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Abstract
Background: As maternal peripartum bloodstream infection can lead to early-onset neonatal sepsis,
infants born to affected mothers are frequently separated from their mothers for monitoring,
investigation and treatment. Our aim was to determine the risk of neonatal sepsis in infants born to
mothers with microbiologically confirmed peripartum bacteraemia by examining the microbiology,
maternal severity, neonatal management and outcomes of peripartum maternal bacteraemia.

Methods: We conducted a single-centre, retrospective, observational study at a tertiary referral maternity
hospital over eight years (2018–2025). We identified all clinically significant maternal bloodstream
infections with a blood culture taken between 24 hours before and 4 hours after delivery, and reviewed
maternal and neonatal characteristics, management and outcomes. Categorical variables were
compared using Fisher's exact test and continuous variables using the Mann–Whitney U test, with
relative risks (RR) and 95% confidence intervals (CI).

Results: There were 104 episodes among 64,436 births (1.61 per 1,000). The most common isolates
were Escherichia coli (21.2%), group B streptococcus (19.2%) and viridans group streptococci (17.3%);
Enterobacterales were more common before 37 weeks than at term (RR 2.67, 95% CI 1.45–4.89).
Maternal sepsis or septic shock occurred in 11 women (10.6%), with no maternal deaths, and was most
strongly associated with E. coli (RR 6.52, 95% CI 2.10–20.29).

Among 94 liveborn infants there were no neonatal deaths and no culture-confirmed early-onset sepsis.
Thirty-nine had clinical symptoms, of whom five (four preterm) developed clinical early-onset sepsis; the
remaining 55 remained clinically well throughout. Nonetheless, 84 infants (89.4%) received antibiotics.
Of the 55 infants who remained clinically well, 46 (83.6%) received antibiotics and 29 (52.7%) were
separated from their mothers on the basis of the maternal bacteraemia rather than neonatal illness.

Conclusions: In this microbiologically confirmed cohort, peripartum maternal bacteraemia caused
substantial maternal morbidity but no culture-confirmed early-onset neonatal sepsis, despite high
neonatal antibiotic exposure. These findings identify a clear opportunity for neonatal antimicrobial
stewardship and for reducing neonatal unit admission and mother-infant separation, particularly in well,
term infants.

Background
Maternal bacteraemia in the peripartum period is uncommon, complicating approximately 2 per 1,000
births [1] and is an important cause of maternal morbidity [2]. It is a recognised risk factor for early-onset
neonatal sepsis [3], alongside preterm birth, group B streptococcal colonisation and prolonged rupture of
membranes [4]. Because of this risk, infants born to mothers with peripartum bacteraemia are frequently
admitted to neonatal units (NNU) for monitoring, investigation and treatment with empiric antibiotics.
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Isolation of a pathogen from a normally sterile site is the diagnostic gold standard for early-onset
neonatal sepsis; however, culture-confirmed sepsis is rare, and the inability to isolate a pathogen does
not exclude sepsis [5]. There is no consensus definition of culture-negative neonatal sepsis, and clinical
signs and inflammatory markers lack the specificity to confirm or exclude infection reliably [4]. This
diagnostic uncertainty leads to many infants being separated from their mothers and treated with
antibiotics on the basis of perceived risk in the absence of clinical illness [6], contributing to
antimicrobial resistance [7] and disruption of the developing microbiome, with potential long-term
consequences [8].

Studies have shown that well-appearing infants born to mothers with clinical chorioamnionitis (intra-
amniotic infection) can be safely managed by structured observation, with selective rather than universal
antibiotic treatment and early discontinuation of antibiotics when cultures remain negative [9, 10].
However, clinical chorioamnionitis is a non-specific diagnosis and is frequently over-applied, such that a
proportion of these mothers may not have had true infection [11]. It is uncertain whether the same
reassurance extends to infants born to mothers with a microbiologically confirmed bloodstream
infection at the time of delivery – a smaller, higher-acuity and objectively defined population in whom the
rationale for neonatal investigation and treatment is considerably stronger, and in whom clinicians may
be less willing to withhold treatment. Studies of peripartum maternal bacteraemia have reported
neonatal infection and intensive care admission in these infants [2, 3], but not, to our knowledge, the
management of those who remain clinically well.

