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Abstract

Objective: To evaluate the conservative management of newborns born at �35 weeks of gesta-

tional age, at risk for early-onset neonatal sepsis (EOS).

Methods: Retrospective, analytic cohort study (2016 to 2019), including newborns �35 weeks of

gestational at risk of EOS, asymptomatic at birth, managed conservatively in full rooming-in:

serial physical examination and clinical observation for at least 48 h. They were classified into

three groups, according to the clinical course: asymptomatic (group A), symptomatic for other

reasons (group B), and with sepsis (group C). Risk factors, clinical signs and differential diagnoses

of sepsis, length of stay, and discharge conditions were evaluated.

Results: The authors evaluated 769 asymptomatic newborns at risk of EOS. (mean birth weight

2999 § 485 g and gestational age 37.6 § 1.7 weeks, respectively) corresponding to 12.2% of

rooming-in admissions. The most prevalent risk factors were colonization by Group B Streptococ-

cus (29%), prolonged rupture membrane duration (21.9%) and preterm labor (21.4%). Most of all

of them (53.9%) remained asymptomatic (group A). Group B corresponded for 45.3%, and the

most common clinical signs were hypothermia (24.5%), tremors (8.7%) and vomiting (8%). Envi-

ronmental dysthermia (50.7%), prematurity (20.0%), and feeding intolerance (15.7%) were com-

mon in Group B. Laboratory tests were performed in 3.5%. Five patients (one confirmed)

comprised group C (0.8/1,000 live births). There were no deaths. The median length of stay was

64 h (IQR 50-93).

Conclusion: The rate of clinical/confirmed EOS was low. Most of the symptomatic patients only

needed clinical evaluation to rule out sepsis. Management was shown to be safe.

© 2022 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Introduction

Neonatal infections are extremely relevant due to the high
rate of associated morbidity and mortality. Early-onset neo-
natal sepsis (EOS) is defined as an infection that occurs from
birth to 48�72 h of life.1 Unless there is strong evidence of
another source of contamination, early infection originates
from the maternal microbiota. Therefore, several maternal
factors are considered risk factors for EOS, such as urinary
tract infection, chorioamnionitis, premature rupture of ovu-
lar membranes, and maternal colonization with group B
Streptococcus (SGB).2

The gold standard for the diagnosis of EOS is a positive
blood or cerebrospinal fluid (CSF) culture.1,2 An accurate
diagnosis of EOS in the absence of positive cultures is not
easy, as the clinical findings and laboratory screening tests
are nonspecific, and they may be confused with conditions
specific from birth and neonatal adaptation to the extra-
uterine environment.3,4

The clinical suspicion of EOS, sometimes based only on
the presence of risk factors in asymptomatic infants, often
leads to the admission of newborns to a neonatal unit, and
the institution of empirical antibiotic therapy in many
patients who are not truly infected, leading to the possibility
of further deleterious effects.5 Thus, to not let a case of EOS
go unnoticed, many infants are categorized as being at high
risk and exposed to unnecessary treatment.2

Almost three decades ago, the present study’s neonatal
unit implemented conservative management based on risk
stratification associated with identifying clinical conditions
in newborns born at � 35 weeks, discouraging empirical
treatment in asymptomatic patients.6 Moreover, in the last
three decades, the success of obstetric interventions, such
as maternal Streptococcus agalactiae carrier identification,
and adequate antimicrobial peripartum prophylaxis, as well
as recognition of undesirable effects of early exposure of
newborns to antibiotics, are the main reasons that have
motivated new studies and new management guidelines. It
was only in 2018 that the assessment of newborns at risk of
EOS, based on their clinical conditions, was recognized by
the AAP as a possibility for management.7

In this context, this study aimed to evaluate the clinical
course and discharge conditions of newborns � 35 weeks of
gestational age at risk of EOS, asymptomatic at birth and
managed conservatively.

Methods

An analytical cohort study, with retrospective data analysis,
was carried out in a tertiary-level university hospital with
approximately 3000 deliveries/year. Inborn infants born at
35 weeks of gestational age or more, born between July
2016 and July 2019, at risk of EOS, who were asymptomatic
at birth and referred to the rooming-in ward, were included.
The criteria for rooming-in admission in the hospital are
well-appearing infants, gestational age � 35 weeks, and
birth weight � 2000 grams.

The sample size estimation was for convenience. Clinical
data were collected from medical records from a database
identifying newborns at risk of EOS.

