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Abstract Objective Clinical practice guidelines (CPG) worldwide help steer themanagement of
early-onset neonatal sepsis (EONS). These documents typically discourage the use of
risk assessment tools. However, prior work has shown that the Kaiser Permanente
calculator (Early-Onset Sepsis Calculator [EOScalc]) could be a useful tool in EONS risk
assessment. This study aimed to determine the agreement between the recommen-
dations of the Colombian EONS CPG and those of the EOSCalc tool in a cohort of
newborns in Bogotá, Colombia.
Study Design Multicenter retrospective observational cohort study. We included new-
bornswithagestational age�34weekswhowereadmitted to theneonatal careunit witha
suspected diagnosis of EONS between 2017 and 2019. Agreement between the two tools
was examined using Cohen’s kappa under two scenarios (unequivocal and cautious).
Results Of the 23.490 live births, 470 (1.71%) were admitted to the neonatal care unit
with a presumptive diagnosis of EONS. This diagnosis was confirmed in seven patients
by means of blood cultures, with group B streptococcus the most common organism
(57%; 95% confidence interval [CI]: 18.4–90.1). A single death occurred among the
patients with confirmed EONS (lethality: 14.3%). The overall incidence of EONS was
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Early-onset neonatal sepsis (EONS) is a clinical condition
responsible for a large number of hospital admissions world-
wide.1 The etiological organism most frequently reported is
Streptococcus agalactiae, a member of the group B strepto-
cocci (GBS). However, its incidence has decreased since the
implementation of maternal screening with rectovaginal
cultures.2 Although GBS remains the most frequent micro-
organisms, the use of these strategies has shifted the global
epidemiology toward germs such as Escherichia coli and
Listeria monocytogenes.3

The positivity rate for blood cultures confirming EONS is
low, with an incidence of approximately 0.5 per 1,000 live
births, as reported by the Centers for Disease Control and
Prevention (CDC). The incidence of this condition in
Colombia is currently unknown, but admission rates to
neonatal intensive care units (NICUs) due to suspected
EONS are high, leading to negative outcomes such as bacte-
rial resistance, medication-related adverse events, unneces-
sary procedures, and prolonged hospital stays, amongothers.
This situation is not uncommon worldwide, which is why in
2011, Dhudasia et al used maternal factors and features of
the newborn’s clinical condition to predict EONS, leading to
the development of the Early-Onset Sepsis Calculator
(EOSCalc).4

The need to standardize the clinical approach to EONS has
led to the development of clinical practice guidelines. Both
the United Kingdom’s National Institute for Health and Care
Excellence (NICE) guideline and the Colombian Early-Onset
Neonatal Sepsis Clinical Practice Guidelines (CPG) discour-
age the use of risk assessment tools in managing EONS.5,6

However, various studies have been performed to evaluate
the clinical, economic, and social outcomes derived from
using EOSCalc in different populations,with favorable results
such as reductions in the rates of NICU admissions, proce-
dures, and antibiotic use.1,7–19 Other studies highlight the
concern that EOSCalc maymiss EONS cases, leading to delays
in diagnosis and negative outcomes.1,19–23 The aim of this
studywas to calculate the incidence of EONS in Bogotá and to
calculate the agreement in clinical recommendations
according to the CPG and EOSCalc.

Materials and Methods

A retrospective cohort study was performed in three tertia-
ry-care centers in Bogotá. Data were taken from electronic
health records (EHRs) spanning January 2017 to Janu-
ary 2020. We selected EHRs of newborns with gestational
age � 34 weeks in whom complete blood counts, blood
cultures, C-reactive protein (CRP), erythrocyte sedimenta-
tion rate, or procalcitonin was ordered within 72 hours after
delivery to identify patients with a presumptive diagnosis of
EONS.24 We excluded records from patients with chromo-
somal anomalies, major congenital defects, or perinatal
hypoxia.

