine vital signs, shock index, and vital sign-based screening systems for
the early recognition of postpartum maternal sepsis. PubMed/MEDLINE, Scopus, Web of Science Core
Collection, and Google Scholar were searched through July 13, 2026, with supplementary citation and
manual searching. Eligible studies included postpartum populations and mixed obstetric populations with
relevant postpartum data. Two reviewers independently screened studies, extracted data, and assessed risk
of bias using design-appropriate tools. The primary synthesis examined diagnostic and screening
performance, while a secondary synthesis considered severity prediction. Owing to substantial clinical and
methodological heterogeneity, findings were synthesized narratively without meta-analysis. Nineteen
studies were included. Higher-sensitivity screening approaches generally produced more alerts and lower
specificity, whereas more specific approaches identified a smaller proportion of cases. In mixed obstetric
evidence, systemic inflammatory response syndrome favored sensitivity at the expense of specificity, while
quick Sequential Organ Failure Assessment showed greater specificity but lower sensitivity. Abnormal
temperature was frequently observed without confirmed infection, while sepsis could also occur without
fever; other vital signs and composite scores showed similarly context-dependent performance. Shock index
was more informative for severity prediction after suspected or confirmed infection than for initial
diagnosis. Most studies had important methodological limitations. Current evidence does not support the
use of any isolated vital sign or warning score to confirm or exclude postpartum maternal sepsis. Repeated
complete observations, assessment of physiological trends, and interpretation within the clinical context
may improve recognition.

Categories: Emergency Medicine, Epidemiology/Public Health, Internal Medicine
Keywords: maternal sepsis, postpartum period, puerperal infection, shock index, vital signs

Introduction And Background

Maternal sepsis remains an important and potentially preventable cause of maternal death. A recent WHO
systematic analysis estimated that pregnancy-related infection accounted for approximately 7% of maternal
deaths globally during 2009 to 2020, with most maternal deaths from sepsis occurring during the postpartum
period [1]. National surveillance from the United Kingdom showed that severe maternal sepsis can progress
rapidly even within well-resourced maternity services [2]. This underscores the importance of prompt
recognition. The postpartum period presents a particular diagnostic challenge because infection may
develop after an apparently uncomplicated birth, during recovery from obstetric interventions or
complications, or after discharge from maternity care.

Several physiological abnormalities used to identify sepsis may also occur during normal recovery after
childbirth. Pain, blood loss, medications, anesthesia, surgery, and fluid shifts may contribute to tachycardia,
tachypnea, temperature changes, or hypotension without invasive infection. Conversely, maternal sepsis
may initially present without marked physiological abnormalities. The limited specificity of conventional
systemic inflammatory response syndrome (SIRS) criteria has also been demonstrated in general adult
populations [3].

Early warning systems use physiological observations and predefined thresholds to identify women requiring
further assessment. Their interpretation depends on the population, thresholds, and clinical outcomes
evaluated. A recent scoping review of obstetric early warning systems found substantial heterogeneity in the
index tests and target conditions, limiting direct comparison across studies [4].
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The Sepsis-3 consensus defined sepsis as life-threatening organ dysfunction caused by a dysregulated host
response to infection, shifting emphasis away from inflammation alone [5]. Pregnancy-related and
postpartum physiological changes can complicate the application of general adult thresholds in maternity
care. Obstetric-specific early warning systems were developed to identify physiological deterioration in this
context. However, a recent systematic review of maternal early-warning scores identified substantial
methodological weaknesses, high risk of bias in most evaluated studies, and limited independent validation
[6]. The WHO defined maternal sepsis as a life-threatening condition characterized by organ dysfunction
resulting from infection during pregnancy, childbirth, the post-abortion period, or the postpartum period
[7]. This definition distinguishes maternal sepsis from infection without organ dysfunction.

Maternal sepsis may arise from obstetric or non-obstetric infections, and recognition requires integration of
physiological observations with symptoms, examination findings, laboratory evidence, and the suspected
infection source [8]. Professional guidance emphasizes prompt clinical assessment and cautious
interpretation of general adult screening approaches in obstetric populations [9]. The WHO Global Maternal
Sepsis Study demonstrated substantial variation in maternal infection and its clinical management across
health facilities in multiple countries [10]. More recent maternal sepsis guidance continues to emphasize
prompt evaluation when infection-related organ dysfunction is suspected [11]. These sources support
interpreting physiological findings within the wider obstetric clinical context rather than relying on an
isolated abnormal value or a single screening tool [8,11].

The available evidence addresses two distinct clinical purposes. Diagnostic studies assess whether vital signs
or screening systems identify infection or sepsis, whereas prognostic studies assess subsequent deterioration
among women with suspected or established infection. These applications should not be interpreted as
equivalent. Recent reviews of maternal and obstetric early warning systems have examined broad obstetric
populations and heterogeneous target outcomes rather than focusing specifically on postpartum sepsis
recognition [4,6]. Variation in intended use, thresholds, populations, and reference outcomes therefore
leaves uncertainty about the diagnostic performance of these approaches specifically among postpartum
women.

The present review distinguishes direct postpartum diagnostic evidence from supportive mixed obstetric,
descriptive, and prognostic evidence. It evaluates individual vital signs alongside composite warning
systems, focusing on two clinically important patterns: frequent screening alerts among women without
confirmed infection and incomplete detection among women with infection or sepsis. Postpartum timing,
delivery context, infection source, measurement approach, reference standards, and study design are
considered when interpreting apparent performance.

The primary research question was: among women from childbirth through 42 days postpartum, how
accurately and reliably do routine maternal vital signs and vital sign-based screening systems identify
postpartum maternal infection or sepsis? The primary aim was to evaluate the diagnostic performance and
clinical limitations of temperature, heart rate, respiratory rate, blood pressure, oxygen saturation, shock
index (the ratio of heart rate to systolic blood pressure), and obstetric warning systems for early postpartum
recognition. A secondary objective examined their prognostic value for infection-related deterioration
among women with suspected or confirmed infection. Additional objectives were to examine clinically
relevant variation in performance and identify priorities for postpartum-specific validation studies.

Review

Methods
Study Design and Reporting Framework

This systematic review was conducted in accordance with the PRISMA 2020 statement [12], and the narrative
synthesis was reported with reference to the Synthesis Without Meta-Analysis (SWiM) guideline [13]. The
review was not prospectively registered. The eligibility criteria, screening process, data extraction approach,
synthesis methods, and risk of bias procedures are reported transparently. The final search was completed
on July 13, 2026.

The primary review question was: among women from childbirth through 42 days postpartum, how
accurately and reliably do routine maternal vital signs and vital sign-based screening systems identify
postpartum maternal infection or sepsis? A secondary question examined whether these measures predicted
infection-related deterioration among women with suspected or confirmed infection.

The diagnostic review framework used to define the primary question and eligibility is summarized in Table
1.
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Component

Population

Index tests

Target
condition and
diagnostic
reference
standards

Primary
diagnostic
outcomes

Secondary
prognostic
outcomes

Eligible study
designs

Definition

Women from childbirth through 42 completed days postpartum. Mixed antepartum, intrapartum, and postpartum
populations were eligible when postpartum data were reported separately or when the study provided clearly relevant
supportive evidence applicable to postpartum maternal sepsis.

Routine maternal vital signs, including temperature, heart rate, respiratory rate, systolic or diastolic blood pressure,
mean arterial pressure, oxygen saturation, and shock index, together with vital sign-based sepsis screening or early
warning systems.

Postpartum maternal infection or sepsis assessed against an appropriate clinical, microbiological, or organ dysfunction
reference standard. Severe maternal outcome endpoints were treated as prognostic outcomes rather than diagnostic
reference standards.

Sensitivity, specificity, positive predictive value, negative predictive value, likelihood ratios, diagnostic OR, area under
the receiver operating characteristic curve, and screen positive rate. True positive, false positive, true negative, and false
negative classifications were used only when supported by a prespecified threshold and an appropriate diagnostic
reference standard.

Infection-related deterioration, organ dysfunction, septic shock, intensive care or high dependency admission,
mechanical ventilation, major surgery, hysterectomy, prolonged hospital stay, treatment delay, and maternal death.

Prospective and retrospective cohort studies, diagnostic accuracy studies, case-control studies, nested case-control
studies, cross sectional studies, prediction model development or validation studies, population surveillance studies, and
quality improvement or service evaluation studies reporting relevant diagnostic or prognostic data.

TABLE 1: Diagnostic review framework and eligibility definitions.

Diagnostic reference standards and prognostic outcome endpoints were treated as distinct methodological constructs throughout the review.

Eligibility Criteria

Studies were selected according to predefined eligibility criteria relating to the postpartum population, index
tests, diagnostic target conditions and reference standards, secondary prognostic outcomes, study design,
and availability of relevant data. The criteria were designed to prioritize direct postpartum diagnostic
evidence while allowing clinically relevant mixed obstetric and prognostic evidence to be retained as a
separate supportive evidence layer. The inclusion and exclusion criteria are summarized in Table 2.
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Category

Population
and timing

Postpartum
data

Index tests

Outcomes

Reference
standards

Study
design and
data
availability

Duplicate
or
overlapping
reports

Inclusion criteria

Postpartum women from birth through 42 days after delivery

Studies with clearly identifiable postpartum populations or
separately reported postpartum subgroup data. Mixed obstetric
studies were retained only as supportive evidence when they
included postpartum participants and evaluated a directly
relevant vital sign-based diagnostic, screening, prediction, or
prognostic system.

