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ABSTRACT

Background: Maternal sepsis remains a leading cause of maternal morbidity and mortality globally. National data on maternal sepsis are limited in Ireland.
Methods: We conducted a retrospective analysis of the Hospital In-Patient Enquiry (HIPE) database, including all sepsis-related coded hospital discharges from 1
January 2020 to 31 December 2025. Episodes were classified as hospital-onset or community-onset according to whether the associated infection diagnosis was
coded as hospital-acquired. Maternal episodes were defined as episodes occurring in individuals from conception to six weeks postpartum. Infection sources and
comorbidities were identified using ICD coding and a validated maternal comorbidity index. Univariable logistic regression was used to examine factors associated
with critical care admission.

Results: Among 80,628 sepsis admissions, 2.0% (n = 1645) were maternal. Of them, 73.6% (n = 1,211) were community-onset. Compared to community-onset
episodes, hospital-onset episodes were associated with higher rates of critical care admission (22.6% versus 10.4%, p < 0.001). One death was reported among
hospital-onset episodes. Among community-onset episodes, presence of one or more underlying comorbidities was strongly associated with critical care admission
(adjOR 3.27, 95% CI 2.12-5.07, p < 0.001).

Conclusions: Maternal sepsis in Ireland is uncommon and associated with low in-hospital mortality but notable critical care admission. Respiratory infections are the
major determinants of critical care admission. These findings support continued emphasis on early recognition and risk stratification in maternity care, aligned with
national maternity sepsis guidelines and the Irish Maternity Early Warning System for secondary care.

Introduction

Maternal sepsis is the third most common primary cause of maternal
death globally (1). Maternal sepsis is a life-threatening condition defined
as organ dysfunction resulting from infection during pregnancy, child-
birth, post-abortion, or post-partum period [1,2]. Pregnancy-associated
physiological, immunological, and mechanical changes predispose
women to infections, increasing the risk of sepsis [3,4]. Although mor-
tality from maternal sepsis and related infections has declined globally,
the burden remains disproportionately concentrated in low-income
settings. Recent global estimates demonstrate a strong inverse rela-
tionship between sociodemographic development and maternal infec-
tion mortality, with death rates substantially higher in low-development
than high-development settings (1.13 versus 0.02 per 100,000 popula-
tion) [5]. While a single-centre review of maternal sepsis has been
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conducted in Ireland, there is no national study examining maternal
sepsis [6]. This study provides the first national characterisation of
maternal sepsis with a focus on community-onset sepsis in Ireland,
integrating infection source and comorbidity burden, and evaluating
associations with clinical outcomes including critical care admission,
and in-hospital mortality.

Methods

This retrospective study used data from the Hospital In-Patient
Enquiry (HIPE) system, a national administrative database capturing
discharge records from all acute public hospitals in Ireland. All national
HIPE episode records for maternal patients, from conception until 6
weeks (42 days) following the end of pregnancy (including delivery and
non-delivery pregnancy outcomes), were included, provided they were
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classified as HIPE Admission Type 6 (Maternity). a sepsis-related diag-
nostic code (Supplementary file, Table 1) between 1 January 2020 and
31 December 2025. This specific admission type isolates all hospital-
isations related to the patient's obstetrical experience across partici-
pating Irish acute public hospitals, ensuring the inclusion of all relevant
maternal sepsis episodes regardless of the hospital type.

As HIPE does not contain reliable timestamps for infection onset
during a hospital stay, conventional time-based definitions of hospital-
acquired sepsis was not applied. Instead, consistent with international
administrative data methodology, classification was based on the HIPE
hospital-acquired diagnosis (HADx) indicator assigned directly to the
relevant diagnostic codes [7,8]. A comprehensive diagnostic profile
comprising general infectious diseases (Chapters A-B), localised organ-
specific infections (Chapters G, J, K, L, N), systemic sepsis/septic shock

