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Abstract

Objective: To determine whether usage of the Neonatal Early-
Onset Sepsis (EOS) Calculator decreases sepsis evaluations,
antibiotic administration, length of stay (LOS), and resource ultili-
zation when caring for newborns whose mothers were diagnosed
with confirmed chorioamnionitis (CAM).

Study Design: This retrospective cohort study enrolled 236 dyads
of mothers and newborns (= 35 weeks gestation). De-identified
data, including newborn antibiotic usage, complete blood counts
(CBC), blood cultures, and LOS, were collected one year before
and after the 2019 implementation of the EOS calculator. To sum-
marize the data for all study variables, descriptive statistics were
utilized. All categorical variables were compared using the Fisher
exact or x2 test, and the Wilcoxon Rank Sum test was applied for
continuous variables.

Results: A significant reduction was seen in the incidence of sep-
sis evaluations (P< 0.001) and antibiotic use (P < 0.001) after the
implementation of the EOS calculator. An Arizona Medicare reim-
bursement rate estimation revealed that the median expense of
EOS-related care decreased by $257.89 in infants whose mothers
were diagnosed with confirmed CAM (P <0.0001).

Conclusion: The frequency of sepsis evaluations and antibiotic
utilization in newborns of mothers diagnosed with confirmed CAM
was significantly reduced with the use of the EOS calculator, re-
sulting in decreased resource utilization.

Keywords: Newborn, Infant, Neonatal Sepsis, Blood Cell Count,
Reimbursement Rates, Chorioamnionitis, Blood Culture, Length
of Stay, Anti-bacterial Agents

“Early onset sepsis (EOS) is a severe
neonatal condition occurring within

the first 72 hours of life, and its certain
diagnosis can be difficult. (1) The vague
symptoms can include poor feeding,
hypoglycemia, respiratory distress, and
apnea.”

Introduction

Early onset sepsis (EOS) is a severe neonatal condition occurring
within the first 72 hours of life, and its certain diagnosis can be
difficult. (1) The vague symptoms can include poor feeding, hypo-

glycemia, respiratory distress, and apnea. Among upper-income
countries, the United States has the highest neonatal mortality
rates (4/1000 live births). (2) Sepsis is a predominant contribut-
ing factor to neonatal morbidity and mortality. (3,4) Often, cho-
rioamnionitis (CAM), the acute inflammation of amniotic/chorionic
membranes, and the fluid surrounding the fetus during pregnancy
cause EOS. (5) The presence of one or more of the following ma-
ternal risk factors; Group B Streptococcus (GBS) colonization, fe-
ver (temperature >38.0 C), and prolonged rupture of membranes
(=18 hours) may also result in CAM. (3,6-8)

“Several risk stratification schemes for
EOS are recommended by the American
Academy of Pediatrics (AAP). The Kaiser
Permanente Neonatal EOS Calculator(9)
uses its multivariate approach to assess
maternal risk factors and the infant’s
clinical presentation. (10) ”

Several risk stratification schemes for EOS are recommended by
the American Academy of Pediatrics (AAP). The Kaiser Perman-
ente Neonatal EOS Calculator(9) uses its multivariate approach to
assess maternal risk factors and the infant’s clinical presentation.
(10) Some institutions report the screening and treatment of up
to 15% of all newborns for EOS despite the true low incidence at
0.5-1.2 per 1,000 live births. (1) The methods used to screen for
sepsis have been extensively evaluated, and the complete blood
count (CBC) components are proven to be neither very sensitive
nor specific for EOS. (4,11,12) Blood cultures are reliable only
when the volume of blood collected is adequate for analysis.
Schelonka et al. (13) found it is necessary to have a minimum
of 1 to 2 milliliters (mL) of blood collected to detect less than four
colony-forming units /mL to ensure sepsis is detected. Up to 60%
of cultures will be falsely negative if only a half mL of blood is
collected. (13) Additionally, it may take 24 hours or longer for re-
sults to return from the laboratory making the timely and accurate
diagnosis of EOS difficult. (14) All of these factors may ultimately
lead to practitioners prescribing antibiotic therapy in the newborn
without the presence of a truly positive blood culture. (3,6)