Routine maternal vital signs, derived physiological indices, or
obstetric sepsis screening or early warning systems, including
temperature, heart rate, respiratory rate, blood pressure,
oxygen saturation, shock index, SIRS, gSOFA, obstetric
modified SOFA, Sepsis in Obstetrics Score, MEOWS, MOEWS,
Maternal Early Warning Criteria, MEWS, NEWS, eCART, and
other relevant obstetric specific systems.

For diagnostic analyses, postpartum infection or maternal
sepsis. For the secondary prognostic component, infection-
related deterioration, organ dysfunction, septic shock, intensive
care admission, major intervention, or maternal death.

For diagnostic analyses, an appropriate clinical,

microbiological, or organ dysfunction reference standard.
Severe maternal outcome endpoints were treated as prognostic
outcomes rather than diagnostic reference standards.

Eligible study designs reporting extractable data relevant to the
index test and diagnostic or prognostic outcome.

For multiple publications from the same or substantially
overlapping population, the most complete peer reviewed
report containing the most relevant postpartum vital sign or
outcome data was retained. Companion reports were used only
when they provided unique outcomes without duplicating
participants or events.

TABLE 2: Inclusion and exclusion criteria.

Exclusion criteria

Studies conducted exclusively during pregnancy or labor
without relevant postpartum applicability

Studies without relevant postpartum applicability or usable
postpartum evidence.

Studies that did not assess a routine vital sign, derived
physiological index, or vital sign-based screening system.
Studies focused solely on biomarkers, microbiology,
imaging, treatment, antibiotic prophylaxis, prevalence, or
infection risk factors without directly extractable diagnostic
or prognostic vital sign data.

Studies evaluating noninfectious obstetric morbidity
without a separate infection, sepsis, or infection-related
prognostic outcome.

Studies lacking an eligible diagnostic reference standard
or a clearly defined infection-related prognostic outcome.

Reviews, systematic reviews, meta analyses, editorials,
commentaries, letters, case reports, protocols without
completed results, qualitative studies, surveys, conference
abstracts without sufficient data, animal studies,
implementation only studies without eligible diagnostic
validation or outcome data, and reports without extractable
data relevant to the index test or outcome.

Duplicate or substantially overlapping reports that did not
provide unique eligible data.

eCART, electronic Cardiac Arrest Risk Triage score; MEOWS, Maternal Early Obstetric Warning System; MEWC, Maternal Early Warning Criteria; MEWS,
Modified Early Warning Score; MOEWS, Modified Obstetric Early Warning System; NEWS, National Early Warning Score; omSOFA, obstetric modified
Sequential Organ Failure Assessment; gSOFA, quick Sequential Organ Failure Assessment; SIRS, systemic inflammatory response syndrome; SOS,
Sepsis in Obstetrics Score

Mixed obstetric studies without separate postpartum estimates were considered supportive evidence only
and were analyzed separately from studies providing direct postpartum diagnostic data. They were not
treated as equivalent sources of postpartum diagnostic accuracy.

The eligibility framework therefore preserved the distinction between evidence used for early diagnostic
recognition and evidence used for subsequent severity prediction.

Methodological quality was not used as an eligibility criterion. Risk of bias was assessed after study inclusion
and was used only to inform interpretation of the evidence.

Information Sources and Search Strategy

The search strategy combined four concepts: the postpartum population, maternal infection or sepsis,
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routine vital signs or obstetric warning systems, and diagnostic or prognostic performance. Database-
specific syntax was adapted to each platform. The complete strategies used are presented in Table 3.

Database/source  Search strategy

(("Postpartum Period"[Mesh] OR postpartum(tiab] OR postnatal[tiab] OR puerperal[tiab] OR puerperiuml[tiab] OR
"after childbirth"[tiab] OR "after delivery"[tiab]) AND ("Sepsis"[Mesh] OR "Puerperal Infection"[Mesh] OR "maternal
sepsis"[tiab] OR "postpartum sepsis"[tiab] OR "puerperal sepsis"[tiab] OR "postpartum infection"[tiab] OR "maternal
infection"[tiab] OR bacteremia[tiab] OR bacteraemia[tiab]) AND ("Vital Signs"[Mesh] OR temperature[tiab] OR
fevertiab] OR hypothermial[tiab] OR tachycardia[tiab] OR "heart rate"[tiab] OR "respiratory rate"[tiab] OR

PubMed/MEDLINE tachypnealtiab] OR tachypnoealtiab] OR "blood pressure"[tiab] OR hypotension[tiab] OR "oxygen saturation"[tiab] OR
SpO2[tiab] OR "shock index"[tiab] OR SIRS[tiab] OR gSOFA[tiab] OR SOFA[tiab] OR MEOWS][tiab] OR
MOEWSI[tiab] OR MEWC][tiab] OR MEWSJtiab] OR NEWSJtiab] OR "early warning system"[tiab] OR "early warning
score"[tiab] OR "Sepsis in Obstetrics Score"[tiab]) AND (screen*[tiab] OR diagnos*[tiab] OR recogn*[tiab] OR detect*
[tiab] OR predict*[tiab] OR sensitivity[tiab] OR specificity[tiab] OR accuracy[tiab] OR "predictive value"[tiab] OR
deterioration[tiab] OR "severe maternal outcome"[tiab] OR mortality[tiab]))

TITLE-ABS-KEY ((postpartum OR postnatal OR puerperal OR puerperium OR "after childbirth" OR "after delivery")
AND (sepsis OR "maternal sepsis" OR "postpartum sepsis" OR "puerperal sepsis" OR "postpartum infection" OR
"maternal infection" OR bacteremia OR bacteraemia) AND ("vital signs" OR temperature OR fever OR hypothermia
OR tachycardia OR "heart rate" OR "respiratory rate" OR tachypnea OR tachypnoea OR "blood pressure” OR
hypotension OR "oxygen saturation" OR SpO2 OR "shock index" OR SIRS OR qSOFA OR SOFA OR MEOWS OR
MOEWS OR MEWC OR MEWS OR NEWS OR "early warning system" OR "early warning score" OR "Sepsis in
Obstetrics Score") AND (screen* OR diagnos* OR recogn* OR detect* OR predict* OR sensitivity OR specificity OR
accuracy OR "predictive value" OR deterioration OR "severe maternal outcome" OR mortality))

Scopus

TS=((postpartum OR postnatal OR puerperal OR puerperium OR "after childbirth" OR "after delivery") AND (sepsis
OR "maternal sepsis" OR "postpartum sepsis" OR "puerperal sepsis" OR "postpartum infection" OR "maternal
infection" OR bacteremia OR bacteraemia) AND ("vital signs" OR temperature OR fever OR hypothermia OR

Web of Science tachycardia OR "heart rate” OR "respiratory rate" OR tachypnea OR tachypnoea OR "blood pressure" OR

Core Collection hypotension OR "oxygen saturation" OR SpO2 OR "shock index" OR SIRS OR qSOFA OR SOFA OR MEOWS OR
MOEWS OR MEWC OR MEWS OR NEWS OR "early warning system" OR "early warning score" OR "Sepsis in
Obstetrics Score") AND (screen* OR diagnos* OR recogn* OR detect* OR predict* OR sensitivity OR specificity OR
accuracy OR "predictive value" OR deterioration OR "severe maternal outcome" OR mortality))

(postpartum OR postnatal OR puerperal OR puerperium) AND (sepsis OR "maternal sepsis" OR "postpartum sepsis"
OR "puerperal sepsis" OR "postpartum infection") AND ("vital signs" OR temperature OR fever OR tachycardia OR
Google Scholar "heart rate" OR "respiratory rate" OR hypotension OR "oxygen saturation" OR "shock index" OR SIRS OR qSOFA OR
MEOWS OR "early warning score") AND (screening OR diagnosis OR recognition OR detection OR prediction OR
sensitivity OR specificity). Exact title and author name searches were used to retrieve potentially eligible reports.

TABLE 3: Search strategies for PubMed/MEDLINE, Scopus, Web of Science Core Collection, and
Google Scholar.

Searches covered database inception through July 13, 2026 for PubMed/MEDLINE, Scopus, and Web of Science Core Collection; Google Scholar was
searched through July 13, 2026. No publication date restriction was applied, and eligibility was restricted to English-language reports.

MeSH, Medical Subject Headings; tiab, title and abstract; TITLE ABS KEY, title, abstract, and keywords; TS, topic search

Supplementary searching comprised Google Scholar searches, backward reference screening, and forward
citation searching. Google Scholar was used to identify potentially eligible studies through combinations of
the four review concepts and to retrieve known reports through exact title and author name searches. The
first 100 Google Scholar results were screened in the default relevance order. Results became increasingly
unrelated to the review question from approximately the 70th result onward, and screening was stopped
after the 100th result. This stopping decision was made during screening rather than specified in advance.
Backward searching involved screening the reference lists of all included studies and relevant reviews.
Forward citation searching sought later studies evaluating the same vital signs, scoring systems, or
populations. Reports identified through supplementary searching were subject to the same eligibility criteria
and duplicate removal procedures as database records.

