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Purpose: This study aimed to find the incidence rate and associated factors of EOS in neonates with 35 weeks of gestational age or
more at Panyananthaphikkhu Chonprathan Medical Center (PCMC) in order to develop effective prevention and treatment strategies to
reduce neonatal mortality.

Methods: A cross-sectional study was done in a single-center neonatal intensive care unit at PCMC. Data were collected from
October 2016 to September 2021 from all neonates with 35 weeks of gestational age or more with EOS and randomly collected from
neonates with 35 weeks of gestational age or more without EOS. The associated factors of EOS were shown as an odds ratio by
multivariate analysis of binary logistic regression.

Results: In this study, 595 neonates were enrolled and divided into 2 groups — EOS group (193 neonates) and non-EOS group (402
neonates). The incidence rate of EOS was 21.23/1000 live births, comprising 2 culture-positive EOS neonates (0.22/1000 live births)
and 191 culture-negative EOS neonates (21/1000 live births). The common clinical manifestations in the EOS group were respiratory
distress (157 neonates, 81%), temperature instability (43 neonates, 22.3%) and poor feeding (39 neonates, 20.2%). Statistically
significant relationship (p-value < 0.05) was found in prolonged rupture of membrane (OR 11.7, 95% CI: 2.54-53.88), low birth
weight (OR 2.3, 95% CI: 1.25-4.4) and normal Apgar score at 5 minutes after birth (OR 0.5, 95% CI: 0.31-0.71).

Conclusion: Our study shows that the incidence rate of culture positive EOS in late preterm and term is very low. EOS was
significantly associated with prolonged rupture of membrane and low birth weight whereas lower rate of EOS was significantly
associated with normal Apgar score at 5 minutes after birth. Efforts to recognize these factors early and effectively resuscitate neonates
may reduce and prevent neonatal morbidity and mortality.
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Introduction

Neonatal early onset sepsis (EOS) is an important cause of neonatal morbidity and mortality. EOS is defined as blood or
cerebrospinal fluid (CSF) bacterial infection of the newborn within 72 hours after birth." Incident rates of EOS in many
developed countries have declined after implementing maternal antenatal screening and GBS intrapartum antibiotic
prophylaxis.” However, in most developing countries, these screening and antibiotic prophylaxis are not widely implemented.
Therefore, the incidence rates of EOS are varied across developing countries. The incidence rate of EOS in late preterm and
term neonates in developing countries is about 0.2—0.3/1000 live births which is lower than that of very preterm and moderate
preterm neonates, but there are potential risks of subsequent serious sequelae and mortality.”*

The diagnosis of EOS remains a challenge due to unspecific clinical signs and low specificity of laboratory tests.’
Until 2019, AAP launched the clinical report of management of infants at risk for Group B Streptococcal Disease with
three approaches for EOS risk assessment among infants born >35 weeks’ gestation: (1) Categorical risk assessment
recommends full septic work up for all infants with maternal fever which could lead to unnecessary investigations and
antibiotics exposure in well-appearing infants, (2) Enhance observation recommends treatment only infants who have
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clinical illness and performing serial physical examinations for well-appearing infants with maternal risk factors for EOS
which reduces antibiotic use but some infants with proven sepsis could be missed, and (3) Neonatal Early Onset Sepsis
Calculator (EOSC) recommends management following three levels of risk based on the incidence of EOS, gestational
age, highest maternal antepartum temperature, duration of ROM, maternal GBS status, type of intrapartum antibiotic
prophylaxis plus neonatal clinical status at birth. In particular, EOSC recommends (a) routine neonatal care, (b) obtaining
a blood culture and monitoring vital signs for at least 24 hours, and (c) start treatment with empirical antibiotic therapy
after obtaining a blood culture.”

In our view, EOSC provides a clear definition of clinical illnesses, a decrease in NICU admissions, less unnecessary
investigation and antibiotic use, as well as improved mother-child bonding.” '® In addition, Thailand still does not have
any standard EOS guidelines until now. We are interested in applying EOSC to Panyananthaphikkhu Chonprathan
Medical Center (PCMC)’s EOS management. However, there are no data regarding the incidence rate of EOS in
late preterm and term neonates in Thailand. Therefore, the objective of this study is to find the incidence rate of EOS
in late preterm and term neonates at PCMC. In addition, this study also investigates the associated factors of EOS in late
preterm and term neonates at PCMC in order to develop effective treatment strategies to reduce neonatal mortality.