We calculated the sample size required for an interrater
reliability study (GPC and EOSCalc) with a binary outcome of
antibiotic use recommendation. We estimated different
sample sizes for various proportions of correct recommen-
dations, defined as a rater giving an antibiotic use recom-
mendation in patients in whom blood cultures were
ultimately positive, and for different alternate hypotheses
on Cohen’s kappa. Using an alternate hypothesis for Cohen’s
kappa of 80% and a correct recommendation rate of 5%, we
calculated a sample size of approximately 185 patients.25

The study variables were selected from perinatal risk
factors, the neonate’s clinical status, any ancillary testing
performed, and antibiotic use. The normal range for leuko-
cyte count was considered to be between 5,000 and 33,000
cells/uL, and CRP>5mg/L was considered abnormal. Using
these data as input, the EOSCalc classified each neonate into
one of three groups: clinically ill-appearing, equivocal-
appearing, and well-appearing. Clinically ill patients had a
persistent requirement of oxygen therapy with high-flow
nasal cannulas, continuous positive airway pressure (CPAP),
or mechanical ventilation, hemodynamic instability despite
vasoactive support, neonatal encephalopathy, or a require-
ment of oxygen therapy to maintain oxygen saturations of
>90% for�2hours. Equivocal-appearing newborns displayed
isolated tachycardia, tachypnea, fever, or respiratory distress
for>4hours, or a combination of at least two of the above for
>2hours. On data extraction from 10 positive blood cultures,

Key Points
• Colombian EONS CPGs recommend that an outsized number of newborns be given antibiotics.
• The KP EOSCalc risk assessment calculator shows poor agreement with CPG recommendations.
• The Colombian CPGs should be updated to include the use of risk assessment calculators.

0.298 per 1,000 live births. After splitting the recommendations into two scenarios
regarding antibiotic use, unequivocal and cautious, the agreement between EOSCalc
and the CPG was below 15% (6 and 14%, respectively).
Conclusion Recommendations from the Colombian EONS CPG show poor agreement
with the EOSCalc, with the latter detecting all newborns with EONS. Although the use of
EOSCalc is clinically and administratively advantageous, further prospective studies are
warranted to determine the safety of its implementation.
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3 were judged to be contaminated because of the specific
bacterial isolate, the opinion of the pediatric infectious
disease specialist, and the patient’s clinical status diverging
considerably from the expected evolution for the reported
isolate.

The Colombian GPC recommends making a diagnosis of
EONS if three or more of the following criteria are present:
increased oxygen requirements, apnea (>20 seconds),
tachypnea, bradycardia, arterial hypotension, perfusion al-
teration (capillary refill time>3 seconds), altered mental
status, irritability, neonatal seizure, abnormal temperature
(outside the 36–37.5 °C range), persistent vomiting, abdom-
inal distension (>3 cm increase from baseline), jaundice,
glucose intolerance (>120mg/dL), metabolic acidosis.

The results of EOSCalc were interpreted under two sce-
narios, given the wording assigned to risk scores by the
calculator. The calculator outputs a recommendation of
“empirical antibiotics” if calculated risk exceeds 3 per
1,000 live births and “consider antibiotics” if the calculated
risk is below that value but clinical examination findings
suggest clinical illness. Since these two outputs are open to
interpretation, we analyzed the results considering an “un-
equivocal approach,” in which antibiotics would be admin-
istered only to children with a recommendation of
“empirical antibiotics,” and a “cautious approach” in which
antibiotics would have been administered to any child with
at least a “consider antibiotics” recommendation.

The protocol for this study was approved by the Ethics in
Research Committee of the Fundación Universitaria Sanitas
(grant no.: CEIFUS 879–20) and the Ethics in Research
Committee of the Universidad del Rosario (approval no.:
DVO0051488-CV1365). Anonymized data were entered
into a centralized database for analysis. All analyses were
performed using R. Risk assessments were obtained from the
Kaiser Permanente website using the CDC-reported inci-
dence of 0.5/1,000 newborns since the incidence in Colombia
was unknown.24,26,27 Sensitivity analyses using incidences
of 0.3/1,000 newborns and 0.6/1,000 newborns were per-
formed. The final clinical recommendations were based on
the clinical variables included in the EOSCalcmodel. Thiswas
comparedwith the recommendations of the 2013Colombian
EONS CPG. A descriptive analysis of length of hospital stay
among the different risk groups according to the EOSCalc
model was performed.