There are many types of adverse effects associated with early
antibiotic administration. A correlation between the development
of resistant bacteria and antibiotic overuse has been identified. (3)
Antibiotics alter the intestinal microbiome and can be linked to in-
flammatory bowel disease, obesity, and respiratory disorders later
in childhood. (15-17) Also, infants who need intravenous antibiotic
administration will likely be cared for in the nursery, thus sepa-
rated from their mothers for prolonged periods. This may affect
the initiation and/or maintenance of breastfeeding and, ultimately,
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Table 1 Demographic Characteristics

Pre Post
(n=111) (n=125) P-value
Gestational age (weeks)(a) 39 (38-40) 39 (39-40) 0.997
Birth Weight (grams)(a) 3400 (3090-3680) 3440 (3210-3610) 0.503
Race (b) 0.875
American Indian 2(2) 4 (3)
Black 11 (10) 13 (10)
Other/Unknown 6 (5) 5 (4)
White 92 (83) 103 (83)
Ethnicity (b) 0.057
Hispanic 61 (55) 63 (50)

(a) Median (Interquartile Range); (b) n (Percentage)

bonding. (5) For the above reasons, a practitioner must be judi-
cious when prescribing antibiotics for infants with negative blood
cultures. (3)

“Recent prospective studies have

shown that using an EOS calculator can
safely decrease the need for empiric
antibiotic treatment, laboratory tests, and
unnecessary nursery admissions, which
may ultimately decrease the length of
stay (LOS) and costs.(1,5,15)”

Auniform treatment plan of EOS for the term and near-term infants
whose mothers were diagnosed with CAM was lacking in clinical
practice. The Neonatal Early-Onset Sepsis Calculator was cre-
ated by Kaiser Permanente, which guides medical management
by measuring maternal risk factors and reviewing their newborn’s
clinical presentation. (10 )The non-subjective tool was developed
to minimize unnecessary interventions. In 2018, the AAP’s Com-
mittee on Fetus and Newborn published a report supporting the
use of Kaiser Permanente’s EOS Calculator as an acceptable ap-
proach to manage suspected or proven bacterial sepsis in infants
> 35 weeks of age. (10) Recent prospective studies have shown
that using an EOS calculator can safely decrease the need for
empiric antibiotic treatment, laboratory tests, and unnecessary
nursery admissions, which may ultimately decrease the length of
stay (LOS) and costs.(1,5,15)
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Table 2 EOS Healthcare Utilization and Associated Costs per Newborn

Pre Post
(n=111) (n=125) P-value

EOS Healthcare Utilization

Laboratory Tests (a) 97 (87) 81 (65) <0.001

Empiric Antibiotic Courses(a) 89 (80) 40 (32) <0.001

Antibiotic Days (b) 2 (2-3) 0 (0-2) <0.0001

Length of Stay in Days (b) 2.3 (2.1-2.6) 2.3(2.0-2.7) 0.875
EOS Costs (b)

Laboratory Tests $34.34 (34.34-34.34) $34.34 (0-34.34) <0.0001

Antibiotic Treatment $257.89 (257.89-257.89) $0 (0-257.89) <0.0001

Combined (Tests & Antibiotics) $292.23 (292.23-292.23) $34.34 (0-292.53) <0.0001

(a) n (Percentage); (b) Median (Interquartile range)

With all types of sepsis, the average reported LOS was 24 to 72
days in high-income countries. (18) The United States, in particu-
lar, has the highest treatment costs worldwide, spending almost
twice as much on medical care as ten other high-income countries
with comparatively worse healthcare outcomes. (2) This study
sought to determine whether using the EOS calculator decreases
sepsis evaluations, antibiotic utilization, and hospital LOS for new-
borns whose mothers were diagnosed with confirmed chorioam-
nionitis (CAM) and its cost implications at our facility.