Table 1
Characteristics of maternal sepsis episodes.
Characteristics Hospital-onset Community-onset p-
(n=434, 26.4%) (n=1211, 73.6%) value
Age group 0.562
16-24 years 58 (13.4) 142 (11.7)
25-44 years 374 (86.2) 1060 (87.5)
45-64 years <5* 9(0.7)
GMS eligibility 0.454
GMS 65 (15.0) 200 (16.5)
Non-GMS 369 (85.0) 1011 (83.5)
Source of infection*
Respiratory 30 (6.9) 54 (4.5) 0.046
Urinary 47 (10.8) 117 (9.7) 0.486
Abdominal 42(9.7) 38 (3.1) <0.001
Skin/Soft Tissue 32 (7.4) 60 (5.0) 0.06
Nervous System 0 (0.0) 0(0.0) N/A
Cardiac/Vascular <5% 5(0.4) 0.895
Bone/Joint 0 (0.0) 0 (0.0) N/A
Device/Procedural 31 (7.1) 7 (0.6) <0.001
Resistant Organisms 0(0.0) 0(0.0) N/A
COVID-19 infection 0.048
Yes 16 (3.7) 24 (2.0)
No 418 (96.3) 1187 (98.0)
Obstetric infections
(source)*
Antepartum/ 124 (28.6) 77 (6.4) <0.001
intrapartum
Postpartum/Puerperal 241 (55.5) 874 (72.2) <0.001
Early pregnancy loss 11 (2.5) 60 (5.0) 0.033
Antenatal/genital 77 (17.7) 186 (15.4) 0.245
Comorbidity <0.001
0 241 (55.5) 985 (81.3)
1 122 (28.1) 175 (14.5)
2 45 (10.4) 40 (3.3)
3+ 26 (6.0) 10 (0.9)
Critical care <0.001
admissions
Yes 98 (22.6) 126 (10.4)
No 336 (77.4) 1085 (89.6)
Death N/A
Yes 1(0.2) 0 (0.0)
No 433 (99.8) 1211 (100.0)

Episodes of maternal patients who didn’t require critical care admission

Length of stay
(Median (Range)) 6.0 (0.5-132.0) 3.0 (0.5-22.0) <0.001
Episodes of maternal patients who required critical care admission
Length of stay
(Median (Range)) 8.0 (1.0-216.0) 7.0 (1.0-162.0) 0.003
Length of critical
care stay
(Median (Range)) 3.0 (1.0-49.0) 3.0 (1.0-75.0) 0.986

*Mutually exclusive events.
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(R57, R65), obstetric/neonatal infections (085-086, P36), healthcare-
associated complications (T80-T88), and the nosocomial infection in-
dicator (Y95) was evaluated using this flag. Community-onset sepsis is
defined as episodes where the diagnostic codes establishing the sepsis
event or its underlying infection profile were recorded as present on
admission, lacking a hospital-acquired flag (HADx = 0). Hospital-onset
sepsis is defined as episodes where these diagnostic or complicating
codes were explicitly flagged by clinical coders as having developed
during the hospital stay (HADx = 1).

While individual administrative codes alone do not establish clinical
causality, tracking the presence of HADx = 1 across this specific diag-
nostic cluster provides a highly plausible, standardised signal linking the
onset of the maternal sepsis cascade to healthcare procedures, device
exposures, or institutional transmission. This methodology directly
aligns with surveillance criteria adapted from the Centers for Disease
Control and Prevention (CDC) National Healthcare Safety Network
(NHSN) and the European Centre for Disease Prevention and Control
(ECDC). All diagnostic codes were mapped to infection sources and
maternal comorbidity index developed by Leonard et al. 2020 [9-11]
(Supplementary file, Tables 2 and 3). Data processing was conducted
using Python (Jupyter Notebook, version 3.14).

Chi square tests were used to compare categorical variables and
Mann-Whitney U test was used to compare continuous variables.
Multivariable logistic regression models were constructed using back-
ward stepwise selection. Age and GMS eligibility were included a priori
as confounders. Adjusted odds ratios (ORs) with 95% confidence in-
tervals (CIs) were reported. Analyses were performed using SPSS version
29. Where fewer than 10 outcome events occurred, categories were
grouped or analyses limited to univariable models. GMS eligibility
provides free access to publicly funded primary and secondary health-
care services in Ireland and was used as an indicator of health service
utilisation and financial protection.

Table 2
Comorbidity among maternal sepsis episodes.