Results

Of the 23,497 newbornswith gestational age�34weeks, 470
(1.71%) were admitted to the NICU with a presumptive
diagnosis of EONS. Females made up 41.7% (n¼196) of the
sample, with a median gestational age of 37.14 weeks
(interquartile range [IQR]: 3.43 weeks) and a median birth
weight of 2,700 g (IQR: 716 g; ►Table 1). A single death
occurred in the group of patients with culture-confirmed
EONS, for a lethality of 14.3%. Although antepartum screen-
ing is considered the standard of care in Colombia, the results
were often not available to physicians. Centers #2 and #3
were part of the same network within a Health Management

Organization (HMO) and results for these patients were
always available to physicians. However, Center no.: 1
catered to a variety of patients from different HMOs and
test results were not shared with the center, which operated
as a private institution outside any of the networks.

In newborns, the normal range for absolute leukocyte
counts is broad. Hence, 13 patients (2.76%) had leukocytosis
and 4 (0.85%) had leukopenia, of which only 1 had positive
blood cultures. Positive CRP (>5 g/L) was found in 33.41%
(n¼156) of patients. Chest X-ray results were available for
272 (81.24%) patients, all of which had respiratory distress.
Of these, normal findings were reported in 18.75% (n¼51).

Incidence of Early-Onset Neonatal Sepsis
Of 473 blood cultures, 10 were positive, 7 of which were
pathological. The overall incidence of EONS in the study
sample was 0.298 per 1,000 newborns (95% confidence
interval [CI]>0.120/1,000–0.614/1,000). The overall inci-
dence per center in the 2017–2019 time period ranged
from 0 cases in Center 3 to 4 cases in Center 1. The yearly
incidence ranged from 0.233 per 1,000 newborns in 2017 to
0.436 per 1,000 newborns in 2019. Center 3 had no con-
firmed EONS cases in the study period, probably due to the
low number of deliveries (►Supplementary Table S1, avail-
able in the online version only).

Theoretical Impact of EOSCalc versus the Colombian
CPG
All 470 newborns with a presumptive diagnosis of EONS had
data available for retrospective analysis and the theoretical
calculation of risk using EOSCalc. Empirical antibiotic was
administered to 354 (75.32%) newborns following the
Colombian CPG recommendations.

Retrospectively calculating risk using EOSCalc with an
incidence of 0.5/1,000 newborns, “empirical antibiotics”
were recommended in 76/470 newbornswith a presumptive
diagnosis of EONS (16.17%). If amore cautious approachwere
adopted and antibiotics were administered to newborns
receiving a recommendation of “consider antibiotics” as
well, the number would rise to 248/470 (52.77%; ►Table 2).

On the other hand, considering only the 354 patients in
whom the CPG suggested antibiotics, only 67 (18.9%) would
obtain that recommendation under EOSCalc, which would in
turn lead to a reduction in antibiotic use of 81.1%. If including
the patients in whom antibiotic was suggested, the number
of patients rises to 203 (57.34%), which would lead to an
antibiotic use reduction of 42.66%. When dichotomizing the
results to take into account only unequivocal antibiotic
recommendations (CPG: yes vs. no and observation;
EOSCalc: empirical antibiotic versus all other recommenda-
tions), the kappa coefficient would be 6.2%. If the recom-
mendationswere split considering amore cautious approach
(CPG: yes vs. no and observation; EOSCalc: empirical antibi-
otic and consider antibiotic versus other categories), the
kappa rises to 14.2%.

The overall median hospital stay of newborns included in
the study did not differ from that of newborns with con-
firmed EONS (5 days; IQR: 4 days). If patients are split
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according to the risk assessment result from EOSCalc, the
median hospital stay tends to increase (►Fig. 1).