“With all types of sepsis, the average
reported LOS was 24 to 72 days in high-
income countries. (18)”

Methods

A retrospective observational cohort study was conducted at a
metropolitan area hospital with approximately 6 000 deliveries an-
nually. Any mother with a pregnancy = 35 weeks gestation diag-
nosed with CAM was screened for inclusion (N = 249). ICD-10-CM
codes for chorioamnionitis (041.1230, 041.1290) were used to ex-
tract information from the hospital data warehouse. Direct admis-
sions to the neonatal intensive care unit (NICU) were excluded as
these infants likely would have been symptomatic for sepsis and
would require antibiotic therapy, thus eliminating the need for the
EOS calculator. De-identified information, including demographic
and clinical characteristics, antibiotic usage (initiation, number
of days), EOS-related laboratory tests (CBC and blood culture),
and LOS, were collected one year before and after the August
28, 2019, EOS calculator implementation. In our unit, we currently

Laboratory Tests Before/After EOS Calulator Implementation (Aug 2019)
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use the Center for Disease Control's national incidence of EOS
(0.5/1000 live births) when computing the probability of sepsis.
Our current antibiotic regimen for a newborn at risk for early in-
fection is, at minimum, treatment with 48 hours of IV antibiotics.
Ampicillin is prescribed at 100mg/kg every 8 hours for six doses
and Gentamicin 4 mg/kg every 24 hours for two doses. Readmis-
sions throughout the hospital system within 14 days of discharge
were reviewed for any diagnosis of sepsis. The estimated hospital
reimbursement associated with EOS-related laboratory tests and
antibiotic treatment (1V antibiotic administration and physician fee)
was calculated for each cohort using the Arizona Medicare reim-
bursement rates for 2018-2020.

Human protection oversight was obtained from the Banner Health
Institutional Review Board, and the study can be found on Clini-
caltrials.gov as NCT04513691. Due to the retrospective nature of
this study, the data retrieval did not undergo independent monitor-

ing.
Statistical Analysis

Descriptive statistics were used to summarize the data for all
study variables. Continuous variables were reported as means
and standard deviation values. Categorical variables were report-
ed as numbers and percentages. All categorical variables were
compared using the Fisher exact or x2 test, and the Wilcoxon
Rank Sum test was applied for continuous variables. In addition,
monthly charts were plotted for labs and antibiotic usage. By us-
ing an estimated 40% and 23% antibiotic usage rate for pre/post-
intervention, respectively, a sample size of at least 234 subjects
was needed, assuming an alpha level of 0.05 and 80% power.
STATA® Version 17 (StataCorp, College Station, TX) was used
for all statistical analyses. A P value < 0.05 was considered sig-
nificant.

“There were no significant differences
in the demographics between the two
cohorts; however, more than half of the
mothers in both groups identified as
Hispanic (Table 1). Both cohorts had a
median gestational age of 39 weeks; the
median birthweight in grams was 3400
vs. 3440.”

Results

Of the 249 mother and baby dyads reviewed, 236 were included
in this study. There were 111 newborns in the pre-EOS calculator
cohort and 125 in the post-cohort. There were no significant dif-
ferences in the demographics between the two cohorts; however,
more than half of the mothers in both groups identified as Hispanic
(Table 1). Both cohorts had a median gestational age of 39 weeks;
the median birthweight in grams was 3400 vs. 3440. As expected,
there was a significant decrease in EOS-related laboratory tests
after implementing the calculator (97 vs. 87, P<0.001). Addition-
ally, antibiotic usage was significantly lower, with the number of
courses decreasing by over 50% (89 vs. 40, P<0.001). This re-

sulted in a reduction of median antibiotic days in the post-imple-
mentation cohort (2 vs. 0, P < 0.0001) (Table 2). When graphed
by month (Figures 1, 2), a decrease in the proportion of laboratory
tests and antibiotic usage is apparent after calculator implementa-
tion antibiotics usage ($210.60 vs. $85.20; P < 0.0001) was sig-
nificantly reduced. There was a statistically significant reduction in
the median combined estimated reimbursement associated with
EOS-related care per baby ($292.23 vs. $34.34; P < 0.0001) (Ta-
ble 2). When reviewing for readmissions to the hospital network
for missed EOS cases, none were present.