The identified risk factors of EOS were: maternal SGB colo-
nization, prolonged rupture of membranes water (� 18 h),
preterm labor, intrapartum maternal fever alone (T � 38 °C),
maternal sepsis, foul smelling amniotic fluid, current urinary
infection untreated or treated within 48 h before delivery, the
previous sibling with a confirmed diagnosis of early group B
Streptococcus sepsis, and clinical chorioamnionitis.8

The indications for intrapartum prophylactic antibiotics used
in the neonatal unit were those recommended by the CDC.9

The selected newborns were divided into three groups
according to their clinical course. Group A: They remained
asymptomatic during the 48 h of clinical observation. Group
B: those who presented clinical signs suggestive of sepsis,
but this diagnosis was ruled out after an investigation by
serial clinical examination and laboratory analysis, if
needed, without using antibiotics. Group C: those who
showed clinical signs and received the diagnosis of EOS were
admitted to the neonatal unit and received targeted treat-
ment.

The diagnoses of proven EOS and clinical sepsis were per-
formed using the Diagnostic Criteria for Infection Related to
Health Care of the National Health Surveillance Agency of
Brazil- ANVISA.10

Complementary tests were performed in the case of
patients with persistent symptoms suggestive of EOS to
establish the diagnosis or to define the differential diagnosis
of the clinical signs. Thus, depending on the case, the fol-
lowing tests were obtained: White blood cell count (WBC),
C-reactive protein (CRP), blood culture, cerebrospinal fluid
(CSF) analysis, and chest X-ray.

For WBC evaluation, the absolute neutrophil counts (ANC)
and the immature-to-total (I/T) neutrophil ratio were ana-
lyzed, according to Manroe et al.11 CRP was quantified by
nephelometry and analyzed considering a value < 10 mg/l
as normal.12 Blood cultures were collected, when indicated,
in two samples. Chest radiography was performed when
there was a clinical indication for respiratory distress and
suspected pneumonia.

All asymptomatic newborns at birth were conservatively
followed up for the first 48 h of life in rooming-in. The protocol
included a serial physical examination by an attending physi-
cian (at birth, at 12h, and thereafter, every 24 h until dis-
charge), and by assessing the nursing staff, with clinical
evaluation, measurement of axillary temperature, and other
vital signs every six hours. Blood culture samples of the new-
born at risk of EOS were indicated in the following maternal
conditions: clinical chorioamnionitis; preterm labor with
unknown maternal SGB screening; a mother with the definite
or suspected septic condition during labor and delivery; moth-
ers with intrapartum axillary temperature � 38.0 °C; preg-
nant women with suspected or confirmed urinary tract
infection in insufficient treatment (less than 48 h of treat-
ment; time to rupture of ovular membranes � 18 h in infants
< 37 weeks; or in cases where mothers have an indication for
antibiotic prophylaxis for SGB, but they do not receive the
treatment or it occurred at an inappropriate time (< 4 h).

Patients who remained asymptomatic for up to 48 h of life
and with a partial negative result of blood cultures, were
discharged from rooming-in to home. Patients with isolated
symptoms and no signs of aggravation were reassessed and,
if the clinical sign was explained by a reason other than sep-
sis, they were kept under observation in the rooming-in. If
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the clinical signs were multiple, severe, or persistent, they
were admitted to a neonatal intensive care unit and under-
went complete infectious screening and antibiotic therapy.
In cases of negative blood cultures within 48 h and clinical
improvement, they were discharged. In case of suspicion of
clinical sepsis or confirmation by the positivity of blood cul-
ture and/or CSF, antimicrobial treatment was continued.

Categorical variables were expressed as absolute and rel-
ative frequency (%). Continuous variables were expressed as
the mean and standard deviation or median and interquar-
tile range (IQR), according to the distribution of values.
Rates were expressed as a percentage or per thousand live
births, as appropriate. When comparing groups, categorical
variables were compared using the chi-square or Fisher test
and continuous variables using the Mann-Whitney test,
according to the normality distribution of the variable. The
accepted significance level was p < 0.05.

The study was approved by the Research Ethics Commit-
tee (Certificate of Presentation of Ethical Appreciation:
89429418.8.0000.5404).

Results

A total of 769 newborn infants were evaluated, equivalent
to 12.2% of the total number of patients admitted to the
rooming-in ward (n = 6,274).