Comorbidity Hospital- Community-onset (n =
onset 1211, 73.6%)
(n = 434,
26.4%)
Gestational diabetes 56 (12.9) 45 (3.7)
HIV/AIDS 0 (0.0) 0(0.0)
Pre-existing diabetes mellitus 11 (2.5) 14 (1.2)
Previous Caesarean birth 0 (0.0) 0(0.0)
Pulmonary hypertension 0 (0.0) 0(0.0)
Twin or multiple pregnancy 19 (4.4) 7 (0.6)
Asthma (acute, moderate or severe) 30 (6.9) 54 (4.5)
Bleeding disorder, pre-existing 9(2.1) 12 (1.0)
BMI over 40 at delivery 0 (0.0) 0(0.0)
Cardiac disease, pre-existing 12 (2.8) 9(0.7)
Chronic hypertension <5 7 (0.6)
Chronic renal disease <5 <5
Connective tissue or autoimmune 0 (0.0) <5
Placenta previa, complete or partial 0 (0.0) 0 (0.0)

Pre-eclampsia (severe) <5 <5

Pre-eclampsia (without severe or 48 (11.1) 46 (3.8)
gestational hypertension)

Substance use disorder 12 (2.8) 8(0.7)
Maternal age (>=45)* <5 9(0.7)
Anaemia, preexisting 29 (6.7) 37 (3.1)
Bariatric surgery 0 (0.0) 0(0.0)
Gastrointestinal disease 56 (12.9) 44 (3.6)
Major mental health disorder <5 <5
Neuromuscular disease <5 <5
Placental abruption <5 <5
Placenta accreta spectrum <5 <5
Preterm birth 0 (0.0) 0 (0.0)
Thyrotoxicosis 0 (0.0) 0(0.0)

*Age was excluded from the comorbidity total and analysed separately due to
grouped age bands not permitting application of the >35-year criterion (Leo-
nard et al., 2020).
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Table 3
Characteristics of maternal community-onset episodes (n = 1211 episodes).

Characteristics Required critical Not required critical  p-
care admission care admission value
(n=126, 10.4%) (n=1085, 89.6%)
Age group 0.973
16-24 years 14 (11.1) 128 (11.8)
25-44 years 111 (88.1) 949 (87.5)
45-64 years <5* 8(0.7)
GMS eligibility 0.476
GMS 18 (14.3) 182 (16.8)
Non-GMS 108 (85.7) 903 (83.2)
Source of infection
Respiratory 24 (19.0) 30 (2.8) <0.001
Urinary 19 (15.1) 98 (9.0) 0.03
Abdominal 14 (11.1) 24 (2.2) <0.001
Skin/Soft Tissue 8(6.3) 52 (4.8) 0.446
Nervous System 0 (0.0) 0 (0.0) N/A
Cardiac/Vascular 5 (4.0) 0 (0.0) <0.001
Bone/Joint 0 (0.0) 0 (0.0) N/A
Device/Procedural <5 5(0.5) 0.114
Resistant Organisms 0(0.0) 0 (0.0) N/A
COVID-19 infection <0.001
Yes 9(7.1) 15 (1.4
No 117 (92.9) 1070 (98.6)
Obstetric infections
(source)
Antepartum/ 15 (11.9) 62 (5.7) 0.007
intrapartum
Postpartum/ 52 (41.3) 822 (75.8) <0.001
Puerperal
Early pregnancy loss 13 (10.3) 47 (4.3) 0.003
Antenatal/genital 47 (37.3) 139 (12.8) <0.001
Comorbidity <0.001
0 66 (52.4) 919 (84.7)
1 32 (25.4) 143 (13.2)
2 20 (15.9) 20 (1.8)
3+ 8(6.4) <5
Length of stay
(Median (Range)) 7.0 (1.0-162.0) 3.0 (0.5-22.0) <0.001

Length of critical
care stay

(Median (Range)) 7.0 (1.0-162.0)

Ethical approval

Ethical approval was obtained from the University College Dublin
Human Research Ethics Committee (288-LS-LRSD-25-Ravichandran-
Cullen). The HIPE dataset is anonymised; therefore, informed consent
was not required. All procedures adhered to the Declaration of Helsinki
(1975).