“As expected, there was a significant
decrease in EOS-related laboratory tests
after implementing the calculator (97

vs. 87, P < 0.001). Additionally, antibiotic
usage was significantly lower, with the
number of courses decreasing by over
50% (89 vs. 40, P < 0.001).”

Discussion

As mirrored elsewhere in the literature, using the EOS calculator
has proven beneficial to our hospital. We observed a significant
reduction in laboratory tests and antibiotic usage by adopting the
EOS calculator, ultimately decreasing the cost burden. The large
meta-analysis conducted by Atchten et al. (19) supports our find-
ings, which reviewed over 175,000 neonates. They confirmed
that using the EOS calculator results in a substantial reduction
in empirical antibiotics. (19) The change in practice is especially
beneficial to newborns whose mothers were diagnosed with CAM
placing them at the highest risk of receiving EOS treatment. Elimi-
nating prophylactic treatment when the risk of EOS is low allows
the newborn and mother to remain together to establish breast-
feeding and bond. It also decreases the economic burden on the
hospital system when well-appearing infants do not need to re-
ceive antibiotic treatment. (1)

“We observed only a slight reduction

in LOS, which was not statistically
significant. Nevertheless, in a similar
study to ours, Achten et al. (20) found that
the mean LOS for EOS was significantly
shorter for their post-implementation
cohort (0.37 days, P = 0.005).”

Another advantage of utilizing the calculator is its effect on hospi-
tal LOS. We observed only a slight reduction in LOS, which was
not statistically significant. Nevertheless, in a similar study to ours,
Achten et al. (20) found that the mean LOS for EOS was signifi-
cantly shorter for their post-implementation cohort (0.37 days, P
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=0.005).

We used the actual Arizona Medicare reimbursement rates to de-
termine our facility’s estimated compensation for EOS. Reducing
the number of laboratory tests and antibiotic usage decreased the
median cost burden by $257.89 ultimately. Gong et al. (21) per-
formed a cost-benefit analysis in which usage of the EOS calcula-
tor showed a net monetary benefit of $3998 per infant, which may
largely be attributed to the 67% reduction in antibiotic therapy.

Atchen et al. (19) further found that using the EOS calculator did
not lead to an increase in missed cases of EOS, overall EOS in-
cidence, readmissions, delay in antibiotic therapy, or EOS-related
morbidity or mortality. Leonardi et al. (1) found similar results re-
garding the lack of hospital readmissions due to sepsis, similar to
our study. Likewise, we showed the absence of readmissions for
EOS and any sepsis 14 days after the newborn’s initial discharge.

“As is true for any dataset, errors in
coding or labeling may have inadvertently
caused some patients to be omitted.

Our sample size did not demonstrate

a significant reduction in LOS, but

a more extensive study may detect
improvement.”

Limitations

Although our results are in line with many other publications, this
study was conducted at a single hospital in a higher-income coun-
try, and thus, Arizona Medicare reimbursement rates may not be
generalizable to other sites worldwide. In contrast to individual
chart reviews, we could access the hospital's databases and
review the de-identified information quickly. However, we could
not explore individual medical records to gather specific details
of interest. As is true for any dataset, errors in coding or labeling
may have inadvertently caused some patients to be omitted. Our
sample size did not demonstrate a significant reduction in LOS,
but a more extensive study may detect improvement.

Additionally, the delivery mode may have impacted the infant’s to-
tal LOS. As we did not evaluate infants admitted to the NICU, our
hospital’s true incidence of EOS was not captured. Prenatal an-
tibiotic administration was not collected; therefore, it is unknown
what effect it may have had on a newborn’s clinical course.