The cohort consisted predominantly of full-term new-
borns with a mean birth weight of approximately 3.0 kg
(2.999 § 485 g) and with a mean gestational age of
37.6§ 1.7. The proportion of preterm newborns was approx-
imately one-third (36.3%), The median stay in rooming-in
was 64 h (interquartile range 50�93 h) and was significantly
longer in group B than in group A: (72 h IQI 53-110 £ 60 h IQI
50-72, p < 0, 0001). The median hospital stay in group C cor-
responded to 240 h (IQR 204-456).

The risk factors for EOS found are described in Table 1.
The most frequent factors were SGB colonization (29.0%),
prolonged rupture membrane duration (22.0%) and preterm
labor (21.5%). The presence of more than one EOS risk factor
occurred in 13.3% of the population. Intrapartum maternal
antibiotic prophylaxis was performed in 52.4% (n = 403) of

the patients, using penicillin G (n = 338), cefazolin (n = 41),
ampicillin (n = 5) or clindamycin (n = 19), with a median of
9 h (IQR 4-24) before delivery.

According to their clinical course, Group A (n = 415), new-
borns who remained asymptomatic, corresponded to 53.9%.
Group B (n = 349) was equivalent to 45.3% of the sample,
which represented those infants who had some clinical signs
suggestive of sepsis, but who had a diagnosis ruled out.
Group C had only five newborns, who were diagnosed with
EOS, and they corresponded to 0.65% of cases and a rate of
0.8/1000 born living � 35 weeks of gestation.

In group B, the clinical manifestations, in order of fre-
quency, were: hypothermia (24.5%), tremors (8.7%), vomit-
ing (8%), difficulty in sucking (6.1%), respiratory distress (5
.3%), hypoactivity (4.8%), hypotonia (2.7%), hyperthermia
(1.8%), irritability (1.2%), cyanosis (0.9%), convulsion (0.5
%), apnea (0.5%), abdominal distension (0.4%), oliguria
(0.4%), tachycardia (0.3%) and altered perfusion (0.1%).

The differential diagnosis of EOS was carried out carefully
through a meticulous clinical evaluation, and, in some
patients, laboratory and imaging tests were performed.
Those who presented transient and self-limiting symptoms
did not undergo laboratory and/or radiological examina-
tions. The differential diagnoses of EOS performed in group
B are shown in Table 2.

Only 3.5% of the newborns were submitted to WBC
(n = 27), and eight of them had an altered ANC index. Only
one had both altered ANC and I/T values, and none had
platelet alterations. CRP measurement was performed in 21
patients (2.7%), with abnormal results in five patients, four
of them diagnosed with EOS. One patient in group B had an
altered CRP value, however, the diagnosis of sepsis was ruled
out because she had only one episode of transitory and self-
limited hyperthermia secondary to environmental factors,
in addition to the other normal laboratory parameters.

Chest radiography was performed in patients who main-
tained respiratory symptoms in the serial evaluations.
Thirty-one exams were performed, 17 of which were
altered. The radiological findings were compatible with
transient tachypnea of the newborn (n = 9), pneumothorax
(n = 3), clavicle fracture (n = 3), cystic adenomatous malfor-
mation (n = 1), cardiomegaly (n = 1). It is noteworthy that

Table 1 Maternal risk factors for early-onset neonatal sep-

sis identified in the cohort of newborns at risk admitted to

rooming-in ward in the four-year period (2016 to 2019).

Risk factor N-769 (%)

Streptococcal B carrier 223 (29.0)

Amniotic rupture � 18h 169 (22.0)

Premature labor 165 (21.5)

Fever 34 (4.4)

Sepsis 21 (2.7)

Current urinary infection 21 (2.7)

Foul smelling amniotic fluid 20 (2.6)

Clinical chorioamnionitis 9 (1.2)

Previous sibling with early streptococcal sepsis 4 (0.5)

More than one risk 103 (13.4)

Values are expressed in absolute (N) and relative (%) frequency.

Table 2 Distribution of differential diagnoses of early neo-

natal sepsis in group B newborns.