We aimed to describe the microbiology, source and severity of peripartum maternal bacteraemia across
gestation, and to examine the neonatal investigation, antibiotic treatment and management of the
exposed infants, together with their infection outcomes, in order to assess the burden of neonatal
intervention relative to confirmed infection.

Methods

Study design and setting
This was a retrospective cohort study conducted at the National Maternity Hospital, Dublin, a tertiary
referral maternity hospital with a 35-bed NNU. We identified all cases of clinically significant peripartum
maternal bacteraemia over an eight-year period, from 2018 to 2025. Peripartum bacteraemia was
defined as a blood culture growing a significant pathogen taken between 24 hours before and 4 hours
after delivery, chosen to capture bacteraemia most directly related to the intrapartum period and the
exposed neonate. Organisms classically regarded as pathogens were included; those regarded as
contaminants (for example, coagulase-negative staphylococci and diphtheroids) were excluded.

Definitions
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Pregnancy loss before 23 weeks’ gestation and below 400 g birth weight was classified as miscarriage.
Stillbirth was defined as a baby of birthweight ≥ 400 g and/or ≥ 23 weeks' gestation with no signs of life
at delivery, in accordance with hospital definitions. Gestational age at bacteraemia was grouped as
previable (< 23 weeks), preterm (23 + 0 to 36 + 6 weeks) and term (≥ 37 weeks). Preterm prelabour
rupture of membranes (PPROM) was defined as prelabour rupture of membranes before 37 weeks.
Prolonged rupture of membranes was defined as rupture exceeding 18 hours.

Maternal sepsis was defined according to the World Health Organization consensus definition [12] as
life-threatening organ dysfunction resulting from infection. Culture-confirmed early-onset neonatal
sepsis was defined as a positive blood or cerebrospinal fluid (CSF) culture with a clinically significant
pathogen within the first 72 hours of life. Clinical early-onset neonatal sepsis was defined, adapted from
the European Centre for Disease Prevention and Control (ECDC) NEO-CSEP case definition [13], as at
least two clinical signs of sepsis without another apparent cause, treated with at least five days of
antimicrobial therapy, in the absence of a positive blood culture or infection at another site.

Source of bacteraemia
The source of bacteraemia was categorised as intra-amniotic infection, urinary, or unknown. Suspected
intra-amniotic infection was defined by clinical criteria as maternal intrapartum fever with one or more of
maternal leucocytosis (white cell count > 15,000/mm³), purulent cervical drainage, or fetal tachycardia
[11]; confirmed intra-amniotic infection required histological confirmation. A urinary source was defined
as significant growth of the blood-culture organism, with pyuria, in a midstream urine specimen.

Microbiology
Blood cultures were processed using the BacT/ALERT system (bioMérieux, France). Organism
identification was performed by matrix-assisted laser desorption/ionisation time-of-flight (MALDI-TOF)
mass spectrometry (bioMérieux, France) and antimicrobial susceptibility testing using the VITEK
automated system (bioMérieux, France). Within the viridans group streptococci, the anginosus group
was distinguished from other members owing to its distinct clinical associations.

Statistical analysis
Categorical variables are presented as counts and percentages, and continuous variables as medians
with interquartile ranges (IQR). Denominators differ by outcome: outcomes applying to all women use a
denominator of 104; delivery-specific outcomes (mode of delivery, induction of labour, postpartum
haemorrhage and prolonged rupture of membranes) use the 95 women who delivered ≥ 23 weeks’
gestation; and neonatal outcomes use the 94 live births. Categorical variables were compared using
Fisher's exact test and continuous variables using the Mann–Whitney U test; relative risks (RR) with 95%
confidence intervals (CI) are reported for comparisons between groups. A two-sided p value of less than
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0.05 was considered statistically significant. Data were managed in Microsoft Excel and analyses were
performed in Python, using the pandas and SciPy libraries.