Conclusion

This study contributes to the currently available literature advocat-
ing using the EOS Calculator. The judicious clinical observation
of the newborn and calculator use safely reduces sepsis evalua-
tions, antibiotic administration, and resource utilization.

References:

1. Leonardi BM, Binder M, Griswold KJ, Yalcinkaya GF, Walsh
MC. Utilization of a Neonatal Early-Onset Sepsis Calculator
to Guide Initial Newborn Management. Pediatr Qual Saf. Sep-
Oct 2019;4(5):e214. doi:10.1097/pq9.0000000000000214

10.

11.

12.

13.

14.

15.

16.

Papanicolas |, Woskie LR, Jha AK. Health Care Spend-
ing in the United States and Other High-Income Coun-
tries. JAMA. Mar 13 2018;319(10):1024-1039. doi:10.1001/
jama.2018.1150

Klingenberg C, Kornelisse RF, Buonocore G, Maier RF,
Stocker M. Culture-Negative Early-Onset Neonatal Sepsis -
At the Crossroad Between Efficient Sepsis Care and Antimi-
crobial Stewardship. Front Pediatr. 2018,;6:285. doi:10.3389/
fped.2018.00285

Hornik CP, Benjamin DK, Becker KC, et al. use of the com-
plete blood cell count in early-onset neonatal sepsis. Pe-
diatr Infect Dis J. Aug 2012;31(8):799-802. doi:10.1097/
INF.0b013e318256905¢

Jan Al, Ramanathan R, Cayabyab RG. Chorioamnionitis
and Management of Asymptomatic Infants 235 Weeks With-
out Empiric Antibiotics. Pediatrics. 2017,140(1):e20162744.
doi:10.1542/peds.2016-2744

Jefferies AL. Management of term infants at increased risk
for early-onset bacterial sepsis. Paediatr Child Health. Jul
2017,;22(4):223-228. doi:10.1093/pch/pxx023
Trijbels-Smeulders M, de Jonge GA, Pasker-de Jong PC, et
al. Epidemiology of neonatal group B streptococcal disease
in the Netherlands before and after introduction of guide-
lines for prevention. Arch Dis Child Fetal Neonatal Ed. Jul
2007;92(4):F271-6. doi:10.1136/adc.2005.088799

Verani JR, McGee L, Schrag SJ, Division of Bacterial Dis-
eases NCfl, Respiratory Diseases CfDC, Prevention. Pre-
vention of perinatal group B streptococcal disease--revised
guidelines from CDC, 2010. MMWR Recomm Rep. Novem-
ber 19 2010;59(RR-10):1-36.

Neonatal Early Onset Sepsis Calculator. Accessed March
20, 2020. https.//neonatalsepsiscalculator.kaiserperman-
ente.org/

Puopolo KM, Benitz WE, Zaoutis TE. Management of Ne-
onates Born at 235 0/7 Weeks’ Gestation With Suspected
or Proven Early-Onset Bacterial Sepsis. Pediatrics. Dec
2018;142(6)doi:10.1542/peds.2018-2894

Wynn JL, Wong HR, Shanley TP, Bizzarro MJ, Saiman L,
Polin RA. Time for a neonatal-specific consensus defini-
tion for sepsis. Pediatr Crit Care Med. Jul 2014,;15(6):523-8.
doi:10.1097/PCC.0000000000000157

Newman TB, Puopolo KM, Wi S, Draper D, Escobar GJ.
Interpreting complete blood counts soon after birth in new-
borns at risk for sepsis. Pediatrics. Nov 2010,126(5):903-9.
doi:10.1542/peds.2010-0935

Schelonka RL, Chai MK, Yoder BA, Hensley D, Brockett
RM, Ascher DP. Volume of blood required to detect com-
mon neonatal pathogens. J Pediatr. Aug 1996;129(2):275-8.
doi:10.1016/s0022-3476(96)70254-8