Citation details were compared across all sources to identify title variations, incomplete records, duplicate
publications, and overlapping cohorts. When the same study was identified from more than one source, only
one bibliographic record was retained for screening.
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Record Management and Duplicate Removal

All retrieved records were entered into a structured Excel screening spreadsheet (Microsoft Corporation,
Redmond, WA, USA). Duplicate records were identified by comparing titles, author names, publication year,
DOI, PMID, journal, and publisher records. Minor differences in punctuation, title wording, spelling, or
author order were manually reviewed before records were classified as duplicates.

Where the same study appeared in more than one database or supplementary source, only one bibliographic
record was retained for screening. When a preliminary report and a later complete peer-reviewed article
described the same cohort, the most complete full-text publication was retained.

Study Selection

Study selection was conducted in two stages. First, titles and available abstracts or bibliographic information
were screened against the predefined eligibility criteria. Nonoriginal reports, nonhuman studies, and records
addressing an ineligible population, index test, outcome, or study design were excluded at this stage.

Second, the full-text of potentially eligible reports was assessed against the predefined eligibility criteria.
DOI records, bibliographic database entries, and publisher information were used when needed to verify
publication identity and eligibility. Exclusion reasons were assigned according to the categories summarized
in Table 2.

Two reviewers independently screened titles, abstracts, and full-text reports. Disagreements were resolved
through discussion and consensus. A third reviewer was available to adjudicate unresolved disagreements. A
formal inter-reviewer agreement statistic was not calculated.

Verified publications for which a complete report could not be obtained were recorded as reports not
retrieved. Records that could not be verified as published reports were excluded during metadata screening
and were not counted as full-text reports.

Evidence Layer Classification

Included studies were classified into two evidence layers before synthesis. Layer 1 consisted of direct
postpartum diagnostic evidence and included studies restricted to postpartum women or studies reporting
separately extractable postpartum diagnostic data. These studies were used to address the primary review
question concerning early recognition of postpartum maternal infection or sepsis.

Layer 2 consisted of supportive evidence and included mixed obstetric studies without separate postpartum
performance estimates, descriptive studies, and studies evaluating severity or deterioration after infection
or sepsis had already been suspected or diagnosed. Layer 2 studies were used to contextualize the
interpretation of routine vital signs, early warning tools, and severity prediction but were not treated as
equivalent to direct postpartum diagnostic evidence.

Data Extraction

Two reviewers independently extracted data from each included study using a standardized Excel workbook
developed for this review. The extraction form was refined during extraction of an initial subset of studies
before being applied to the complete evidence set. Extracted data were compared for completeness and
consistency, and disagreements were resolved through discussion and consensus.

Extracted study characteristics were grouped into bibliographic and contextual variables, study design
variables, and population variables. These included first author, publication year, country, resource setting,
clinical setting, study design, prospective or retrospective data collection, recruitment period, number of
centers, total sample size, number of postpartum participants, number of infection or sepsis cases,
comparison group, where applicable, postpartum timing, mode of delivery, infection source, and evidence
layer classification. Resource setting and clinical setting were retained as separate variables because they
described different aspects of the study context.

For each individual vital sign or composite tool, the reviewers extracted the index test, tool version,
physiological components, measurement method, measurement frequency, threshold or trigger rule,
whether the threshold was prespecified, and whether a single, first, worst, peak, minimum, or repeated value
was used. Particular attention was given to timing relative to childbirth, postpartum phase, and the timing
of sepsis recognition because the clinical meaning of the same physiological abnormality may vary across the
postpartum period.

The reference standard was recorded as reported and categorized as microbiologically confirmed infection,
clinically adjudicated infection, or maternal sepsis with organ dysfunction. Severe maternal outcome
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endpoints, including intensive care admission, septic shock, major intervention, or maternal death, were
recorded separately as prognostic outcomes rather than diagnostic reference standards. The reviewers also
recorded whether a diagnostic reference standard incorporated any of the vital signs being evaluated.

When an index test was evaluated against an appropriate diagnostic reference standard, extracted
performance data included true positive, false positive, true negative, and false negative counts; sensitivity;
specificity; positive predictive value; negative predictive value; likelihood ratios; diagnostic OR; area under
the receiver operating characteristic curve; screen positive rate; and confidence intervals. When complete 2
by 2 data were available but summary measures were not reported, the review team calculated sensitivity as
TP/(TP + FN), specificity as TN/(TN + FP), positive predictive value as TP/(TP + FP), and negative predictive
value as TN/(TN + FN), where TP, FN, TN, and FP denote true positives, false negatives, true negatives, and
false positives, respectively. These estimates were labelled as reviewer-calculated values to distinguish them
from estimates reported in the original studies. No diagnostic classification was assigned when a
prespecified threshold or an appropriate diagnostic reference standard was absent.

Descriptive clinical patterns were extracted separately from formal diagnostic performance measures. These
included fever or hypothermia without confirmed infection, sepsis without fever, tachycardia among women
without sepsis, sepsis without tachycardia, and sepsis occurring without tachypnea, hypotension, or
hypoxemia, together with incomplete or selectively recorded physiological measurements. These patterns
were not labelled as false positive or false negative findings unless a prespecified threshold and an
appropriate diagnostic reference standard permitted that classification.

Secondary prognostic outcomes included infection-related organ dysfunction, septic shock, intensive care or
high dependency admission, mechanical ventilation, major surgery, hysterectomy, length of stay,
readmission, time from the first abnormal sign to recognition, time to antibiotic treatment, time to source
control or transfer, and maternal death.

Study authors were not contacted for missing data. Information that was not reported was recorded as not
reported rather than being assumed to represent absence of the characteristic or outcome.

Outcomes

The primary outcomes were formal measures of diagnostic performance and clinical limitations of
individual routine vital signs and vital sign-based screening systems for postpartum maternal infection or
sepsis. These included sensitivity, specificity, positive and negative predictive values, likelihood ratios,
diagnostic OR, area under the receiver operating characteristic curve, and screen positive rates. True
positive, false positive, true negative, and false negative classifications were used only when the study
evaluated a prespecified threshold against an appropriate diagnostic reference standard. Descriptive
patterns, such as abnormal observations without confirmed infection or sepsis occurring without a specified
physiological abnormality, were analyzed separately from formal diagnostic accuracy measures.

Secondary outcomes concerned prognosis after suspected or confirmed infection and included infection-
related clinical deterioration, organ dysfunction, septic shock, intensive care admission, mechanical
ventilation, major surgical intervention, prolonged hospitalization, treatment delay, and maternal death.

Differences in outcome definitions, index test thresholds, postpartum timing, measurement frequency,
reference standards, and intended clinical purpose were recorded and considered during synthesis.

Risk of Bias Assessment

Risk of bias was assessed after study inclusion by two reviewers independently, and disagreements were
resolved through discussion and consensus. Diagnostic accuracy studies were assessed using the Quality
Assessment of Diagnostic Accuracy Studies 2 tool [14]. Risk of bias judgments addressed the internal validity
of the reported diagnostic estimates across patient selection, index test, reference standard, and participant
flow and timing. Applicability concerns were considered separately and addressed how closely the study
population, index test, and reference standard corresponded to the postpartum diagnostic question of this
review.

Prediction model development, validation, and prognostic score or marker studies were assessed using the
Prediction Model Risk of Bias Assessment Tool [15]. The domains included participant selection, predictor
definition and measurement, outcome definition and measurement, and statistical analysis. Particular
attention was given to small event numbers, post hoc threshold testing, missing data, overfitting,
calibration, internal and external validation, and evaluation of a model or threshold in the same sample in
which it was developed.

Cohort, case-control, surveillance, descriptive, and quality improvement studies that were not appropriately
classified as diagnostic accuracy or prediction studies underwent a structured qualitative appraisal informed
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by the relevant Joanna Briggs Institute critical appraisal criteria [16]. The appraisal considered participant
selection, exposure measurement, outcome ascertainment, confounding, completeness of follow-up, and
appropriateness of statistical analysis.

Additional concerns affecting internal validity included incorporation of the evaluated vital signs into the
sepsis definition, differential verification when only women with abnormal observations underwent
complete infection assessment, and selective exclusion of participants with missing score components.
Restriction to SIRS positive or intensive care populations was considered in relation to patient selection and
the intended use of the test. Mixed obstetric populations and the absence of separately reported postpartum
results were considered limitations of applicability to the postpartum review question rather than, by
themselves, evidence of high risk of bias. Overlapping cohorts were considered when assessing the
independence of evidence contributed to the synthesis.

For QUADAS 2 and PROBAST, domain judgments were recorded as low, high, or unclear risk of bias in
accordance with the respective tools, and applicability concerns were recorded separately where relevant.
For the JBI-informed qualitative appraisal, study-specific methodological concerns were summarized.
Overall categories of low, moderate, or high methodological concern represented review-defined qualitative
interpretations of the concerns described for each study. No numerical score or summed threshold was used,
and these categories were not formal or validated JBI classifications.

All risk of bias and methodological concern judgments were used only to guide interpretation of the evidence
and were not used as exclusion criteria. Individual study judgments are presented by assessment domain.
The principal methodological concerns identified across these assessments are summarized in the Results
under Risk of Bias.

Data Synthesis

A narrative synthesis was performed in accordance with the SWiM reporting guideline [13]. Meta-analysis
was not performed because the included studies differed substantially in postpartum timing, population
selection, index tests, thresholds, diagnostic reference standards, prognostic endpoints, intended clinical
purpose, sampling methods, study design, and reported performance measures. Comparable 2 by 2
diagnostic data were available for only a limited subset of studies, and pooling clinically different diagnostic
and prognostic questions was considered potentially misleading. Reported estimates were compared
descriptively within the relevant clinical purpose and evidence layer. No formal between-study statistical
tests, indirect comparisons between tools, or pooled estimates were performed. Differences between tools
were not interpreted as statistically significant unless such comparisons had been formally tested in the
original study.

