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Neonatal early-onset sepsis (EOS) is defined as an 
invasive bacterial infection of the blood and/or 
cerebrospinal fluid that occurs in the first 72 hours 

after birth. It is most often caused by Group B Streptococci 
(GBS) or Escherichia coli as an ascending infection from 
the maternal genitourinary or gastrointestinal tract.1-3 The 
incidence of EOS due to GBS infection has decreased 

from 1.7 cases per 1,000 births (1993) to 0.22 cases per 
1,000 births (2016) as per Centers for Disease Control 
and Prevention (CDC) reports.4 The rate of GBS infection 
among newborns in the first week of life has declined by 
80% since active prevention began in the mid-1990s.5

The CDC provided guidelines in 2010 for intrapartum 
antibiotic prophylaxis and algorithms for the evaluation 
and treatment of at-risk infants to prevent neonatal 
GBS infection.5-7 Studies have shown a high rate of 
evaluation (15%-20%) and treatment with empiric 
antibiotics (5%-8%) by using 2010 CDC guidelines in 
contrast to decreasing incidence of EOS (0.3–0.8 cases 
per 1000 births) with the use of intrapartum antibiotic 
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Purpose	� Our quality improvement study aimed to determine whether application of a neonatal early-onset 
sepsis calculator (NSC) among well-appearing infants born at ≥35 weeks’ gestation to mothers with 
chorioamnionitis decreases the number of lab evaluations (LEs) and antibiotic treatments (Abxs) 
without missing early-onset sepsis.

Methods	� We compared 2 years (January 1, 2019–January 3, 2021) of data from a historical-control group 
before implementation of the NSC to 1 year (January 4, 2021–December 31, 2021) of data from a 
calculator group after implementation of the NSC to evaluate whether LE and Abx decreased following 
implementation of the NSC on January 4, 2021. A P-value of <0.05 was considered statistically 
significant for the chi-squared test, Fisher’s exact test, Student’s t-test, and Mann-Whitney U test used 
for the analyses.

Results		� In the historical-control group, 94% of infants received LE and Abx. Retrospective application of the 
NSC in the historical-control group decreased LE from 94% to 21% and Abx from 94% to 13%. In the 
calculator group, 14% and 5% of infants received LE and Abx, respectively, and none of the blood 
culture was positive. Median time from birth to antibiotic initiation was significantly longer (14.5 vs 
3.8 hours; P=0.0037) with no increase in median length of stay (2.3 vs 2.4 days; P=0.02) after NSC 
implementation. No significant difference in neonatal intensive care unit admission was identified 
between groups (4% vs 1%; P=0.15).

Conclusions	� There was a significant decrease in LE and Abx among well-appearing infants born at ≥35 weeks’ 
gestation to mothers with chorioamnionitis after implementation of the NSC without missing early-onset 
sepsis. There was no increase in neonatal intensive care unit admission or length of hospital stay in 
infants who received antibiotics later after they appeared equivocal or clinically ill in the calculator group. 
Larger prospective studies that include follow ups are needed to confirm that early-onset sepsis is not 
missed. (J Patient Cent Res Rev. 2024;11:29-35.)
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prophylaxis.8-10 Overuse of antibiotics in an attempt to 
prevent infectious morbidity and mortality not only adds 
to the cost of hospitalization but also leads to inadvertent 
adverse events caused by the medication, an increase in 
antimicrobial resistance, dysbiosis, and the development 
of allergic and inflammatory bowel disease later in life.11,12

In light of medical interventions for large numbers of 
uninfected infants using 2010 CDC guidelines for the 
management of EOS, Puopolo et al designed a multivariate 
risk assessment neonatal early-onset sepsis calculator 
(NSC) based on data such as gestational age at birth, 
highest maternal antepartum temperature, maternal GBS 
colonization status, duration of rupture of membrane, and 
type and duration of intrapartum antibiotic therapies at 
the time of birth.13-16 Puopolo et al selected an objective 
variable, the highest antepartum temperature, rather than a 
subjective variable, chorioamnionitis diagnosis, for ease of 
extraction from the electronic medical record.13 The NSC 
provides the risk per thousand live births along with clinical 
recommendations for specific levels of predicted risk based 
on the class determined by an infant’s clinical presentation: 
well-appearing, equivocal, or clinically ill. The perinatal 
research unit at Kaiser Permanente Northern California 
conducted a prospective study in a cohort of 204,485 
infants born at 35 weeks’ gestation or later and reported 
that using the NSC decreased the blood culture rates from 
14.5% to 4.9% and the empiric antibiotic treatment (Abx) 
in the first 24 hours from 5.0% to 0.4% without apparent 
adverse effects.16 Similarly, other prospective studies have 
shown that using the NSC has significantly reduced Abx 
with no increase in adverse events.17,18 AAP has endorsed 
using the NSC to assess the risk of EOS among infants 
born at ≥35 weeks’ gestation.19-21