Results

Cohort and microbiology
During the eight-year study period there were 64,436 births, among which 104 episodes of peripartum
bacteraemia were identified, an incidence of 1.61 per 1000 births. The characteristics of the 104 women
are shown in Table 1. Bacteraemia occurred at term (≥ 37 weeks) in 80 (76.9%), between 23 + 0 and 36 + 
6 weeks in 15 (14.4%), and before 23 weeks in 9 (8.7%). There were 94 live births (90.4%), 9 miscarriages
(8.7%) and 1 stillbirth (1.0%).
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Table 1
Baseline maternal and obstetric characteristics (n = 104)

Characteristic n (%)

Maternal age, years  

20–24 2 (1.9%)

25–29 10 (9.6%)

30–34 30 (28.8%)

35–39 46 (44.2%)

≥ 40 16 (15.4%)

Body mass index, kg/m²  

15.5–24.9 49 (47.1%)

25.0–29.9 32 (30.8%)

≥ 30 23 (22.1%)

Parity  

Nulliparous 62 (59.6%)

Multiparous 42 (40.4%)

Penicillin allergy  

Yes 8 (7.7%)

Group B Streptococcus status  

Negative 60 (57.7%)

Unknown 37 (35.6%)

Positive 7 (6.7%)

Gestation at bacteraemia  

< 23 weeks 9 (8.7%)

23 + 0–36 + 6 weeks 15 (14.4%)

≥ 37 weeks 80 (76.9%)

BMI, body mass index; PPROM, preterm prelabour rupture of membranes.

a PPROM defined as prelabour rupture of membranes before 37 weeks.

b Denominator = 95 women who delivered (excludes 9 miscarriages).
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Characteristic n (%)

Maternal age, years  

Obstetric characteristics  

PPROM (< 37 weeks)a 15 (14.4%)

Prolonged rupture of membranes > 18 hb 52 (54.7%)

BMI, body mass index; PPROM, preterm prelabour rupture of membranes.

a PPROM defined as prelabour rupture of membranes before 37 weeks.

b Denominator = 95 women who delivered (excludes 9 miscarriages).

The most common isolates were Escherichia coli in 22 episodes (21.2%), group B streptococcus in 20
(19.2%) and viridans group streptococci in 18 (17.3%) (Table 2). Enterobacterales were more common
before 37 weeks than at term (12/24 [50%] vs 15/80 [18.8%]; RR 2.67, 95% CI 1.45–4.89; p = 0.004). Term
bacteraemia was predominantly gram-positive.
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Table 2
Blood culture isolates by gestational group (n = 104)

Organism < 23 wk (n 
= 9)

23 + 0–36 + 6 wk (n 
= 15)

≥ 37 wk (n = 
80)

Total (%)

Escherichia coli 5 5 12 22 (21.2%)

Group B Streptococcus 2 1 17 20 (19.2%)

Viridans group streptococci 0 6 12 18 (17.3%)

Enterococcus faecalis 0 0 14 14 (13.5%)

Anaerobes 0 1 6 7 (6.7%)

Anginosus group
streptococci

0 0 5 5 (4.8%)

Other Enterobacterales 1 1 3 5 (4.8%)

Staphylococcus aureus 0 0 4 4 (3.8%)

Polymicrobial 0 0 3 3 (2.9%)

Group C/G Streptococcus 0 0 2 2 (1.9%)

Group A Streptococcus 0 1 0 1 (1.0%)

Listeria monocytogenes 0 0 1 1 (1.0%)

Streptococcus gallolyticus 0 0 1 1 (1.0%)

Streptococcus pneumoniae 1 0 0 1 (1.0%)

Total 9 15 80 104

Data are n, and n (%) in the total column. Within the viridans group streptococci, the anginosus group
is reported separately; see Methods. wk, weeks.
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Table 3
Maternal outcomes (n = 104)

Outcome n (%)

Delivery  

Induction of laboura 57 (60.0%)