The synthesis was organized by clinical purpose. Evidence concerning early detection and diagnostic
assessment was considered first, beginning with direct postpartum studies and followed by supportive

mixed obstetric screening studies. Models intended to identify infection or sepsis were interpreted within the
diagnostic component, whereas models intended to predict subsequent deterioration among women with
suspected or confirmed infection were interpreted within the prognostic component. Their placement
together did not imply an equivalent clinical purpose. Within each component, findings were grouped by
individual vital sign or composite tool, including temperature, heart rate, respiratory rate, blood pressure,
shock index, oxygen saturation, and obstetric warning systems.

Within each clinical purpose and evidence layer, findings were compared descriptively according to the
target condition or outcome, reference standard, index test threshold, and timing of measurement.
Sensitivity, specificity, predictive values, and area under the curve were interpreted in relation to the
population and outcome evaluated. Estimates addressing infection detection, culture positivity, organ
dysfunction, or subsequent severe outcomes were not treated as interchangeable. Formal diagnostic
performance measures were also distinguished from descriptive observations of abnormal vital signs without
confirmed infection or sepsis without a specified physiological abnormality.

Interpretation considered postpartum phase, mode of delivery, infection source, resource and clinical
setting, study design, measurement frequency, missing data, reference standard validity, and risk of bias.
Directness to postpartum women, methodological limitations, and consistency across clinically relevant
studies informed the strength and scope of the conclusions. Findings from selected or mixed populations
were interpreted within those limits. Overlapping reports contributed only once to each outcome.

Assessment of Certainty

A formal GRADE assessment was not performed because the review combined heterogeneous diagnostic
accuracy, prediction, prognostic, cohort, surveillance, and descriptive evidence addressing different clinical
questions.

Certainty was interpreted narratively according to study design, consistency, directness to postpartum
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women, number of studies and events, sample size, reference standard validity, completeness of vital sign
measurement, risk of bias, external validation, and heterogeneity in thresholds and outcome definitions.
These factors informed the wording of the Discussion and Conclusion.

Results

Study Selection

The search identified 488 records from all search sources. After removal of 33 duplicates, 455 unique records
underwent title, abstract, or metadata screening, and 412 were excluded because they did not meet the
eligibility criteria. Full-text retrieval was sought for 43 reports. Eleven reports could not be retrieved, leaving
32 full-text reports for eligibility assessment. Thirteen reports were excluded according to the predefined
eligibility criteria. Nineteen studies were included in the narrative synthesis [17-35]. Six studies provided
direct postpartum diagnostic evidence [17-22], whereas 13 provided supportive mixed population,
descriptive, or prognostic evidence [23-35]. This evidence layer distinction was retained throughout the
subsequent Results sections.

The study selection process is summarized in Figure 1.

[ Identification of studies via databases and registers ]
5
= Records identified from: Records removed before screening:
2 . = [
% Databases ("_ 488) « Duplicate records removed (n = 33)
= * Registers (n =0) * Records removed for other reasons (n = 0)
Records screened (n = 455) —| Records excluded (n = 412)
\ 4
=] Reports sought for retrieval (n=43) |————| Reports not retrieved (n=11)
=
3
b v
(7]
Reports assessed for eligibility (n = 32) ————| Reports excluded after full-text
assessment (n = 13):
Wrong population or postpartum timing (n = 3)
Wrong index test, outcome, or reference
standard (n = 4)
L Implementation-only design without
— y diagnostic validation (n = 2)
3 e ) : Wrong or ineligible study design (n = 2)
3 Studies included in review (n = 19) Duplicate or overlapping population (n = 2)
©
£

FIGURE 1: PRISMA 2020 flow diagram for study identification,
screening, eligibility assessment, and inclusion.

The diagram summarizes the identification, screening, full-text eligibility assessment, exclusion, and final inclusion
of 19 studies.

Study Characteristics

The 19 included studies were published between 2018 and 2025 and were conducted across North America,
Europe, Africa, and South Asia, with one multinational analysis covering 46 countries [17-35]. Six studies
enrolled postpartum-only populations or reported directly extractable postpartum results [17-22]. The
remaining studies evaluated mixed obstetric populations, severity after suspected or confirmed infection, or
maternal sepsis surveillance [23-35]. Designs included prospective and retrospective cohorts, nested and
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Study Country/setting
Shafik et al. USA; single
(2019) [17] hospital
Hannola et al. Finland; tertiary
(2021) [18] hospital

Bakhtawar et al. Pakistan; tertiary

(2020) [19] hospital

Ngonzi et al. Uganda; regional
(2018) [20] referral hospital
Ngunyi et al. Cameroon; tertiary
(2020) [21] referral hospital

Bangladesh and
LeFevre et al

Pakistan;
(2021) [22]

community sites
Champagne

USA; maternity
and Garabedian

service
(2020) 23]

USA and Israel;
Bauer et al.

seven academic
(2019) [24]

centers
Arnolds et al. USA,; tertiary
(2022) [25] hospital

Chimwaza etal. 46 countries; WHO

(2025) [26] GLOSS cohort

Nathan et al. South Africa; three

(2019) [27] tertiary hospitals
India; tertiary

Agarwal et al. obstetric

(2019) [28] emergency
department

Reicher et al. Israel; tertiary

(2023) [29] hospital

Kuhrt et al. Sierra Leone; three

(2025) [30] hospitals

Dohare et al. India; tertiary

(2025) [31] hospital

matched case-control studies, diagnostic accuracy analyses, prognostic score evaluations, population
surveillance, and quality improvement evaluations. Sample sizes varied markedly, from 25 patients in a

tertiary intensive care cohort to 19,611 obstetric ward admissions. Postpartum observation windows ranged

from the first 24 hours after birth to 42 days postpartum, although several mixed studies did not report

postpartum-specific estimates. The evaluated index tests included individual vital signs, shock index, SIRS,
qSOFA, SOFA-derived scores, the Sepsis in Obstetrics Score, MEOWS, MOEWS, and MEWC variants, eCART,

NICE risk stratification tools, and community clinical algorithms.

The main characteristics of the included studies are summarized in Table 4.

Design

Retrospective
consecutive chart

review

Prospective high-risk

cohort

Nested case-
control/model

development

Prospective cohort

Retrospective hospital

cohort

Nested case-control

diagnostic validation

Retrospective quality-
improvement

evaluation

Multicenter
retrospective case-

control

Retrospective EHR

cohort/external score

Sample

(n = 638) immediate postpartum

women; sepsis cases (n = 8)

(n = 828) women; postpartum infections

(n=233)

(n = 598) postpartum women; SIRS-
defined cases (n = 100); controls (n =

498)

(n = 4,231) women; fever/hypothermia

(n = 205); confirmed infections (n = 84)

(n = 1,520) postpartum records; pyrexia

cases (n = 134)

(n = 856) postpartum women across

three sites

(n=5,075) births; sepsis episodes (n =

204)

Severe sepsis cases (n = 82); controls

(n = 328); score analysis (n = 240)

(n =19,611) antepartum/postpartum

admissions; infections (n = 88)

infection; severe

validation
Secondary (n = 2,560) women with
ognostic
validation maternal outcomes (n = 381)
(n = 126) maternal sepsis cases;
Prospective

prognostic cohort

Prospective

prognostic validation

Retrospective
postpartum infection

cohort

Prospective

prognostic cohort

Prospective
observational score

study

deaths (n = 10); antenatal diagnoses (n

=13)

(n =100) SIRS-positive women;
postpartum (n = 67); severe sepsis (n =

58)

(n = 57) culture-confirmed postpartum

GAS infections; ICU/STSS (n = 12)

(n = 855) maternal sepsis cases;

deaths (n = 43)

(n = 225) SIRS-positive women;

puerperal (n = 117)
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Postpartum timing

0-24 hours

First 24 hours

Within 42 days; exact

timing unclear

In-hospital postpartum

Days 1-10 postpartum

Community postpartum

visits.