Chorioamnionitis, also known as intraamniotic infection, 
is an infection with resultant inflammation of any 
combination of the amniotic fluid, placenta, fetus, 
fetal membranes or decidua.22 Infants born to mothers 
diagnosed with or suspected to have chorioamnionitis are 
at high risk of EOS.21 Most studies applying the NSC on 
these high-risk infants were performed by retrospective 
application of the NSC.23-27

This quality improvement project aims to compare lab 
evaluation (LE), which includes complete blood cell 
count and blood culture; empiric Abx; time interval of 
antibiotic initiation from birth; neonatal intensive care 
unit (NICU) admission prior to discharge; and length of 
hospital stay (LOS) among well-appearing infants born at 
≥ 35 weeks’ gestation to mothers with chorioamnionitis 
after implementation of the NSC to a historical-control 
group in the same center.

METHODS
This quality improvement study was performed at a 
tertiary level academic birth center. The health system’s 
institutional review board (IRB) determined the study did 
not constitute human subjects research and waived IRB 
oversight.

Inclusion Criteria
Infants born at ≥35 weeks’ gestation to mothers with a 
diagnosis of chorioamnionitis and admitted directly to 
the Mother Baby Unit at birth from January 1, 2019, to 
December 31, 2021, were included in the study. 

Exclusion Criteria
Infants who were admitted to the NICU prior to transfer to 
the Mother Baby Unit, who were clinically ill at birth, or 
who had major congenital malformations were excluded 
from the study. 

Study Design
Our center followed 2010 CDC guidelines for GBS 
prevention until January 3, 2021, and all newborns born to 
mothers with chorioamnionitis routinely received limited 
LE and empiric Abx. The NSC was introduced and education 
provided to the health care providers (nurses and physicians) 
in the Mother Baby Unit. The NSC was then integrated 
into the electronic medical record and implemented in the 
Mother Baby Unit from January 4, 2021. Mother-infant 
dyads were identified using ICD code chorioamnionitis/
intraamniotic infection and physician notes mentioning 
a diagnosis of chorioamnionitis/intraamniotic infection 
and intrapartum Abx. The obstetrical team diagnosed 
chorioamnionitis/intraamniotic infection based on 2017 
American Congress of Obstetricians and Gynecologists 
criteria. Maternal and neonatal charts were reviewed. 
Maternal information collected included maternal age, 
type of delivery, duration of rupture of membrane, 
GBS colonization status, highest maternal antepartum 
temperature, placental pathology report, and intrapartum 
Abx. Neonatal information collected included date, time 
and gestational age at birth, birth weight, gender, LE, Abx, 
LOS, NICU admission before discharge, and readmission 
with sepsis within 7 days of birth. For comparison, 
the study population was stratified into 2 groups: the 
historical-control group and the calculator group. The 
historical-control group included mothers and infants 
managed per 2010 CDC guideline for GBS prevention 
prior to implementation of the NSC from January 1, 2019, 
to January 3, 2021. The calculator group included mothers 
and infants managed using the NSC prospectively by 
the treating team following implementation of the NSC 
from January 4, 2021, to December 31, 2021 (Figure 
1). In the historical-control group, the NSC was applied 
retrospectively by the study team. Maternal and neonatal 
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information was entered into the NSC website15 using a 
baseline EOS incidence of 0.5/1000 live births, and the 
NSC recommendation was obtained. We were unable to 
track the follow-up data in the historical-control group as 
the electronic medical record vendor in our hospital was 
switched in February 2020 and the medical record number 
for the same infant was different. We ran the readmission 
data on infants born in our hospital and indications for 
readmission from January 1, 2019, to January 10, 2021.