Caesarean sectiona 56 (58.9%)

Vaginal deliverya 39 (41.1%)

Maternal illness severity  

Sepsis 10 (9.6%)

Septic shock 1 (1.0%)

High-dependency unit admission 13 (12.5%)

Intensive care admission 2 (1.9%)

Postpartum haemorrhage > 1000 mLa 17 (17.9%)

Maternal death 0 (0.0%)

Antibiotic treatment  

Guideline-adherent regimen 93 (89.4%)

Regimen microbiologically effective 100 (96.2%)

Total duration, days - median (IQR) 10 (8–10)

Intravenous duration, days - median (IQR) 3 (2–3)

Other outcomes  

Postnatal length of stay, days - median (IQR) 4 (3–5)

Re-presentation with infection ≤ 42 days 6 (5.8%)

IQR, interquartile range.

a Denominator = 95 women who delivered.

Antimicrobial resistance was uncommon. Among Enterobacterales, one extended-spectrum beta-
lactamase (ESBL)-producing isolate, two AmpC-producing isolates, and one gentamicin-resistant isolate
were identified. Two viridans group streptococci were penicillin-resistant, and 4/20 (20%) group B
streptococcus isolates were clindamycin-resistant. The hospital's recommended empiric regimen for
suspected intrapartum infection was benzylpenicillin, gentamicin and metronidazole, and for early-onset
neonatal sepsis was benzylpenicillin and gentamicin.
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Intra-amniotic infection was histologically confirmed in 17 episodes (16.3%) and clinically suspected,
without histological confirmation, in a further 42 (40.4%). Placental culture grew the blood-culture
organism in 46 of 60 episodes tested (76.7%). A urinary source was identified in 10 (9.6%), all at term,
each with pyuria and isolation of the blood-culture organism from urine (seven had a clinical urinary tract
infection, including two with pyelonephritis). No source was identified in the remaining 35 episodes
(33.7%).

Maternal outcomes
Maternal sepsis or septic shock occurred in 11/104 (10.6%) women (10 sepsis, 1 septic shock); there
were no maternal deaths. Fifteen women (14.4%) required higher-level care (13 high-dependency, 2
intensive care). Sepsis was caused by E. coli in 7 cases, viridans group streptococci in 3 (all S.
mitis/oralis) and group A streptococcus in 1. E. coli bacteraemia was strongly associated with maternal
sepsis (7/22, 31.8%; RR 6.52, 95% CI 2.10–20.29; p = 0.0015). Sepsis was more frequent in pregnancies
ending before 37 weeks than at term (6/24, 25.0% vs 5/80, 6.2%; RR 4.00, 95% CI 1.34–11.96; p = 0.017).

Among the 95 women who delivered ≥ 23 weeks’ gestation, intrapartum fever (> 38°C) occurred in 85
(89.5%). The onset of infective signs occurred before labour in 24 (25.3%), after induction but before
established labour in 30 (31.6%), during labour in 33 (34.7%), and within four hours of delivery in eight
(8.4%).

Eighty-three women (87.4%) received broad-spectrum intrapartum antibiotics and two received group B
streptococcus-targeted prophylaxis; the 10 (10.5%) who received none comprised six whose signs
developed only after delivery and four in whom delivery occurred before antibiotics could be given. Only
seven women (7.4%) received broad-spectrum antibiotics more than 4 hours before delivery. All women
were subsequently treated for bacteraemia. Antimicrobial treatment was guideline-adherent in 93/104
(89.4%) and microbiologically effective in 100/104 (96.2%). Median total antibiotic duration was 10 days
(IQR 8–10), with 3 intravenous days (IQR 2–3).

Induction of labour occurred in 57 women (60.0%) and 56 (58.9%) were delivered by caesarean section.
Postpartum haemorrhage > 1000 mL occurred in 17/95 (17.9%). Median postnatal stay was 4 days (IQR
3–5) and six women (5.8%) re-presented within 42 days with infection.