Antepartum,
intrapartum, postpartum

and readmission

Delivery hospitalization;

mixed peripartum

Ward admission;
immediate post-birth

period excluded

Pregnancy to 42 days

postpartum; mixed

Predominantly postnatal

Up to 6 weeks

postpartum; mixed

Early and late

postpartum

Antepartum/postpartum

mixed

Antenatal and within 42

days postpartum

Index test

SIRS and individual

components

Obstetric Early Warning

System (OEWS)

Clinical model including SpO;,

symptoms and risk factors

Temperature screening plus
structured
clinical/microbiological

assessment

Postpartum

temperature/pyrexia

CHW clinical algorithm:
measuredireported fever, pain

and discharge

Obstetric-adjusted SIRS

pathway

SIRS, gSOFA and modified

MEW criteria

MEWS, NEWS, eCART,

MEOWS, MEWC and MEWT

21 early wamning systems

First and worst shock index

after diagnosis

Sepsis in Obstetrics Score

(S08)

Fever, tachycardia, CRP and

treatment delay

First and worst shock index

Sepsis in Obstetrics Score

Reference outcome or endpoint

Clinical chart diagnosis of acute

postpartum sepsis

Composite puerperal infection

outcome

SIRS-defined postpartum sepsis

Endometritis, UTI or bloodstream

infection

Etiological diagnosis including

malaria, UTI and puerperal sepsis

Physician assessment using the

Evidence role

Layer 1: direct

postpartum

Layer 1: direct

postpartum

Layer 1: direct

postpartum

Layer 1: direct

postpartum

Layer 1: direct

postpartum

Layer 1: direct

same clinical algorithm postpartum
Sepsis defined by positive SIRS Layer 2:
screen plus infection textual/mixed
Verified severe sepsis with organ Layer 2:
failure/t textual/mixed
New infection defined by blood-

Layer 2:
culture order plus sustained

contextual/mixed
antibiotic treatment
Infection-related WHO near miss or  Layer 2:

maternal death

Death, critical-care admission,

major procedure and hysterectomy

Organ failure/severe pregnancy-

associated sepsis

STSS and ICU admission

Death, major procedure, severe

anemia and transfusion

Maternal morbidity, transfer, MODS

and death

contextual/mixed

Layer 2: prognostic

Layer 2: prognostic

Layer 2: prognostic

Layer 2: prognostic

Layer 2: prognostic
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Suspected sepsis (n = 89); complete

Abutheraa et al. Scotland; three Retrospective Mixed maternity Layer 2:
cases (n = 75); positive cultures (n = mSIRS, GSOFA and MEWS Positive microbiological culture

(2021) [32] maternity hospitals  diagnostic cohort population contextual/mixed
29)

(n = 25) ICU patients with maternal

Karatas et al. Retrospective P I rium SOS and obstetri dified ICU stay >72 hours and septic
Turkey; tertiary ICU sepsis; after delivery (n = 10); septic Layer 2: prognostic
(2025) [33] prognostic cohort mixed SOFA shock
shock (n = 3)
Italy; six-region Prospective Peripartum sepsis (n = 219);
Ornaghi et al. Up to 42 days Routine signs/symptoms and Maternal sepsis; serious maternal Layer 2:
cohort + tpartum cases (n = 150); controls (n
(2023) [34] postpartum organ-failure criteria adverse events contextual/descriptive
surveillance nested case-control =297)
Retrospective cohort +  (n = 5,182) deliveries; infections (n =
Kvalvik et al. Norway; tertiary Up to 42 days Routine vital signs and ICD-10 Expert-adjudicated Layer 2:
code-accuracy 402); maternal sepsis (n = 18);
(2024) [35] hospital postpartum 085 code maternal/puerperal sepsis contextual/descriptive
analysis postpartum sepsis (n = 13)

TABLE 4: Characteristics of the included studies.

CHW, community health worker; eCART, electronic Cardiac Arrest Risk Triage; EHR, electronic health record; GAS, group A Streptococcus; GLOSS,
Global Maternal Sepsis Study; MEW/MEWS, Modified Early Warning/Modified Early Warning Score; MEWC, Maternal Early Warning Criteria;
MEOWS/MOEWS, Maternal/Modified Obstetric Early Warning System; NEWS, National Early Warning Score; OEWS, Obstetric Early Warning System;
gSOFA, quick Sequential Organ Failure Assessment; SIRS, systemic inflammatory response syndrome; SOS, Sepsis in Obstetrics Score; SpO,,
peripheral oxygen saturation; STSS, streptococcal toxic shock syndrome

Key Findings

Direct postpartum diagnostic and screening evidence: The six direct postpartum studies demonstrated
substantial variation in the performance of routine vital signs and screening tools [17-22]. In the immediate
postpartum cohort reported by Shafik et al. (2019) [17], 460 of 638 women (72.1%) met SIRS criteria,
although only eight women (1.25%) had sepsis. All eight sepsis cases screened positive, but 452 women
without sepsis also met SIRS criteria, corresponding to reviewer-calculated sensitivity of 100%, specificity of
28.3%, positive predictive value of 1.7%, and negative predictive value of 100%. Abnormal temperature was
the only individual SIRS component independently associated with sepsis. In Hannola et al. (2021) [18], an
Obstetric Early Warning System red trigger had sensitivity of 51.5%, specificity of 83.2%, positive predictive
value of 14.6%, and negative predictive value of 96.8% for postpartum infection; yellow triggers had
sensitivity of 12.1%. SIRS produced frequent alerts in the Shafik cohort, whereas red warning triggers
identified approximately half of postpartum infections in the Hannola cohort.

The postpartum model reported by Bakhtawar et al. (2020) [19] had an area under the curve of 0.84, and
SpO2 below 93% was associated with the SIRS-defined sepsis outcome. At the high sensitivity cutoff, the
model had sensitivity of 82.0%, specificity of 64.8%, positive predictive value of 31.9%, and negative
predictive value of 94.7%. In Ngonzi et al. (2018) [20], 205 of 4,176 women with temperature data developed
fever or hypothermia; among the 174 women who underwent complete assessment, 84 (48%) had a
confirmed infection, and 90 (52%) had no identified infectious source. In Ngunyi et al. (2020) [21],
postpartum pyrexia occurred in 134 of 1,520 women, and puerperal sepsis accounted for 17.9% of pyrexia
cases. The two cohorts reported different causes of abnormal postpartum temperature. The community
algorithm evaluated by LeFevre et al. (2021) [22] had adjusted sensitivity of 82% and specificity of 90%, with
site-specific performance varying across Bangladesh and Pakistan.

The direct postpartum diagnostic and screening findings are summarized in Table 5.
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Study

Shafik et
al. (2019)
[17]

Hannola
etal.
(2021)
[18]

Bakhtawar
etal.
(2020)

[19]

Ngonzi et
al. (2018)
[20]

Ngunyi et
al. (2020)
[21]

LeFevre et
al. (2021)
[22]

Key quantitative findings

SIRS positive in 460/638 (72.1%); sepsis in 8/638 (1.25%). All 8 cases met SIRS,
but 452/630 women without sepsis also met SIRS. Reviewer-calculated sensitivity
100%, specificity 28.3%, PPV 1.7%, NPV 100%. Abnormal temperature was the
only SIRS component independently associated with sepsis (OR 25.90, 95% CI
3.17-211.52).

For 33 infections, any red OEWS trigger had sensitivity 51.5%, specificity 83.2%,

PPV 14.6% and NPV 96.8%. Yellow triggers had sensitivity 12.1% and PPV 2.7%.

A red heart-rate trigger was independently associated with infection (adjusted OR
3.25, 95% Cl1 1.03-10.29).

The multivariable model had AUC 0.84 (95% CI 0.80-0.89). SpO, <93% was
strongly associated with SIRS-defined sepsis (adjusted OR 13.0, 95% CI 4.80-
37.10). At the high-sensitivity cutoff, sensitivity was 82.0%, specificity 64.8%, PPV
31.9% and NPV 94.7%.

Temperature was recorded in 4,176/4,231 (99%); 205 women (5%) developed
fever >38 °C or hypothermia <36 °C. Among 174 fully evaluated abnormal-
temperature women, 84 (48%) had a confirmed infection and 90 (52%) had no
source. Overall infection incidence was 84/4,231 (2%).

Postpartum pyrexia occurred in 134/1,520 women (8.82%). The reported causes
were malaria 46.7%, UTI 18.7%, puerperal sepsis 17.9%, and pneumonia 8.7%;
multiple causes were possible. Most pyrexia occurred in the first 3 days
postpartum.

Across three community sites, adjusted sensitivity of the CHW algorithm was 82%
and specificity 90% (site sensitivity 78%-95%; specificity 85%-95%). Agreement
was highest for measured fever (k = 0.84-0.97) and lowest for lower abdominal
pain.

TABLE 5: Direct postpartum diagnostic and screening evidence.

Observed performance and
methodological considerations

High screen-positive rate and low
specificity in the immediate postpartum
period.

Red triggers identified approximately
half of infections; positive predictive
value was low.

Model performance was reported in a
direct postpartum population; the SIRS-
based outcome definition and treatment
of missing SpO, values increased risk
of bias.

Abnormal temperature had limited rule-

in value; equivalent reference-standard

testing was not applied to normothermic
women.

Pyrexia had several infectious
etiologies, and puerperal sepsis
accounted for a minority of cases.

Performance varied by site; the
physician reference assessment used
substantially overlapping clinical
criteria.

AUC, area under the receiver operating characteristic curve; CHW, community health worker; NPV, negative predictive value; OEWS, Obstetric Early
Warning System; PPV, positive predictive value; SIRS, systemic inflammatory response syndrome; SpO,, peripheral oxygen saturation

Mixed obstetric screening and early warning tools: Five mixed population studies evaluated obstetric
screening systems or early warning tools [23-26,32]. In Champagne and Garabedian (2020) [23], 204 sepsis
episodes were identified among 5,075 births; 35 episodes occurred postpartum, 10 occurred during
postpartum readmission, and 20 were identified from immediately before delivery through three hours after
birth. Fourteen combinations of SIRS abnormalities were observed, and postpartum-specific diagnostic
performance was not reported. Bauer et al. (2019) [24] reported sensitivity and specificity of 93% and 63%
for SIRS, 50% and 95% for qSOFA, and 82% and 87% for modified maternal early warning criteria.