Marks L, de Waal K, Ferguson JK. Time to positive blood
culture in early onset neonatal sepsis: A retrospective clinical
study and review of the literature. J Paediatr Child Health.
Sep 2020,;56(9):1371-1375. doi:10.1111/jpc. 14934

Money N, Newman J, Demissie S, Roth P, Blau J. Anti-micro-
bial stewardship: antibiotic use in well-appearing term neo-
nates born to mothers with chorioamnionitis. J Perinatol. Dec
2017;37(12):1304-1309. doi:10.1038/jp.2017.137

Rutten NB, Rijkers GT, Meijssen CB, et al. Intestinal mi-
crobiota composition after antibiotic treatment in early life:
the INCA study. BMC Pediatr. December 9 2015;15:204.
doi:10.1186/s12887-015-0519-0

NEONATOLOGY TODAYé¢www.NeonatologyToday.neté®February 2023 7



17.

18.

19.

20.

21.

Ramasethu J, Kawakita T. Antibiotic stewardship in peri-
natal and neonatal care. Semin Fetal Neonatal Med. Oct
2017;22(5):278-283. doi:10.1016/j.siny.2017.07.001

Salman O, Procter SR, McGregor C, et al. Systematic Review
on the Acute Cost-of-illness of Sepsis and Meningitis in Neo-
nates and Infants. Pediatr Infect Dis J. Jan 2020;39(1):35-
40. doi:10.1097/INF.0000000000002500

Achten NB, Klingenberg C, Benitz WE, et al. Association of
Use of the Neonatal Early-Onset Sepsis Calculator With Re-
duction in Antibiotic Therapy and Safety: A Systematic Review
and Meta-analysis. JAMA Pediatr. Nov 1 2019;173(11):1032-
1040. doi:10.1001/jamapediatrics.2019.2825

Achten NB, Visser DH, Tromp E, Groot W, van Goudoever
JB, Plotz FB. Early onset sepsis calculator implementation is
associated with reduced healthcare utilization and financial
costs in late preterm and term newborns. Eur J Pediatr. May
2020;179(5):727-734. doi:10.1007/s00431-019-03510-9
Gong CL, Dasgupta-Tsinikas S, Zangwill KM, Bolaris M,
Hay JW. Early onset sepsis calculator-based manage-
ment of newborns exposed to maternal intrapartum fever: a
cost benefit analysis. J Perinatol. Apr 2019;39(4):571-580.
doi:10.1038/s41372-019-0316-y

Acknowledgments

We want to thank Isabel Abbott, MD, from the pediatric residency
program at Phoenix Children’s Hospital, and Daniel Butorovich,
Data Scientist from Banner Health. We appreciate the coopera-
tion of Pediatrix Medical Group and Banner Health, who made this
study possible.

Disclosures: None noted.

NT

Pooja Rangan MBBS, MPH

Graduate Medical Education Data and Research Outcomes
Director, Banner University Medical Center Phoenix
Research Assistant Professor

University of Arizona College of Medicine

Phoenix, AZ

Emial pooja.rangan@bannerhealth.com

Christine Wade, BSN

Research Nurse

Arizona Neonatology/Pediatrix Medical Group
Banner — University Medical Center Phoenix NICU
Banner Children's at Desert Medical Center NICU

Becky Micetic, BSN

Research Nurse

Arizona Neonatology/Pediatrix Medical Group
Banner — University Medical Center Phoenix NICU
Banner Children's at Desert Medical Center NICU

Corresponding Author

Suma Rao, MD,

Medical Director, NICU, Chief, .

Department of Pediatrics,

Banner - University Medical Center Phoenix,

Clinical Assistant Professor,

University of Arizona College of Medicine,

Email: suma.rao@pediatrix.com, suma.rao@bannerhealth.com,
Arizona Neonatology, 4722 N. 24st St., Suite 100, Phoenix, AZ 85016,
Telephone: (602) 839-7412 .

NEONATOLOGY TODAYé¢www.NeonatologyToday.neté®February 2023 8