Results

Between January 2020 and December 2025, a total of 1645 maternal
sepsis discharges were recorded, which contributes to 2.0% of all sepsis
discharges during that period (n = 80,628). Of these, 26.4% (n = 434)
were hospital-onset and 73.6% (n = 1211) were community-onset.

During the period 2020-2024, the proportion of maternity dis-
charges with a sepsis-related code (n = 1,353) among all maternity
discharges (n = 615,625) from HIPE reports, remained approximately
0.22% (Fig. 1) [12-16]. Estimates for 2025 were not calculated because
national maternity discharge denominator data were not yet available at
the time of analysis.

Overall maternal sepsis discharges fluctuated over the study period,
decreasing from 259 episodes in 2020 to 249 in 2021, before increasing
to 285 in 2022 and reaching 292 episodes in both 2024 and 2025
(Fig. 1). This trend was driven primarily by community-onset sepsis,
which increased from 167 episodes in 2020 to 227 in 2025, despite a
temporary decline in 2023 (n = 210). Hospital-onset sepsis accounted
for a smaller proportion of cases throughout the study period and
showed more modest variation, decreasing from 92 episodes in 2020 to
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Fig. 1. Distribution of hospital-onset and community-onset maternal
sepsis episodes.

58 in 2023, before increasing to 81 in 2024 and declining again to 65 in
2025.

Demographics

Individuals aged 25-44 years accounted for the largest proportion of
sepsis episodes in both groups, representing 86.2% (n = 374) of hospital-
onset episodes and 87.5% (n = 1060) of community-onset episodes.
There was no significant difference between GMS eligibility among
hospital-onset (15.0%) compared to community-onset (16.5%) episodes
(Table 1).

Sources of infection

Urinary infection (10.8%, n = 47) followed by abdominal infections
(9.7%, n = 42) were the most common sources of infection among
hospital onset episodes. Urinary infection were the most common
sources of infection (9.7%, n = 117), among community-onset episodes.

Obstetric infections

Postpartum/puerperal infections accounted for largest proportion of
obstetric infections among both hospital-onset (55.5%, n = 241) and
community-onset episodes (72.2%, n = 874).

COVID-19 infection

COVID-19-associated sepsis episodes represented a relatively small
proportion of overall maternal sepsis episodes during the study period.
Hospital-onset COVID-19-associated sepsis remained uncommon
throughout with only one case recorded in 2020, increasing to a peak of
eight episodes in 2022, and declining thereafter, with no cases identified
in 2023 and three cases recorded in 2024. Community-onset COVID-19-
associated sepsis was also infrequent but showed a similar temporal
pattern, increasing from one episode in 2020 to a peak of 13 episodes in
2022 before declining to two episodes in both 2023 and 2024 and three
episodes in 2025. Overall, these findings indicate that SARS-CoV-2
contributed to only a small number of maternal sepsis episodes nation-
ally and was not a major driver of the overall sepsis burden during the
study period.

Clinical outcomes

The total critical care admission rate (including coronary, high-
dependency and intensive care units) was 13.6% (n = 224). Critical
care admissions were substantially higher in hospital-onset episodes
(22.6%, n = 98) compared to community-onset episodes (10.4%, n =
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126) (p < 0.001). There was one death recorded during the study period,
which was a hospital-onset episode.

Length of stay

Among episodes that did not require critical care admission, the
median hospital length of stay for hospital-onset episodes was 6.0 days
(range 0.5-132.0) compared with 3.0 days (range 0.5-22.0) in the
community-onset episodes (p < 0.001). Similarly, among episodes
requiring critical care admission, the median hospital length of stay for
hospital-onset episodes was 8.0 days (range 1.0-216.0) compared with
7.0 days (range 1.0-162.0) in the community-onset episodes (p =
0.003). The median length of critical care stay was 3.0 days in both
groups, although the range was wider among community-onset episodes
(1.0-49.0 days) than in the hospital-onset episodes (1.0-75.0 days).
There was no significant difference in critical care length of stay be-
tween groups (p = 0.986).