The remaining mixed population studies addressed different clinical outcomes, and their performance
estimates were therefore not treated as directly comparable. Arnolds et al. (2022) [25] evaluated detection of
new infection and reported an area under the curve of 0.79 for heart rate alone, compared with 0.77 for
eCART and 0.71 for both MEWS and NEWS. The WHO GLOSS analysis evaluated prediction of severe
maternal outcomes among women with suspected or confirmed infection; the NICE postpartum or post
abortion tool had sensitivity of 97.6% and specificity of 11.8%, modified shock index had sensitivity of 95.7%
and specificity of 5.9%, omqSOFA had sensitivity of 38.0% and specificity of 90.4%, and qSOFA had
sensitivity of 35.6% and specificity of 83.1% [26]. Abutheraa et al. (2021) [32] used positive microbiological
culture as the reference outcome and reported areas under the curve of 0.524 for mSIRS, 0.497 for MEWS,

and 0.301 for gSOFA; qSOFA identified no culture-positive case.

The performance of screening tools in mixed obstetric populations is summarized in Table 6.
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Observed performance and

Study Main quantitative findings . i )
methodological considerations
204 sepsis episodes among 5,075 births; 35 occurred postpartum, 10 during o .
Champagne L i i i Postpartum-specific diagnostic
postpartum readmission and 20 from immediately before delivery to three hours
and ) ) o o performance was not reported, and
X after birth. Fourteen different SIRS combinations occurred and no combination K o
Garabedian i Lo . . multiple SIRS combinations were
uniquely indicated severity. Postpartum-specific test performance was not
(2020) [23] observed.
reported.
SIRS had higher sensitivity and lower
Bauer et al SIRS: sensitivity 93%, specificity 63%; qSOFA: 50% and 95%; modified MEW: specificity; gSOFA had lower sensitivity
u .
(2019) [24] 82% and 87%. Analysis included 51 cases and 189 controls after substantial and higher specificity; modified MEW
exclusions. criteria showed intermediate
performance.
. i Heart rate alone had an AUC similar to
Arnolds et For new infection, eCART AUC was 0.77 (95% CI 0.75-0.78), MEWS 0.71 and .
. or higher than complete scores;
al. (2022) NEWS 0.71. Heart rate alone had AUC 0.79 (95% CI 0.77-0.80), exceeding all ) ) ) )
immediate post-birth observations were
[25] complete scores.
excluded.
High-sensitivity tools had low
Chimwaza  NICE postpartum/post-abortion tool: sensitivity 97.6%, specificity 11.8%, DOR 9 o y .
. K specificity, whereas qSOFA-derived
etal. (2025) 5.56. mSIRS: 89.2% and 27.4%. Modified shock index: 95.7% and 5.9%. ) e
tools had higher specificity and lower
[26] omgSOFA: 38.0% and 90.4%; gSOFA: 35.6% and 83.1%. o
sensitivity.
Abutheraa ~ Against positive culture: mSIRS sensitivity 65.5%, specificity 39.1%, PPV 40.4%,  Discrimination against positive culture
etal. (2021) NPV 64.3%, AUC 0.524; MEWS 69.0%, 30.4%, 38.5%, 60.9%, AUC 0.497; was poor; gSOFA identified no culture-
[32] gSOFA sensitivity 0%, specificity 95.7%, AUC 0.301. positive cases.

TABLE 6: Screening and early-warning tools in mixed obstetric populations.

AUC, area under the receiver operating characteristic curve; DOR, diagnostic OR; eCART, electronic Cardiac Arrest Risk Triage; MEW/MEWS, Modified
Early Warning/Modified Early Warning Score; mSIRS, maternity systemic inflammatory response syndrome; NICE, National Institute for Health and Care
Excellence; NPV, negative predictive value; omgSOFA, obstetric-modified quick Sequential Organ Failure Assessment; PPV, positive predictive value;

gSOFA, quick Sequential Organ Failure Assessment; SIRS, systemic inflammatory response syndrome

Sepsis identification model and prognostic evidence: The seven studies summarized in Table 7 included one
model for identifying postpartum sepsis and six studies evaluating deterioration after suspected or
confirmed infection [19,27-31,33]. In Nathan et al. (2019) [27], using a first recorded shock index of at least
0.9 as the positive threshold for maternal death yielded sensitivity of 80.0%, specificity of 50.4%, and
positive predictive value of 12.3%. A value below 0.9 had a negative predictive value of 96.7%. Kuhrt et al.
(2025) [30] evaluated shock index in a larger maternal sepsis cohort and also reported performance using the
worst recorded value during the clinical course. Shock index had an area under the curve of 0.76 for death.
Using a worst recorded shock index of at least 0.9 as the positive threshold for maternal death yielded
sensitivity of 90.7% and specificity of 19.8%. At a threshold of at least 1.7, sensitivity was 39.5%, and
specificity was 95.9%; 17 of 50 women in the latter category died. These estimates reflect different
measurement time points and should therefore be interpreted as distinct prognostic assessments rather than
interchangeable thresholds.
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Study

Bakhtawar

etal.
(2020)
[19]

Nathan et
al. (2019)

[27]

Agarwal et
al. (2019)

(28]

Reicher et
al. (2023)

[29]

Kuhrt et
al. (2025)

[30]

Dohare et
al. (2025)

[31]

Karatas et
al. (2025)

[33]

TABLE 7: Postpartum sepsis identification model and prognostic evidence.

Population/outcome

Postpartum SIRS-
defined sepsis

126 maternal sepsis
cases; 10 deaths

100 SIRS-positive
women; 67
postpartum; 58
severe sepsis

57 culture-confirmed
postpartum GAS
infections; 12
ICU/STSS

855 maternal sepsis
cases; 43 deaths

225 SIRS-positive
women; 117
puerperal

25 ICU maternal
sepsis patients; 3
septic shock

Predictor

SpO, <93%
and a
multivariable
clinical
model

First and
worst shock
index after
diagnosis

SOS 26

Tachycardia,
CRP and
treatment
delay

Worst Sl

20.9 and
217

SOS >6

SOS and
omSOFA

Main performance

AUC 0.84; sensitivity 82.0% and NPV 94.7% at the
high-sensitivity cutoff.

For maternal death, using first SI 20.9 as the positive
threshold: sensitivity 80.0%, specificity 50.4%, PPV
12.3%, NPV 96.7%. Two of six women with worst SI
21.7 died.

Sensitivity 68.9%, specificity 80.9%, PPV 83.3%,
NPV 65.3%, AUC 0.810 for organ failure/severe
sepsis.

Tachycardia occurred in 50.0% of ICU patients
versus 17.7% of non-ICU patients (p = 0.02). Delayed
antibiotic treatment (>24 hours) was also more
frequent among severe cases.

For death, SI AUC 0.76. Worst Sl 20.9: sensitivity
90.7%, specificity 19.8%, PPV 5.7%, NPV 97.6%.
Worst S| 21.7: sensitivity 39.5%, specificity 95.9%,
PPV 34.0%; 17/50 women died.

139/225 had scores >6. Higher scores were
associated with transfer (6.8% vs 1.7%), mortality
(1.8% vs 0.6%), and adverse fetal outcomes.

SOS predicted ICU stay >72 h: AUC 0.865,
sensitivity 75%, specificity 100%. omSOFA predicted
septic shock: AUC 0.985, sensitivity 100%, specificity
95%.

Methodological
considerations

Direct postpartum model;
outcome incorporated vital
sign criteria and external
validation was not reported.

Assessed severity after
diagnosis rather than initial
sepsis recognition.

Postpartum-specific
performance was not reported
separately.

Small organism-specific
cohort; predictor analyses
were mainly univariable.

Performance varied by
threshold; postpartum-specific
estimates were not reported
separately.

Postpartum-specific validation
was not reported, and some
denominators were internally
inconsistent.

Very small ICU cohort with
three septic shock events and
no external validation.

AUC, area under the receiver operating characteristic curve; GAS, group A Streptococcus; MODS, multiple organ dysfunction syndrome; NPV, negative
predictive value; omSOFA, obstetric-modified Sequential Organ Failure Assessment; PPV, positive predictive value; S, shock index; SIRS, systemic
inflammatory response syndrome; SOS, Sepsis in Obstetrics Score; SpO,, peripheral oxygen saturation; STSS, streptococcal toxic shock syndrome

The Sepsis in Obstetrics Score showed variable prognostic performance. Agarwal et al. (2019) [28] reported

sensitivity of 68.9%, specificity of 80.9%, positive predictive value of 83.3%, negative predictive value of
65.3%, and an area under the curve of 0.810 for severe sepsis or organ failure at a cutoff of at least six.

Dohare et al. (2025) [31] reported more transfers, deaths, and adverse fetal outcomes among women with

scores above six, but postpartum-specific performance was not presented. In the ICU cohort reported by

Karatas et al. (2025) [33], the Sepsis in Obstetrics Score predicted ICU stay longer than 72 hours with an area
under the curve of 0.865, while obstetric-modified SOFA predicted septic shock with an area under the curve
of 0.985. In culture-confirmed postpartum group A Streptococcus infection, tachycardia occurred in 50.0%

of ICU patients and 17.7% of non-ICU patients [29].

The postpartum sepsis identification model and prognostic findings are summarized in Table 7.