Statistical Analysis
This study was a quality improvement project with no 
hypothesis or power calculation. The data were analyzed 
using Statistical Analysis Software version 9.4 (SAS 
Institute Inc.). Chi-squared or Fisher’s exact test was used 
for categorical variables, and Student’s t-test or Mann-
Whitney U test was used for continuous variables. A 
P-value of <0.05 was considered statistically significant 
for all analyses

RESULTS
Out of 10,090 live births from January 1, 2019, to 
December 31, 2021, 333 infants were born at ≥35 weeks’ 
gestation to mothers with chorioamnionitis (Figure 1). 
Of those 333 infants, 56 were excluded: 50 for direct 
admission to the NICU with clinical illness, 3 for the use 
of the NSC prior to NSC implementation, and 3 for not 
using the NSC after NSC implementation. 

A comparison of demographics and clinical characteristics 
revealed no difference in gestational age at birth, maternal 
GBS colonization, duration of rupture of membrane, 
maternal intrapartum antibiotics, mode of delivery, and 
birth weight of the infants between the groups (Table 1). 
Racial diversity was similar between groups, apart from a 
higher number of Native Hawaiian or Pacific Islanders in 
the calculator group. Median highest maternal antepartum 
temperature was found to be higher in the historical-
control group.

FIGURE 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 

 
 

 
 
 
 
 
 
 
 
 
 
Figure 1. Stratification of study population. NSC, neonatal early-onset sepsis calculator. 
 
 

Historical-control group: n=177 
01/01/2019-01/03/2021  

• Blood culture (167, 94%)  
• Antibiotic (168, 95%) 

 

Calculator group: n=100 
01/04/2021-12/31/2021  

• Blood culture (14, 14%) 
• Antibiotic (5, 5%) 

Retrospective NSC application in 
historical-control group: n=177 

• Blood culture (38, 21%) 
• Antibiotic (23, 13%) 

Infants born at ≥35 weeks’ gestation to mothers with chorioamnionitis  
01/01/2019 to 12/31/2021: n=333 

 

Exclusion: n=56 out of total 333 
• 50: clinically ill infants at birth with 

direct admission to neonatal 
intensive care unit 

• 3: NSC used prior to NSC 
implementation  

• 3: NSC not used post NSC 
implementation 

 

NSC implementation 
01/04/2021 

Figure 1.  Stratification of study 
population. NSC, neonatal early-
onset sepsis calculator.
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Of the 277 included infants, 177 were in the historical-
control group and 100 were in the calculator group. Of the 
177 infants in the historical-control group, 167 (94%) had 
blood culture performed and 168 (95%) received Abx. 
Retrospective use of the NSC in the historical-control 
group recommended blood culture among 38 (21%) 
infants and Abx among 23 (13%) infants. Retrospective 
application of the NSC in the historical-control group 
decreased LE from 94% to 21% and Abx from 94% to 
13%. Of the 100 infants in the calculator group, 14 (14%) 
infants received blood culture and 5 (5%) infants received 
Abx (Figure 1).

The numbers of complete blood cell count, blood culture, 
and Abx in the calculator group were significantly less 
than those in the historical-control group (P≤0.001) 
(Table 2). There were two blood cultures positive for 
Escherichia Coli in the historical-control group, and all 
blood cultures were negative in the calculator group. 
Of the two blood cultures positive for EOS in the 

historical-control group, the NSC recommended Abx 
on one and monitoring vital signs every 4 hours on the 
other. The median time interval of antibiotic initiation 
from birth was significantly longer in the calculator 
group, specifically 14.5 hours compared to 3.8 hours 
in the historical-control group (P=0.0037). There was 
no significant difference in NICU admission prior 
to discharge between the two groups with 4% NICU 
admission in the historical-control group and 1% in the 
calculator group (P=0.15). There was no increase in 
median LOS in the calculator group with a median LOS 
of 2.3 days in the calculator group and 2.4 days in the 
historical-control group (P=0.02).