Neonatal outcomes
There were 94 live births and no neonatal deaths or culture-confirmed early-onset neonatal sepsis
(Table 4). Blood cultures were taken in 86 (91.5%) and were all negative (53 taken shortly after birth and
33 more than 4 hours after birth, prompted either by clinical status or by identification of the positive
maternal blood culture). Lumbar puncture was performed in 18, all with negative cerebrospinal fluid, in
neonates whose mothers had beta-haemolytic streptococci (10), Enterobacterales (7), or Listeria
monocytogenes (1).
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Table 4
Neonatal outcomes by gestational group (n = 94 live births)

Neonatal outcome Preterm (n = 14) Term (n = 80) All (n = 94)

Investigation and infection      

Blood culture performed 14 (100.0%) 72 (90.0%) 86 (91.5%)

Blood culture positive 0 (0.0%) 0 (0.0%) 0 (0.0%)

Lumbar puncture (all CSF negative) 3 (21.4%) 15 (18.8%) 18 (19.1%)

Culture-confirmed sepsis 0 (0.0%) 0 (0.0%) 0 (0.0%)

Clinical early-onset sepsis (< 72 h) 4 (28.6%) 1 (1.3%) 5 (5.3%)

Neonatal death 0 (0.0%) 0 (0.0%) 0 (0.0%)

Intervention      

Received antibiotics 14 (100.0%) 70 (87.5%) 84 (89.4%)

Antibiotic duration, days - median (IQR) 5 (5–5) 4 (1–5) 5 (2–5)

NNU admission 13 (92.9%) 54 (67.5%) 67 (71.3%)

NNU stay, days - median (IQR)a 6 (4–16) 4 (2–5) 5 (2–5)

Data are n (%) unless stated. Term ≥ 37 weeks; preterm 23 + 0–36 + 6 weeks. CSF, cerebrospinal fluid;
IQR, interquartile range; NNU, neonatal unit.

a Among neonates admitted to NNU (term, n = 54; preterm, n = 13; all, n = 67).

Overall, 84 neonates (89.4%) received antibiotics and 67 (71.3%) were separated from their mothers and
admitted to the NNU. Both were more frequent in preterm than term infants: all 14 preterm neonates
received antibiotics (vs 70/80 term, 87.5%), and 13/14 preterm were admitted to the NNU. NNU stay was
longer in preterm infants (median 6 days, IQR 4–16, vs 4, IQR 2–5).

Of the 94 liveborn infants, 39 were clinically unwell – symptomatic at birth or subsequently deteriorating.
Five (5.3%) developed clinical early-onset sepsis, all symptomatic from birth. Clinical early-onset sepsis
was more common in preterm than term neonates (4/14, 28.6% vs 1/80, 1.3%; RR 22.9, 95% CI 2.8–
189.8; p = 0.0015). Fifty-five infants remained clinically well throughout (Table 5). Of the 55 well infants,
46 (83.6%) received antibiotics and 29 (52.7%) were admitted to the NNU for antibiotics or observation
prompted by the maternal bacteraemia. Antibiotic courses were shorter in well than unwell infants
(median 3 vs 5 days; p < 0.001), as was duration of maternal separation (median 3 vs 5 days; p = 0.002).
Eight well infants remained in hospital after their mothers’ discharge (median 2 additional days) to
complete antibiotic treatment. The remaining nine well infants had no antibiotics, seven of whom also
did not have a blood culture taken. Most were managed conservatively with regular observation because
the maternal organism was a low-virulence organism (viridans group streptococci or anaerobes), while in

Page 11/16



one case the parents declined both investigation and treatment. One unwell infant, admitted for jaundice
rather than suspected infection, had neither a septic work-up nor antibiotics.