Comorbidity

Most community-onset episodes had no comorbidities (81.3%),
compared to 55.5% in the hospital-onset episodes. Among hospital-
onset sepsis episodes, the most common comorbidities were gesta-
tional diabetes (12.9%), gastrointestinal disease (12.9%), pre-eclampsia
without severe features or gestational hypertension (11.1%), asthma
(6.9%), and pre-existing anaemia (6.7%). Among community-onset
sepsis episodes, the most common comorbidities were asthma (4.5%),
pre-eclampsia without severe features or gestational hypertension
(3.8%), gestational diabetes (3.7%), gastrointestinal disease (3.6%), and
pre-existing anaemia (3.1%) (Table 2).

Comorbidity requiring critical care admission

Among hospital-onset sepsis episodes, the most common comorbid-
ities requiring critical care admission were gastrointestinal disease
(15.3%), asthma (15.3%), gestational diabetes (11.2%), pre-eclampsia
without severe features or gestational hypertension (10.2%), pre-
existing anaemia (10.2%) and cardiac disease (9.2%). Among
community-onset sepsis episodes requiring critical care admission, the
most common comorbidities were asthma (19.0%), gastrointestinal
disease (15.1%), pre-existing anaemia (8.7%), gestational diabetes
(8.7%) and pre-eclampsia without severe features or gestational hy-
pertension (6.3%),

Characteristics of community-onset episodes required critical care
admission versus not required critical care admission

Community-onset episodes requiring critical care admission (n =
126) differed significantly from those not requiring critical care (n =
1085) across several clinical and demographic variables. There was no
significant difference in age distribution (p = 0.973) or GMS eligibility
status (p = 0.476) between groups. However, significant differences
were observed in infection source, with respiratory, urinary, abdominal,
cardiac/vascular and obstetric infections more frequently associated
with critical care admission. Within the obstetric infection category,
antepartum/intrapartum and postpartum/puerperal infections were
proportionally more common among episodes requiring critical care
admission.

COVID-19 infection was significantly more frequent among those
requiring critical care (7.1% vs 1.4%, p < 0.001). Patients admitted to
critical care also had a higher burden of comorbidity, with a greater
proportion having multiple comorbid conditions (p < 0.001). The me-
dian hospital length of stay was significantly longer in the critical care
group (7.0 days vs 3.0 days, p < 0.001), reflecting increased illness
severity (Table 3).
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Predictors of critical care admission among maternal community-onset
episodes (n = 126 admissions)

Age group and GMS status was not significantly associated with
critical care admission among maternal community-onset episodes.
Respiratory source of infection had the highest odds of critical care
admission among these episodes (adjOR 4.39 95% CI 2.33-8.29, p <
0.001) followed by abdominal (adjOR 3.20 95% CI 2.12-5.07, p =
0.003). Compared to those with no comorbidity, the critical care
admission increased 3-fold among episodes with more than one co-
morbidity (adjOR 3.27, 95% CI 2.12-5.07, p < 0.001) (Table 4).

Discussion

This study provides the first national characterisation of maternal
sepsis in Ireland to date, demonstrating that while maternal episodes
represent a small proportion of overall sepsis admissions (2.0%), they
are associated with substantial critical care utilisation (13.6%). No
deaths recorded among community-onset episodes and one death
recorded among hospital-onset episodes, suggesting favourable out-
comes within the acute hospital setting. These findings should be
interpreted within the context of significant national policy de-
velopments in maternal sepsis recognition and management. Following
the death of Savita Halappanavar in 2012, Ireland introduced a number
of national maternity safety initiatives, including the National Clinical
Guidelines in Obstetrics and Gynaecology and the implementation of the
Irish Maternity Early Warning System (IMEWS) for secondary care
[17-19]. IMEWS is a bedside monitoring tool designed specifically for
pregnant and postpartum women, incorporating physiological parame-
ters such as respiratory rate, heart rate, blood pressure, temperature and
neurological status to facilitate early recognition of clinical deteriora-
tion and prompt escalation of care [20].

The findings highlight the importance of infection source in deter-
mining severity. Respiratory infections were associated with the highest
odds of critical care admission, followed by abdominal and urinary
sources. This aligns with existing literature indicating that non-genital
tract infections, particularly respiratory infections, may be associated
with more severe disease trajectories in maternal populations [21,22].

Although comorbidity burden is less in this population, the presence
of multimorbidity was strongly associated with increased risk of critical
care admission. Notably, gestational diabetes was the most frequently
observed, consistent with its known role in increasing susceptibility to
infection and adverse outcomes [23,24].