There were 14 (8%) postpartum chorioamnionitis cases in 
the historical-control group and 11 (11%) in the calculator 
group. All postpartum chorioamnionitis cases had normal 
antepartum temperatures of less than 100.4℉. All infants 
born to mothers with postpartum chorioamnionitis were 
well-appearing, and the NSC did not recommend blood 

Variables

Historical-control 
group (n=177)

Calculator group 
(n=100) 

Pn % n %
Race
   White 107 60% 64 64% 0.5595
   Black 3 2% 3 3% 0.6707
   Asian 42 24% 16 16% 0.1289
   Native Hawaiian or Pacific Islander 2 1% 8 8% 0.0052
   American Indian or Alaska Native 6 3% 2 2% 0.7151
   Unknown 17 10% 8 8% 0.6544
   Hispanic/Latino 20 11% 14 14% 0.5106
Gestational age in weeks, median (IQR) 39  

(39-40)
n/a 39  

(39-40)
n/a 0.4782

Maternal GBS colonization
   Positive 23 13% 16 16%

0.457   Negative 152 86% 84 84%
Highest maternal antepartum temperature in °F, median (IQR) 101.1  

(100.8–101.5)
n/a 100.9  

(100.6–101.3)
n/a 0.0171

Duration of rupture of membranes in hours, median (IQR) 13.5  
(9.5–19.02)

n/a 12.875  
(8.615–17.21)

n/a 0.2056

Maternal intrapartum antibiotics
   BSA of ≥4 hours prior to birth 27 15% 12 12% 0.57
   BSA of 2–3.9 hours prior to birth 27 15% 20 20% 0.3986
   GBS specific antibiotics at >2 hours prior to birth 24 14% 18 18% 0.4149
   None or any antibiotics at <2 hours prior to birth 99 56% 50 50% 0.409
Delivery by C-section 76 43% 34 34% 0.1442

Birth weight in grams, median (IQR) 3495  
(3240–3775)

64.8% 3425 
(3167–3697)

n/a 0.2746

Table 1.  Comparison of Demographics and Clinical Characteristics

BSA, broad spectrum antibiotics; GBS, Group B streptococcus; IQR, interquartile range; n/a: not available.
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culture or Abx in either group. None of the infants born 
to mothers with postpartum chorioamnionitis required 
NICU admission prior to discharge.

Only 33 (19%) cases in the historical-control group and 
31 (31%) cases in the calculator group had placental 
histopathological reports available. Of those cases with 
placental histopathological reports, 16 (48%) cases 
in the historical-control group and 17 (55%) cases in 
the calculator group had a histopathological diagnosis 
of chorioamnionitis. Only 42% of the cases in the 
calculator group had follow-up data within 7 days of 
birth after discharge. None of the infants from either 
group was readmitted with sepsis to our hospital within 
7 days of birth.

DISCUSSION
This study primarily assessed LE and Abx among high-
risk infants born to mothers with chorioamnionitis by 
retrospective NSC application in a historical-control 
group and prospective application of the NSC following 
a change in practice in the same birth center. The 
study demonstrated a reduction in recommendation 
for both LE and Abx. Several prospective studies on 
infants born at ≥35 weeks’ gestation demonstrated 
that using the NSC can significantly reduce Abx with 
no increase in adverse events.17,18 Few studies to date 
have retrospectively applied the NSC to infants born 
to mothers with chorioamnionitis, and none have 
compared the management after NSC implementation 
in the same center.23-27 Adherence to a recommended 
EOS management guideline before and after the change 
in practice made comparison of the outcomes between 
the two different management strategies possible. The 
reduction in the recommendations for blood culture and 
Abx by retrospective NSC application in this study was 
similar compared to previous studies.24-27 Prospective 

use of the NSC decreased Abx more than projected by 
retrospective usage. Additionally, prospective use of the 
NSC meant more accuracy, given the availability of the 
clinical information required for the NSC in real time, 
compared to retrospective application, which used data 
required for the NSC through chart review.

The NSC recommended Abx only in one of the two 
culture-positive infants in the historical-control group. 
The other infant with culture-positive EOS, for whom 
the NSC suggested monitoring of vitals every 4 hours 
without empiric Abx, would have later become equivocal 
or clinically ill, and application of the NSC later would 
have recommended Abx. Thus, it cannot be assumed that 
the NSC missed Abx in this culture-positive infant.