Cross-Study Findings by Vital Sign

Temperature was the most frequently evaluated individual vital sign [17,20-22,34,35]. In the Ugandan

cohort, 52% of fully assessed women with abnormal temperature had no identified infectious source, while

in the Cameroonian cohort puerperal sepsis accounted for 17.9% of postpartum pyrexia cases [20,21].
Conversely, 26.5% of women with peripartum sepsis in the Italian surveillance cohort did not have a

temperature above 38 °C, and two of 18 maternal sepsis cases in the Norwegian cohort remained below 38

°C [34,35].
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Heart rate showed a different and more variable pattern. Tachycardia contributed to immediate postpartum
SIRS positivity, was independently associated with postpartum infection in Hannola et al. (2021) [18], had
an area under the curve of 0.79 for new infection in Arnolds et al. (2022) [25], and was more frequent among
severe group A Streptococcus cases [29]. However, only 45.7% of Italian sepsis cases had heart rate above
100 beats per minute [34].

Respiratory rate was included in SIRS, qSOFA, and several obstetric early warning systems, but evidence for
its independent diagnostic contribution was limited. Scores containing respiratory rate thresholds showed
low sensitivity in several mixed obstetric studies, and respiratory rate was missing in 22.2% of sepsis cases
in the Norwegian cohort [24-26,32,35].

Blood pressure was difficult to interpret because the included populations contained competing obstetric
conditions that can alter blood pressure, including hemorrhage, anesthesia exposure, fluid shifts, and
hypertensive disorders. Hypotension was not documented in 32.4% of cases in the Italian surveillance
cohort, and blood pressure findings varied across the other included settings [18,24,27,30,34,35].

Shock index showed a clearer threshold trade-off, primarily as a prognostic measure rather than a stand-
alone diagnostic test. Lower shock index or modified shock index thresholds produced higher sensitivity with
low specificity, whereas higher thresholds were more specific but less sensitive [26,27,30]. Interpretation also
depended on whether the first or worst recorded value was used.

Oxygen saturation was associated with SIRS-defined or severe sepsis outcomes in selected cohorts,
including the Bakhtawar and Agarwal studies [19,28]. However, SpO2 was selectively or incompletely
measured in several studies, including reports in which it was not routinely available [24,35].

The cross-study findings for individual vital signs are summarized in Table 8.
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Vital sign

Temperature

Heart rate

Respiratory
rate

Blood
pressure

Shock index

Oxygen
saturation

TABLE 8: Cross-study findings by individual vital sign.

Studies

[17,20-22,34,35]

[17,18,25,29,34,35]

[24-26,32,35]

[18,24,27,30,34,35]

[26,27,30]

[19,24,26,28,35]

Findings affecting specificity or
interpretation

Fever or hypothermia was frequent
without confirmed infection: 52% of
fully assessed women with abnormal
temperature in Uganda had no
identified source; pyrexia in
Cameroon was more often attributed
to malaria or UTI than to puerperal
sepsis.

Postpartum tachycardia contributed to
low SIRS specificity and did not
independently identify sepsis in Shafik
etal.

High-sensitivity tools containing
respiratory rate thresholds had low
specificity in mixed obstetric cohorts.

Competing obstetric conditions could
alter blood pressure, including
hemorrhage, anesthesia exposure,
fluid shifts, and hypertensive
disorders.

Low threshold Sl or MSI strategies
had very low specificity, including MSI
specificity of 5.9% in GLOSS and
specificity of 19.8% for worst SI 20.9
in Sierra Leone.

SpO, was missing or selectively
measured in several cohorts; Bauer et
al. (2019) [24] reported that it was not
routinely available.

Findings affecting
sensitivity or case
detection

Sepsis could occur without
fever: 26.5% of Italian cases
lacked temperature above 38
°C; 2 of 18 Norwegian sepsis
cases remained below 38 °C.

Tachycardia was not
universal among women with
infection or sepsis: 45.7% of
Italian sepsis cases had heart
rate above 100 beats per
minute, and 26.8% of GAS
cases had tachycardia.

Respiratory rate was
frequently missing or poorly
recorded; 22.2% of values
were missing in Kvalvik et al.
(2024) [35]. qSOFA-derived
tools had low sensitivity
despite respiratory rate
thresholds.

Hypotension was not
universal among women with
sepsis; 32.4% of cases in the
Italian cohort had no
documented hypotension.

Higher shock index
thresholds had lower
sensitivity; worst Sl of at least
1.7 had sensitivity of 39.5%
for death in Sierra Leone.

Hypoxemia was not reported
as a universal finding among
women with sepsis, and the
proportion of sepsis cases
occurring without hypoxemia
was not consistently
available.

Observed cross-study
pattern

Temperature was
associated with sepsis in
some studies, but abnormal
temperature also occurred
without confirmed infection
and sepsis could occur
without fever.

Heart rate showed variable
diagnostic performance and
also showed associations
with severity in selected
cohorts.

Respiratory rate evidence
was limited by incomplete
measurement and low
sensitivity of gSOFA-derived
tools.

Isolated blood pressure
thresholds showed limited
consistency in mixed
obstetric settings; shock
index provided additional
prognostic information.

Lower thresholds increased
sensitivity and reduced
specificity, whereas higher
thresholds increased
specificity and reduced
sensitivity; performance also
depended on measurement
timing.

Low SpO, was associated
with severe outcomes in
selected cohorts, but
selective or incomplete
measurement increased risk
of bias.

AOR, adjusted OR; AUC, area under the receiver operating characteristic curve; BP, blood pressure; GAS, group A Streptococcus; HR, heart rate; MSI,
modified shock index; gSOFA, quick Sequential Organ Failure Assessment; Sl, shock index; SIRS, systemic inflammatory response syndrome; SpO,,
peripheral oxygen saturation

Risk of Bias

Risk of bias was assessed after study inclusion using design-appropriate tools. QUADAS 2 was applied to
diagnostic accuracy studies, PROBAST to prediction or prognostic studies, and JBI-informed appraisal to
cohort, surveillance, and quality improvement studies [17-35]. The dominant finding was substantial
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methodological concern across the evidence base. All five QUADAS 2 studies had high overall risk of bias,
primarily because of non-independent reference standards, enriched or case-control sampling, incomplete
score data, or incorporation of index test components into the sepsis definition. All nine PROBAST-assessed
studies had high overall risk of bias, with concerns including small event counts, evaluation of predictors or
thresholds in the same sample, and limitations in statistical analysis, calibration, or validation. Mixed
antepartum and postpartum populations additionally limited applicability to the postpartum review
question. In the review-defined qualitative summary of the JBI appraisals, one study had low overall
concern, two had moderate concern, and two had high concern. These categories were used for narrative
interpretation and were not treated as validated JBI risk of bias scores. No study was excluded because of its
risk of bias judgment.

The QUADAS-2 assessment is presented in Figure 2.

a Reference Overall : )
Study Index test Flow, Applic Detailed rationale

standard risk

Consecutive postpartum cohort, but the chart-based

Shafik S etal, 2019 . . . . . . sepsis di was not indepe ly dardized

[17) and may have been influenced by SIRS findings; only

eight sepsis events were observed

Prospective measurements were complete, but the

infection outcome included temperature and
HannolaK et al, 2021
. . . . . . treatment decisions that could have been influenced

(18] by the early-waming findings; the cohort was
restricted to high-risk women.
Nested case-control sampling, partial verification, and
LeFevre AE etal,, . O . . . O physician use of essentially the same symptoms and
2021 [22) signs as the community algorithm created selection

and incorporation concerns.

Severe cases were compared with healthy controls;

Bauer ME etal, 2019 [ ] @ [ ] [ ] [ ) [ ] missing score components and substantial exclusions
[24) affected the index-test analysis, and postpartum

performance was not reported separately.

Only treated or suspected cases were sampled,

Abutheraa N et al,, . . . . . . positive culture was an insensitive reference standard,
2021 (32) 14 women had incomplete score data, and the

postpartum subgroup was not separated.

FIGURE 2: QUADAS-2 risk-of-bias assessment of diagnostic accuracy
studies.

Green = low risk of bias or low applicability concern; red = high risk of bias or high applicability concern; gray =
unclear risk of bias or unclear applicability concern. QUADAS-2 domains include patient selection, index test,
reference standard, and flow and timing. Applicability concerns were assessed separately from risk-of-bias
judgments.

The PROBAST assessment is presented in Figure 3.
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Stidy  participants Predictors | Outcome | Analysis | ©¥S%al |appiicabiniy [I—

Bakhtawar S et al., o o o o o o Case-control model development, SIRS incorporation into the outcome, missing SpO2 values coded as normal, and

2020 (19] absence of external validation.
Arnolds DE et al., o o o 0 P o The infection outcome was an electronic surrogate based on culture ordering and sustained antibiotics; repeated
2022 [25] observations, calibration, and immediate postpartum applicability were incompletely addressed.

Chimwaza Y et al., o o o o Py o Extensive missing predictor data and evaluation of numerous scores without independent validation or

2025 [26] calibration limited model-performance inference in the mixed obstetric cohort.

Nathan HL et al., o o o o o o Only 10 deatns and ix women n the highest worsshock-index category produced imprecie estimates; analyses
2019 [27] were largely unadjusted and the population was predominantly, but not exclusively, postnatal

Agarwal R et al., P o o o P o The convenience cohort was restricted to SIRS-positive women, had limited size, and evaluated the SOS cutoff in
2019 [28] the same sample without separate postpartum validation.