Diagnosis N-349 (%)

Environmental dysthermia 177 (50.7)

Prematurity 70 (20)

Feeding intolerance 55 (15.7)

Hypoglicemia 50 (14.3)

Hiperexcitability signs 48 (13.7)

Transitory tachipnea of the newborn 29 (8.3)

Suckling difficulties 21 (6)

Seizure 3 (0.8)

Pneumothorax 3 (0.8)

Congenital heart disease 3 (0.8)

Intestinal obstruction 2 (0.5)

Other 18 (2.3)

Values are expressed in absolute (N) and relative (%) frequency.
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none of the patients had a radiological image compatible
with pneumonia.

CSF sampling was performed on seven newborns (0.9%).
None of them had microorganism growth in the CSF culture.
The only patient whose CSF sample showed a cytological and
biochemical abnormality, together with altered hematologi-
cal screening and a clinical picture of seizure, corresponded
to an infant with meningitis without an isolated agent,
treated for 21 days with Oxacillin and Cefotaxime due to an
ultrasound diagnosis of ventriculitis.

Following the institutional protocol, two blood culture
samples were collected from 172 patients, which represents
22.3% of the sample. Positive results occurred in only one
case.

Patients in group C (n = 5) were transferred to the neona-
tal unit and received treatment for EOS, initially with peni-
cillin G and amikacin until the biological agent and site of
infection were defined. Only one infant had the diagnosis of
EOS confirmed by culture, with two samples of early growth
(12 h and 17 h) positive blood cultures of S. epidermidis.
The infant was treated with Vancomycin for seven days.
There was one case of meningitis as described above. The
remaining patients were diagnosed with clinical sepsis and
treated for 7 days.

There were no deaths among the evaluated patients.

Discussion

The conservative management evaluated in this study, used
since 1996, proved to be safe and effective, as there were
no deaths caused by delays in diagnosing or treating the true
ill patients.

One of the first studies in assessing conservative manage-
ment in newborns at risk of EOS was carried out by Escobar et
al in 1995/1996, which showed that the risk of EOS in the
absence of symptoms was very low: in a cohort of 18,299
infants weighing more than 2,000 g, only 2.2% presented crite-
ria of proven, probable or possible EOS. This manuscript was
published in 2000, and this result, at that time, motivated the
present study’s team to proceed with conservative manage-
ment and to value the clinical manifestations of the disease,
despite the presence of risk factors for EOS.13 In the neonatal
unit of the present study, the overall prevalence of EOS in NB
� 35 weeks evaluated in another evaluation was also low - a
rate of 4/1000 living births and that of proven EOS was 0.3/
1000 live births,14 as in a more recent North American study.3

In this study, even though a third of the pregnant women
were colonized by S. agalactiae, the majority received ade-
quate prophylactic antibiotics, which leads us to deduce that
the low incidence of proven EOS, as well as the absence of
Streptococcal EOS in this study, are linked to adequate pro-
phylaxis. This effect on EOS reduction was already described
in the literature.15

As the authors have shown, despite all the evaluated new-
borns having at least one risk factor of EOS, which differs from
the study by Escobar et al., most of them remained asymptom-
atic and healthy during the 48 h of observation in rooming-in.
This shows that a more aggressive approach to these newborns,
collecting laboratory tests and even initiating antimicrobial
therapy, is unnecessary. Regardless of the risk factor, clinical
manifestation has been unanimously considered the main

diagnostic criterion for the disease.16 Other studies have also
shown that EOS in asymptomatic children is uncommon.17,18

In the same period of this evaluation, another study per-
formed in the same neonatal unit showed that 71.7% of EOS epi-
sodes had clinical signs of disease at birth and 100% of patients
were symptomatic within the first 48 h of life.14 The impor-
tance of clinical monitoring for at least 48 h is based on previ-
ous studies, which indicate that 80 to 100% of newborns with
culture-proven sepsis developed symptoms within the first 48 h
of life.19,20 Wortham et al. demonstrated that 87% of patients
with EOS present symptoms within the first 6 h of life.18 Thus,
Otollini et al. and Cantoni et al. did not find any case of early
EOS in asymptomatic newborns at risk for the disease, after
extensive investigation running laboratory tests.19,21

It is known that the assessment of WBC and serum CRP lev-
els has a low positive predictive value and should not be con-
sidered alone in the assessment of EOS, especially in
asymptomatic newborns.22 Even though screening laboratory
tests are commonly requested in Brazil and worldwide, the
study’s judicious indication of the collection of such tests is
noteworthy as only 3.5% of the cohort underwent WBC and
CRP. The usefulness of WBC changes in asymptomatic new-
borns with a GA �35 weeks considered at risk of EOS was eval-
uated by Ottolini et al., who showed that the indications for
test collections based only on the presence of risk factors are
not advised, which may cause harm to the patient.19 It is
important to note that the 2018 AAP guideline no longer indi-
cates the collection of blood counts and CRP in asymptomatic
infants at risk, as was the case in previous guidelines.7,9