The absence of recorded in-hospital mortality among community-
onset episodes needs further investigation. It may reflect effective
early recognition and management but could also be influenced by the
relatively young age profile, low comorbidity burden, or limitations
inherent to administrative data, including potential under coding of
severity where episodes were recorded as the source of infection rather
than sepsis. Further research is required to better characterise sepsis

Table 4
Multivariable regression model of critical care admission in maternal
community-onset sepsis episodes (n = 126 admissions).

Variables Odds Ratio p-value  Adjusted OR adjusted p-
OR [95% CI] [95% CI] value
25-64 years 1.07 0.821 0.93 0.820
(Ref:16-24 [0.59-1.92] [0.50-1.73]
years)
GMS status 0.83 0.477  0.89 0.673
[0.49-1.39] [0.51-1.55]
Infection source: 8.28 <0.001 4.39 <0.001
Respiratory [4.66-14.69] [2.33-8.29]
Infection source: 5.53 <0.001 3.20 0.003
Abdominal [2.78-10.99] [1.51-6.81]
Comorbidity 5.03 <0.001  3.27 <0.001
[3.42-7.41] [2.12-5.07]
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severity across the gestational and postpartum period to inform targeted
interventions. Although no maternal deaths were observed in this
cohort, confidential enquiry reports from the UK continue to identify
opportunities for improvement in the recognition and management of
maternal infection and clinical deterioration [25]. These reports also
highlight persistent inequalities in maternal outcomes, with substan-
tially higher mortality rates among women from Black ethnic back-
grounds and elevated risks among some Asian ethnic groups compared
with White women [25]. Future research should examine whether
similar disparities exist in maternal sepsis incidence, severity, manage-
ment, and outcomes in Ireland.

Strengths of this study include the use of a comprehensive national
dataset and standardised case definitions, enabling population-level
insights. Including both hospital-onset and community-onset cases
enabled comparison of epidemiological trends and clinical outcomes
between hospital and community settings. The application of stand-
ardised coding systems and validated maternal comorbidity indices
improved the reliability and consistency of the analysis.

Maternal sepsis was identified using administrative diagnostic codes
rather than clinical review. Consequently, episodes should be inter-
preted as sepsis-coded maternal admissions rather than confirmed
Sepsis-3 cases. As an administrative database study, findings depend on
the accuracy and completeness of coding practices, and variation in
sepsis documentation between hospitals may have resulted in misclas-
sification or under-ascertainment. The HIPE database also lacks detailed
clinical information including physiological observations, microbiolog-
ical findings, laboratory markers, illness severity scores, and timing of
therapeutic interventions, limiting assessment of clinical pathways and
disease severity in maternal admissions.

Importantly, classification of hospital-onset and community-onset
sepsis in maternal admissions relied on administrative hospital-
acquired diagnostic flags associated with infection diagnoses rather
than precise clinical timestamps for sepsis onset. As a result, episodes in
which infection was present on admission, but organ dysfunction and
sepsis developed later during hospitalisation, may have been classified
as community-onset. This approach may therefore have overestimated
the burden of community-onset maternal sepsis and underestimated
hospital-onset maternal sepsis. Similarly, some hospital-acquired in-
fections in pregnant or postpartum patients may not have been fully
captured through coding alone.

The dataset also captured sepsis episodes rather than individual
patients and therefore could not account for repeat admissions or mul-
tiple sepsis episodes occurring in the same woman over time. In addi-
tion, reliance on hospital discharge data may underestimate the true
burden of maternal sepsis nationally, as women who deteriorated and
died before hospital presentation, or who experienced severe infection
managed exclusively in community settings, would not have been
captured. Although Leonard et al. (2020) include maternal age >35
years within their baseline comorbidity score, this variable could not be
directly operationalised in our dataset due to age being recorded in
broad categories (25-44 and >45 years). Consequently, age was
excluded from the automated index calculation and analysed separately
as a categorical variable.

Conclusion

Maternal sepsis in Ireland is characterised by low mortality but more
critical care admissions, with infection source as key predictors of
severity. These findings support continued emphasis on prevention,
early recognition and risk stratification in maternity care, aligned with
national maternity sepsis guidelines in Ireland.
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