Reicher L et al., The organism-specific cohort contained 57 cases and 12 severe outcomes; predictor analyses were mainly

2023 [29] o o ° (] o ©  Uniariabie and timing of measurements varie

Kuhrt K et al., P o o o P o Worst shock index was measured during the clinical course and may represent established deterioration;

2025 [30] postpartum-specific timing and performance were not reported separately.

Dohare R et al., o P P o o P Outcome definitions and some denominators were interally inconsistent, calibration was not reported, and
2025 [31] antenatal and postpartum performance was not separates

R Retrospective ICU cohort of 25 women with three septic-shock events. Thresholds were selected by Youden index
2025 (331 . (v} [ o (+] (] Q and assessed in the same sample without validation. Predictor-outcome overlap and blinding were unclear; the

selected mixed population limited postpartum applicability.

FIGURE 3: PROBAST risk-of-bias assessment of prediction and
prognostic score studies.

Green = low risk of bias or low applicability concern; red = high risk of bias or high applicability concern; gray =
unclear risk of bias or unclear applicability concern. PROBAST domains include participants, predictors, outcome,
and analysis. Applicability concerns were assessed separately from the overall risk-of-bias judgment.

The JBI-informed appraisal is presented in Figure 4.

Study

up

‘Temperature was recorded prospectively, but

only febrile or hypothermic women underwent
rz‘f,"]"" oAbz o @) o @] @ complete microbiological and linical

verification, producing differential verification

bias.

Retrospective referral-hospital records, non-
Ngunyi YL et al, 2020 standardized diagnostic investigation, and
i o e ® ° ©

possible multiple aetiologies limited outcome
classification.

Champagne HA and Sepsis episodes were operationally identified

through the SIRS pathway itself; there was no
f;;rw'“" M}, 2020 o L ® O e} non-sepsis comparator and no postpartum-

specific accuracy analysis

Prospective population surveillance used expert
criteria and a nested postpartum case-control

?3';‘1“’-"‘ ST [ J (@] [ J @] o analysis; some regions were excluded for
underreporting and vital-sign findings were not

reported separately for postpartum cases.

Expert chart adjudication strengthened case
Kvalvik SA et al, 2024 classification, but ICD-based case finding could
[35) ® ® L O ) miss uncoded infections and only 18 sepsis cases
were available.

FIGURE 4: JBI-informed critical appraisal of cohort, surveillance, and
quality-improvement studies.

Green = low methodological concern; orange = moderate methodological concern; red = high methodological
concern; gray = unclear methodological concern. The appraisal considered participant selection, exposure
measurement, outcome ascertainment, confounding, follow-up, and appropriateness of statistical analysis. Overall
methodological concern categories were review-defined qualitative summaries and were not validated JBI scores.

Discussion

This systematic review synthesized 19 studies evaluating routine vital signs, obstetric early warning
systems, sepsis screening tools, and derived physiological indices in relation to postpartum maternal
infection, sepsis, or infection-related deterioration [17-35]. Among studies addressing early detection, the
main challenge was balancing screening alert burden against incomplete case detection. The evidence did
not establish a consistently reliable isolated vital sign, threshold, or score for confirming or excluding
postpartum maternal sepsis. Interpretation depended on postpartum timing, measurement quality, clinical
context, and whether the intended purpose was diagnosis or prognosis.

The six studies providing direct postpartum evidence reduced reliance on extrapolation from mixed obstetric
populations [17-22]. Shafik et al. demonstrated the limited specificity of SIRS immediately after childbirth
[17], whereas Hannola et al. demonstrated incomplete detection of postpartum infection using red warning
triggers [18]. These findings illustrate different screening limitations rather than establish the superiority of
one approach. Their clinical implications depend on the consequences of additional assessments, missed
infections, and delayed escalation in the setting where a tool is used.
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Temperature findings also require interpretation according to the population and outcome studied. Shafik et
al. evaluated immediate postpartum sepsis [17], the Ugandan and Cameroonian cohorts examined abnormal
temperature within broader postpartum infection patterns [20,21], and the Italian and Norwegian studies
described physiological findings among women with maternal sepsis [34,35]. Collectively, these studies
indicate that abnormal temperature does not necessarily establish sepsis and that the absence of fever does
not exclude it. They do not provide a single comparable estimate of temperature accuracy across postpartum
settings. Interpretation should also consider postpartum phase, local infection patterns, delivery context,
and prior treatment.

Other vital signs showed similarly variable associations. Heart rate contributed to screening alerts but was
also associated with infection or greater severity in selected populations [17,18,25,29]. Evidence concerning
respiratory rate was limited by incomplete recording and by studies evaluating composite scores rather than
its independent contribution [24-26,32,35]. Blood pressure findings required consideration of both
infection-related deterioration and competing obstetric conditions, while hypotension was not documented
in all sepsis cases [18,24,27,30,34,35]. Oxygen saturation findings were constrained by selective
measurement, missing observations, and overlap between predictors and outcome definitions [19,28,35].
These limitations prevent confident attribution of diagnostic performance to individual components of a
composite score.

Composite screening results likewise depended on the target condition. In the cited mixed obstetric studies,
SIRS or maternity SIRS had higher sensitivity and lower specificity than gSOFA, but one study evaluated
sepsis and the other evaluated positive microbiological culture [24,32]. Obstetric modified early warning
criteria showed intermediate sensitivity and specificity in the multicenter sepsis study [24]. These findings
describe performance within the respective study populations and reference standards. They should not be
interpreted as evidence of a universally preferable score or threshold.

The shock index studies primarily informed prognosis after infection or sepsis had been suspected or
established. Nathan et al. [27] and Kuhrt et al. [30] evaluated adverse outcomes using measurements taken
at different points in the clinical course. A first recorded value may support assessment at presentation,
whereas the worst recorded value incorporates information from subsequent deterioration and may be less
useful for early prediction. The WHO GLOSS analysis similarly evaluated warning systems against severe
maternal outcomes rather than initial infection detection [26]. These distinctions limit the use of prognostic
findings to justify claims about early postpartum diagnostic accuracy.

Reference standards were another major source of uncertainty. Positive culture, clinically adjudicated
infection, infection-related organ dysfunction, intensive care admission, shock, and death represent
different target conditions or outcomes. Culture positivity alone does not establish sepsis, and a negative
culture does not exclude clinically important infection. Incorporation of physiological predictors into
outcome definitions, incomplete verification, selective measurement, and limited external validation further
weakened interpretation. Narrative synthesis allowed these differences to remain visible, although it could
not resolve the underlying limitations or establish comparative effectiveness between tools.

The clinical implication is that vital signs should contribute to a broader assessment rather than determine
diagnosis independently. Complete observations, reassessment over time, and comparison with the woman's
baseline may help clinicians recognize evolving abnormalities. Interpretation should incorporate symptoms,
examination findings, delivery context, suspected infection source, competing obstetric complications, and
evidence of organ dysfunction. This approach is consistent with the maternal sepsis guidance cited in this
review [8,9,11]. However, the included evidence does not establish the diagnostic superiority of any
particular monitoring schedule or combination of repeated measurements.

The findings also have implications for settings with limited resources. Community algorithms and shock
index studies demonstrate that structured physiological assessment can be implemented in such
environments [22,27,30]. Implementation alone does not establish diagnostic accuracy or improved
outcomes. Reliable measurement, staff training, referral pathways, and access to further assessment remain
necessary, and the effectiveness of these approaches requires prospective evaluation.

A strength of this review was the separation of direct postpartum diagnostic evidence from supportive mixed
obstetric and prognostic evidence. This distinction reduced the risk of treating infection detection and
severity prediction as equivalent questions. Interpretation also considered measurement timing, reference
standards, missing observations, overlapping cohorts, and methodological quality. The decision to avoid
pooling preserved clinically important differences, although it limited the ability to provide a summary
estimate.

Limitations of the review process include the absence of prospective registration, restriction to English-
language reports, failure to retrieve 11 potentially relevant reports, and lack of author contact for missing
information. Supplementary searching was less reproducible than the structured database searches.
Publication bias and selective reporting bias were not formally assessed, and no formal GRADE assessment
was undertaken. These limitations affect the completeness and transparency with which the available
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evidence can be evaluated.

The evidence base had additional limitations. Most studies had high risk of bias, only six provided direct
postpartum evidence, and several analyses involved small event numbers, selected populations,
heterogeneous outcomes, incomplete observations, or limited external validation [17-35]. Many mixed
cohorts did not provide separate postpartum estimates. Consequently, confidence in the magnitude and
generalizability of reported performance remains limited.

Future studies should recruit consecutive postpartum women and report findings separately for clinically
meaningful periods, including the first 24 hours, 24 to 72 hours, four to seven days, and eight to 42 days
after childbirth. Diagnostic thresholds and analysis plans should be specified in advance, and reference
standards should be independent and clinically adjudicated. Reporting should include complete 2 by 2 data,
confidence intervals, and transparent handling of missing observations. Prognostic models should
additionally report calibration and undergo external validation. Direct comparisons of repeated
measurements, changes from baseline, and fixed thresholds would help determine whether these
approaches improve recognition and clinical outcomes.

Conclusions

Routine vital signs remain essential for postpartum surveillance, but no isolated sign or existing warning
score can currently be relied upon to confirm or exclude postpartum maternal sepsis. Repeated complete
observations, attention to physiological trends, and interpretation within the postpartum clinical context are
more appropriate than reliance on a single threshold. Prospective postpartum-specific studies using
independent reference standards and external validation are required before any existing score can be
recommended as a stand-alone diagnostic method.
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