Confirmed EONS Cases
Of the seven newborns with confirmed EONS, EOSCalc
recommended “Empirical antibiotics and NICU admission”
for three of them and “consider antibiotics, vital signs
monitoring in NICU” for the remaining four (►Table 3).
The Colombian CPG recommended antibiotics in six of the
seven newborns with confirmed EONS. None of the recom-
mendations changed when sensitivity analyses were per-
formed using incidences of 0.3 and 0.6/1,000 newborns.

Discussion

This study is the first study in Colombia to establish an
incidence for EONS, estimated to be 0.298 per 1,000 new-
borns in three centers in Bogotá between 2017 and 2019.
Additionally, this is thefirst Latin American study to evaluate
the agreement between the management recommendations
from the local CPGs and EOSCalc. Seven confirmed cases of
EONS were reported in this period, all of which received a
recommendation to start or consider antibiotics according to
EOSCalc. However, one of these cases did not receive this
recommendation according to the Colombian CPG, which
might suggest that EOSCalc displays greater sensitivity for
EONS.1,12,28,29

Table 1 Sociodemographic and clinical features of included
subjects

Variable

Center, n (%)

Center 1 245 (52.12)

Center 2 169 (35.96)

Center 3 56 (11.92)

Four or more prenatal
consults, n (%)

418 (88.94)

GBS screening, n (%)

Unknown 212 (45.11)

Negative 191 (40.64)

Positive 67 (14.26)

APP, n (%)

APP � 4 h 99 (21.06)

APP 2–3.9 h 21 (4.47)

APP>2 h 22 (4.68)

None or any Abx<2 h 328 (69.79)

Female sex, n (%) 196 (41.7)

Neonatal respiratory distress, n (%)

No 315 (67.02)

Moaning 7 (1.49)

Intercostal retractions 67 (14.26)

Both 81 (17.23)

O2 requirement, n (%)

No 198 (42.13)

Nasal cannula> 2 h to keep
SatO2> 90%

106 (22.55)

CPAP 92 (19.57)

HFNC 11 (2.34)

MV 63 (13.4)

Need for vasoactive support,
n (%)

11 (2.34)

Need for invasive procedures,
n (%)

95 (20.21)

EOSCalc, n (%)

Clinically ill-appearing 241 (51.28)

Well-appearing 185 (39.36)

Equivocal 44 (9.36)

Blood cultures, n (%)

Negative 460 (97.87)

Positive 7 (1.49)

Contamination 3 (0.64)

Maternal age (y), median
(Q1–Q3)

27 (23–32)

Antepartum maternal tem-
perature (°C), median
(Q1–Q3)

36.6 (36.4–37)

8 (3–17)

Table 1 (Continued)

Variable

Rupture of membranes (h),
median (Q1–Q3)

Gestational age (wk), median
(Q1–Q3)

37.14 (35.57–39)

Birth weight (g), median
(Q1–Q3)

2,700 (2,344–3,060)

Birth length (cm), median
(Q1–Q3)

48 (46–50)

Time to first progress note
(h), median (Q1–Q3)

5 (1.5–9)

Heart rate (BPM), median
(Q1–Q3)

145 (135–154.75)

Respiratory rate (BPM),
median (Q1–Q3)

54 (50–60)

Temperature (°C), median
(Q1–Q3)

36.7 (36.5–36.9)

Oxygen saturation (%),
median (Q1–Q3)

94 (91.25–96)

Approximate risk after physi-
cal examination (�1,000 NB),
median (Q1–Q3)

0.5 (0.05–1.92)

Hospital stay (d), median
(Q1–Q3)

5 (4–8)

Abbreviations: Abx, antibiotics; APP, antepartum prophylaxis; BPM,
beats per minute; CPAP, continuous positive airway pressure; EOSCalc,
Early-Onset Sepsis Calculator; GBS, group B streptococcus; HFNC, high-
flow nasal cannula; MV, mechanical ventilation; NB, newborns.

American Journal of Perinatology © 2023. The Author(s).

EONS Risk Calculator and Colombian CPG Quintero-Carreño et al.