Table 5
Characteristics and management of well versus unwell neonates

Characteristic Well (n = 55) Unwell (n = 39)

Preterm, n (%) 2 (3.6%) 12 (30.8%)

Admitted to NNU, n (%) 29 (52.7%) 38 (97.4%)

Received antibiotics, n (%) 46 (83.6%) 38 (97.4%)

Antibiotic duration, days, median (IQR)a 3 (1.5–5) 5 (5–5)

NNU length of stay, days, median (IQR)b 3 (2–5) 5 (3–9)

Data are n (%) or median (IQR). Data comprise all 94 live births. ‘Well’ (n = 55) denotes neonates who
remained clinically well – asymptomatic at birth and throughout, including two not formally reviewed
at birth who remained well; ‘unwell’ (n = 39) denotes neonates symptomatic at birth or who
subsequently deteriorated. IQR, interquartile range; NNU, neonatal unit.

a Among neonates who received antibiotics (well, n = 46; unwell, n = 38).

b Among neonates admitted to NNU (well, n = 29; unwell, n = 38).

Discussion
Maternal morbidity was substantial: sepsis or septic shock occurred in approximately one in ten women,
and rates of induction of labour and caesarean section were 1.7 times the hospital's mean annual rates
over the same 2018–2025 period (60.0% vs 35.7% and 58.9% vs 33.6%, respectively) [14], reflecting the
acuity of these presentations. E. coli was the organism most strongly associated with maternal sepsis,
and caused sepsis at a similar rate at term and before 37 weeks (4 of 12 [33%] and 3 of 10 [30%]). The
occurrence of sepsis with viridans group streptococci (all S. mitis/oralis) is notable given their reputation
as low virulence organisms. Empiric maternal therapy was largely appropriate, being guideline-adherent
in 89% and microbiologically effective in 96%, with low antimicrobial resistance.

Neonatal outcomes were reassuring: there were no neonatal deaths and no culture-confirmed neonatal
infections, with all 86 neonatal blood cultures and 18 CSF samples remaining negative. Maternal
intrapartum antibiotics and the small blood volumes obtainable from neonates may reduce the
sensitivity of neonatal blood cultures [15]; however, intrapartum antibiotic exposure does not appear to
delay time to positivity when bacteraemia is present [16], supporting the discontinuation of empirical
antibiotics once cultures remain negative.

Clinical illness, antibiotic exposure and NNU admission were concentrated in preterm infants, in whom
four of the five cases of clinical early-onset sepsis occurred. In the absence of a positive culture,
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however, the diagnosis of neonatal sepsis rests on non-specific signs that are especially difficult to
interpret in preterm infants. Without a robust consensus definition of culture-negative neonatal sepsis,
empiric antibiotics may be continued by default rather than targeted towards true infection. A consensus
definition would help to support more targeted neonatal antimicrobial stewardship [5, 17].

Most clinically well infants received antibiotics (46/55, 84%) and over half were admitted to the NNU
(29/55, 53%), on the basis of the maternal bacteraemia rather than neonatal illness. In our practice,
infants exposed to peripartum maternal bacteraemia generally receive a 5-day antibiotic course, with
some exceptions for less virulent organisms. For a well, term infant with neither confirmed nor clinical
sepsis, this represents considerable antibiotic exposure. Observation-based, risk-stratified management
of well-appearing infants exposed to clinical chorioamnionitis has been shown to reduce antibiotic use
and NNU admission without evident harm [9, 18]. Further evaluation is warranted to determine whether a
similar approach could be applied to the well, term infant of a mother with confirmed peripartum
maternal bacteraemia. This study has several limitations. It was a single-centre, retrospective,
observational study without a comparison group, and the modest sample size precluded multivariable
adjustment. In the absence of a consensus definition of culture-negative neonatal sepsis, cases were
defined on clinical rather than microbiological criteria, which remain imperfect, particularly in preterm
infants.

Conclusions
Peripartum maternal bacteraemia was uncommon but caused substantial maternal morbidity. There
were no neonatal deaths and no culture-confirmed early-onset neonatal sepsis, with a low rate of clinical
early-onset sepsis, predominantly in preterm neonates. These findings identify neonatal antimicrobial
stewardship and the avoidance of unnecessary neonatal unit admission as priorities in this population
and support the prospective evaluation of a more selective, risk-stratified approach to the well, term
infant.
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