In addition to a decrease in expense associated with LE 
and Abx, there were intangible benefits such as decrease 
in pain infliction, separation from the mother for LE and 
intravenous catheter placement, and side effects from 
antibiotics in the calculator group. Infants in the historical-
control group received antibiotics soon after birth (median 
time interval to antibiotic initiation was 3.8 hours). One 
of 5 infants treated with antibiotics in the calculator 
group received them at 3.3 hours of life. The remaining 4 
received antibiotics after the clinical classification of the 
infants progressed to equivocal, later resulting in a median 
time interval to antibiotic initiation from birth of 14.5 
hours. This increase in time interval for antibiotic initiation 
did not translate to an increase in NICU admission 
or an increase in LOS in the calculator group. Of the 7 
admissions to the NICU prior to discharge in the historical-
control group, 2 admissions were for culture-positive EOS, 
1 was for respiratory distress at 22 hours of life, and 4 were 
for hypoglycemia. One admission to the NICU prior to 
discharge in the calculator group was for hypoglycemia. 
The admission of a greater number of infants to the NICU 

Variables

Historical-control 
group (n=177)

Calculator group 
(n=100) 

Pn % n %
CBC count and blood culture 167 94% 14 14% <0.0001
Positive blood culture 2 1% 0 0% n/a
Antibiotic treatment 168 95% 5 5% <0.0001
Birth to antibiotic treatment interval in hours, median (IQR) 3.833  

(3.25–4.39)
n/a 14.53  

(11.53–14.9)
n/a 0.0037

NICU admission 7 4% 1 1% 0.1584
Birth to discharge interval in days, median (IQR) 2.35  

(2.0–2.73)
n/a 2.25  

(1.82–2.60)
n/a 0.0288

Table 2.  Comparison of Clinical Outcomes

CBC, complete blood count; IQR, interquartile range; NICU, neonatal intensive care unit; n/a: not available.

http://www.aah.org/jpcrr
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prior to discharge in the historical-control group explains 
the longer LOS in the historical-control group compared 
to the calculator group, despite a delay in the initiation of 
antibiotics in the calculator group.

The NSC was developed using only antepartum 
temperature, and postpartum fever was not evaluated 
specifically in the risk prediction model.15 Therefore, we 
used antepartum temperature for the risk calculation for 
infants born to mothers with postpartum chorioamnionitis. 
Although this study had a small number of infants born 
to mothers with postpartum chorioamnionitis, we explored 
the NSC recommendations and outcomes for these infants, 
which has not been done in previous studies. However, we 
found that all the infants born to mothers with postpartum 
chorioamnionitis were well-appearing, and the NSC 
did not recommend blood culture or antibiotics in both 
the historical-control group and the calculator group. 
Furthermore, there were no NICU admissions in infants 
born to mothers with postpartum chorioamnionitis in 
either group. Larger studies on infants born to mothers 
with postpartum chorioamnionitis are required to ascertain 
whether the NSC, which uses antepartum temperature, is 
reliable to screen EOS among such infants.

This study has several limitations. This was a quality 
improvement study, and as such, stringent statistical 
analysis was not performed, thus limiting the ability 
to address type I and II errors. Histopathological 
confirmation of chorioamnionitis could not be performed, 
as placental pathology was not uniformly obtained in 
all cases with chorioamnionitis. The relative rarity of 
positive blood cultures after implementation of the NSC 
limits validation of the NSC. Changing the electronic 
medical record vendor in the historical-control group and 
the low percentage of follow-up data in the calculator 
group impaired our ability to ascertain follow-up data on 
all the cases. Finally, this study was performed in a single 
center with a relatively small number of infants.

CONCLUSIONS
There was a significant decrease in LE and Abx among 
well-appearing infants born at ≥35 weeks’ gestation to 
mothers with chorioamnionitis after implementation 
of the NSC without missing EOS. It would seem that 
prospective application of the NSC decreased both LE 
and Abx more than projected by retrospective application 
in the historical-control group in the same birth center. 
There was no increase in neonatal intensive care unit 
admission or length of hospital stay in those infants who 
received antibiotics later after they appeared equivocal or 
clinically ill in the calculator group. Larger prospective 
studies including follow up after discharge are needed to 
confirm that EOS is not missed.

Patient-Friendly Recap
• �Infants born to mothers with chorioamnioitis are 

at high risk of early-onset sepsis, yet overuse of 
antibiotics to prevent infection may lead to potential 
adverse effects such as the development of 
inflammatory bowel disease later in life, an increase 
in antimicrobial resistance, etc.

• �The authors investigated whether application of 
a neonatal early-onset sepsis calculator among 
well-appearing infants born at ≥35 weeks’ gestation 
to mothers with chorioamnionitis decreases lab 
evaluations and antibiotic treatments without 
missing early-onset sepsis.

• �There was a significant decrease in lab 
evaluations and antibiotic treatments, but larger 
studies that include follow ups are needed to 
corroborate these results.
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