Regarding the bacterial isolates in the confirmed EONS
cases, GBS continues to be themost frequently isolated group,
followed by L. monocytogenes and E. coli. These findings are
similar to those reported in the literature,1,28which describes
a shift away from EONS caused by GBS due to the implemen-
tationof screeningandantepartumprophylaxis.3,9Onanalysis
of the seven EONS confirmed cases, five of them (71.4%) had
had no GBS screening and did not receive adequate GBS
prophylaxis, corroborating that these two measures have
likely been key to reducing the incidence of EONSworldwide.
Given the severity ofGBS-related EONS, a high lethality is to be
expected, and one of seven cases in this study had this
outcome. On the other hand, the point estimate for the
frequency of L. monocytogenes exceeds the values reported
elsewhere,which rangesbetween4and6% forWesternEurope
and Australasia.30,31 However, the low frequency of EONS
found in this study leads to considerable uncertainty around
the point estimates, with CIs that overlap with the values
reported worldwide (28%; 95% CI: 3.67–70.96).

The results of ancillary testing (completeblood count, CRP
12hours after delivery) showed that the leukocyte count is a
poor predictor of EONS. Furthermore, as expected, elevated
CRP values display high sensitivity and low specificity for the

diagnosis of EONS, limiting its clinical application. This
suggests that ancillary testing in newborns is unlikely to
provide useful information when deciding whether anti-
biotics should be administered empirically.5 However,
once a presumptive diagnosis of EONS is made, the Colom-
bian CPG suggests obtaining these values. Similarly, 57.88% of
our patients had chest X-ray results available, and alterations
were reported in 221 of them of which only 1 was confirmed
to be an EONS case. It should be noted that chest X-rays are
not recommended by any major CPG worldwide as part of
ancillary testing for newborns with suspected EONS, given
its poor diagnostic performance.5

The primary aim of this study was to evaluate the agreement
between the recommendations of EOSCalc and those of the
Colombian EONS CPG. Risk categories are different for each of
these tools, with the Colombian CPG issuing three recommenda-
tions regarding theuseofempirical antibiotics (start, observation,
anddonot start),whileEOSCalc issues four recommendations (no
additional management, take blood cultures, consider antibiotic,
and start empirical antibiotics). Hence, we opted to split the
recommendationsunder twointerpretationscenarios. In thefirst,
which we referred to as the unequivocal scenario, we compared
the recommendations to start empirical antibiotics against all

Table 2 Comparison of EONS management recommendations from EOSCalc and the Colombian CPG

EOSCalc recommendation CPG recommendation Total

No Observation Yes

No additional management, vital signs every 4 h for 24 h 7 62 144 213

Blood cultures, vital signs every 4 h for 24 h 0 2 7 9

Consider antibiotic, vital signs monitoring in NICU 0 36 136 172

Empirical antibiotic, NICU admission 0 9 67 76

Total 7 109 354 470

Abbreviation: NICU, neonatal intensive care unit.

Fig. 1 Distribution of hospital stay duration by EOSCalc recommendation.
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other recommendations by each tool. In the second scenario,
whichwe refer to as “cautious,”we compared the categories that
would at least justify the use of antibiotics against all others. For
EOSCalc, for example, the recommendations to both start and
consider empirical antibiotics were grouped and compared with
theothers. Theoretically, thiswouldallow forgreaterhomogenei-
ty in the interpretation of the recommendations. However,
Cohen’s kappa for the recommendation did not exceed 15% (6
vs. 14% for each scenario, respectively), which is considered
poor.32 This disagreement could have significant effects on the
frequency with which antibiotics are used.