In the same way that the request for laboratory tests
must be judicious, antimicrobials in cases without any clini-
cal symptoms must also be prescribed cautiously according
to the evaluation of the culture results and the clinical evo-
lution of the patients. For decades, the harm associated
with the non-rational use of antimicrobials remained
unknown or even ignored by the neonatal health team argu-
ing that the treatment would reduce the number of deaths
from infection. However, it is known that the inadvertent
use of antimicrobials is associated with a cumulative risk to
patients and even a greater chance of death.23

In addition to the deleterious effects on patients under-
going inadvertent treatment, the empirical use of antimicro-
bials based on risk factors also has economic and social
impacts.2 In most neonatal care settings, there is a mother-
infant separation for exam sampling and treatment, impli-
cating breastfeeding practices and bonding.24

The indiscriminate hospitalization of all patients based
only on risk stratification would lead to an overload of the
occupancy rate of the neonatal unit, estimated at a 30%
increase. This would incur extra costs to the Brazilian Minis-
try of Health of R$680,000/day for the payment of hospital
costs and would result in a total expense of R$2,040,000 in
the period evaluated (2016 to 2019). In the US, Mukhopad-
hyay et al., described the costs of the protocol based on the
risk categories suggested by the CDC and estimated the cost
of this procedure at $110,000 to $150,000 per 1000 living
births.25 A Brazilian study performed a cost analysis between
EOS assessment methods and the assessment based on clini-
cal signs proved to be economically advantageous.26

In addition to the serial clinical evaluation protocol per-
formed in this study, the AAP also recognizes the employment
of the Neonatal Early-Onset Sepsis Calculator as a possibility
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for the management of EOS. Recent studies have shown that
the use of a calculator was also able to reduce the number of
laboratory tests, as well as a reduction in the use of antibiotics
when compared to the CDC 2010 recommendation.17,27 Apply-
ing this instrument to asymptomatic infants at risk for EOS,
Eason et al. demonstrated that there was an impressive reduc-
tion in antibiotic use (63 vs. 3%).27

It is important to highlight that, according to more recent
publications on more conservative management of patients
at risk for EOS, the New Zealand consensus guidelines for
the management and prevention of EOS have recommended
only careful serial observation in infants at risk for sepsis
since 2004. The same guideline suggests that laboratory
investigations and immediate initiation of treatment are
only necessary if the newborn presents clinical signs of sep-
sis.28 This protocol also applies to asymptomatic infants who
were born to mothers with chorioamnionitis, differently
from what is recommended by the AAP.7

In the current study, none of the nine infants exposed to
clinical chorioamnionitis developed signs of early sepsis.
However, this number corresponded to only 1.2% of the sam-
ple. Funisitis, despite representing a more accurate diagno-
sis of chorioamnionitis, is a late diagnostic method and is
not readily available when managing the infant.29

This research has some limitations due to its retrospec-
tive nature, and the authors were not able to carry out a fol-
low-up and evaluation of outcomes and/or complications
after hospital discharge. However, there was no record of
readmission for sepsis in the period.

In conclusion, the management proved to be safe, with
no deaths, and most of the infants at risk of EOS were dis-
charged and went home 48 h after clinical observation. Fur-
thermore, the authors found a low rate of clinical or proven
EOS, and most newborns who presented any clinical symp-
toms during the observation period required only a rigorous
clinical evaluation to rule out sepsis.

Despite well-established protocols and recommendations
by the AAP and CDC, the consensual management of patients
at risk factors for this disease is still a challenge in Brazil and
in several countries. Conservative treatment proved to be
advantageous and could serve as an example for other neo-
natal units in Brazil. This study demonstrated that these
newborns at risk of early sepsis (EOS) can be managed safely
and effectively managed through a serial and rigorous clini-
cal evaluation, carried out by a properly trained health
team. This has the effect of not overloading the health sys-
tem or relying on high technology for its effectiveness. In
addition, such management is in line with government public
policies in promoting maternal and child health.
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Sanit�aria. Crit�erios Diagn�osticos de Infecç~ao Relacionada �a
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