The NICU admission rate for suspected EONSwas 1.71% (470
newborns) in newborns with gestational ages � 34 weeks, of
which 75.32% (354 newborns) received empirical antibiotics as
recommended by the local CPG. The use of EOSCalc would have
allowed for an 81.1% reduction in the use of empirical antibiotics
under the unequivocal scenario and 42.66% under the cautious
scenario. This is similar to the results reportedbyKimptonet al in
the United Kingdom, who projected a reduction in the use of
empirical antibiotics of up to 90.8% when comparing EOSCalc
with the local guidelines.1

Another theoretical impact of the implementation of
EOSCalc is a potential reduction in the duration of hospital
stays. Themedian hospital stay for newbornswith confirmed
EONSwas 5 days (IQR: 4 days). The hospital stay tended to be
longer in children whose risk profile led to EOSCalc recom-
mendations of NICU admission or close monitoring versus
those with recommendations of expectant management.
Studies in North America and Europe have evaluated the
outcome of more accurate risk assessment in newborns,
concluding that it reduces the duration of hospital stays
and the mother–child separation time.1,8

Limitations and Strengths

Among the limitations of this study, we found that its retro-
spectivenaturehada significant impacton thehomogeneityof
the quality of the EHRs, since several recordswere incomplete
or reported the clinical status of the newborns up to 24hours
after delivery. This limited the data collection of variables
related to the evolution of symptoms, which may have modi-
fied the risk assessment by EOSCalc. Additionally, the theoret-
ical, retrospective, risk assessment by EOSCalc requires a
prospective study for confirmation of the expected benefits.

Before undertaking this study, we found no local or
national reports of EONS incidence. Although we used an
incidence of EONS of 0.5/1,000 newborns to estimate the
EOSCalc risk, the clinical recommendations did not change
significantly after using a value of 0.6/1,000 newborns. This
could mean that the change in the model’s intercept had no
significant impact on the clinical recommendations in this
sample. However, Benitz and Achten, in 2021, cautioned
against using calculators with different incidence values
since the model itself may require a formal readjustment
for the intended population.33 The lack of reports on the
incidence of EONS in Colombia from academic or adminis-
trative sources suggests that there is a pressing need to carry
out public health monitoring for this condition.

The results presented here should not be interpreted as a
suggestion to disregard local guidelines or expert recom-
mendations, which can help inform the decision-making
process of physicians in high-risk clinical scenarios. Risk
assessment calculators should simply be an additional tool
to be used in clinical practice. A potential reduction in
unnecessary antibiotic use could mitigate the effects of
alterations in the intestinal microbiota, such as the develop-
ment of chronic illnesses.8–18,20–22,34 This potential benefit
justifies further prospective and controlled studies that can
explore the effects of EOSCalc’s use on these outcomes.

Conclusion

Thanks to a more profound understanding of the pathophys-
iology of EONS, different risk assessment tools with good
predictive power (EOSCalc) have been developed. The adop-
tion of this tool into clinical practice in Colombia has the
potential to reduce the unnecessary use of intensive care and
antibiotics in newborns. Although the use of this calculator
could be clinically and administratively advantageous, fur-
ther prospective studies on the safety of its implementation
in the Colombian context are necessary. Lastly, the local CPG
on the diagnosis and management of EONS is potentially
outdated, particularly with regard to the use of risk assess-
ment tools, and an update is likely to be necessary.

What Is Already Known?

• Currently, a very high rate (between 5 and 60%) of
newborns at or near term (�34 weeks) are adminis-
tered antibiotics due to suspected early neonatal
sepsis.

• The use of antibiotics is not innocuous, and it could
lead to adverse events and complications for new-
borns. Additionally, the indiscriminate use of antibi-
otics leads to increases in bacterial resistance and
health care costs.

What This Study Adds?

• The agreement between the Colombian EONS CPG and
the EOSCalc risk assessment calculator regarding the
use of empirical antibiotics was poor, and antibiotic
use was recommended in 75.3 and 52.8%, respectively.

• The overall incidence of early neonatal sepsis in three
representative neonatal care centers in Bogotá was
0.298 per 1,000 newborns (95% CI: 0.120–0.614/1,000
newborns).

How This Study Could Improve Clinical
Practice?

• This article suggests that the local EONS CPG should be
updated and that the use of risk assessment calculators
such as the Kaiser Permanente EOSCalc should be
promoted in the diagnosis and management of this
condition.
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