Materials and Methods
Study Design and Data Collection

This is a cross-sectional study with retrospective data collection. The Committee on Human Rights related to research
involving subjects at PCMC, Srinakharinwirot University approved this study. We conducted the study following the
Declaration of Helsinki. We did not require the patient’s informed consent as the data were anonymized. To ensure the
confidentiality of the data from the participants’ records, we did not record any personal identifiers on the data collection
sheet, and the data from participant records were not available to anyone except the researchers.

We included all neonates with 35 weeks of gestational age or more diagnosed with EOS in a five-year period from
October 2016 to September 2021 at PCMC, which is a tertiary care hospital and excellent center for neonates in urban
area. We searched ICD-10 diagnosis P36.0-P36.9 (sepsis of newborn due to bacterial infection), reviewed all medical
charts and collected data of culture-positive/culture-negative EOS neonates (case group). We also searched ICD-10
diagnosis z38.0, z38.1, z38.3, z38.4, z38.6, z38.7, z38.8 (singleton or twin or multiple, born in hospital or out hospital or
unspecified as to place of birth), randomly reviewed some medical charts and collected data of non-sepsis neonates
(control group). Then, we obtained data from medical charts such as gestational age, birth weight, small for gestational
age (SGA), sex, Apgar score, maternal age, delivery type, maternal risk factors of EOS (maternal prolonged rupture of
membrane, maternal chorioamnionitis, previous infant with invasive GBS disease, late preterm between 35%7 to 36°7
weeks’ gestation with true labor pain and/or ROM regardless of rupture duration, and term with ROM > 18 hours),
presence of antepartum antibiotic administration, neonatal signs and symptoms of clinical illness. We also obtained
neonatal laboratory results and laboratory data for all participants throughout pregnancy such as GBS bacteriuria during
any trimester of the current pregnancy and maternal positive for GBS culture during current pregnancy.

Definition
EOS group includes culture-positive and culture-negative EOS neonates. Culture-positive EOS neonate is a neonate who
has clinical signs and symptoms consistent with sepsis and positive blood culture in the first 72 hours of life.'""'* Culture-
negative EOS neonate is a neonate who has clinical sepsis and receives antibiotics at least 5 days with negative blood
culture.'""?

Non-EOS group includes neonates who do not have clinical sepsis and do not receive antibiotics or neonates who
receives antibiotics less than 5 days with negative blood culture.

Small for gestational age (SGA) is defined as a birth weight of less than 10th percentile for gestational age.

Prolonged rupture of membrane is a rupture or leak of fetal membranes (amniotic sac) lasting longer than 18 hours

prior to delivery.
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Chorioamnionitis is an acute inflammation of the membranes and chorion of the placenta. The key clinical findings
associated with clinical chorioamnionitis include fever, uterine fundal tenderness, maternal tachycardia (>100/min), fetal
tachycardia (>160/min) and purulent or foul amniotic fluid.

Normal Apgar score is a score of 7 to 10 which indicates that the neonate does not need resuscitation or intervention.

Sample Size

A two population proportion formula was used to estimate the adequate sample size for the study by considering
the proportion of low birth weight among the controls of 11.8% which was estimated from a previous study,'’
95% confidence interval and 80% power of the study case-to-control ratio of 1:2 to detect an estimated odds ratio
of 2.2. The required sample size was 570 neonates after considering a 10% non-response rate (190 cases and 380
controls).

Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics for Windows ver. 18 (IBM Corp., Armonk, NY,
USA). The Mann—Whitney U-test was used to compare differences between two independent groups when the
dependent variables were either ordinal or continuous, but not normally distributed. The Chi-square test and
Fisher exact were used to compare a group with a value or to compare two or more groups, using categorical data.
Binary logistic regression was performed to test the association between independent variables and EOS. Both the
Crude Odds Ratio (COR) and the Adjusted Odds Ratio (AOR) with a 95% confidence interval (CI) were
computed to test the strength of association. Variables with p-value <0.2 during bivariate analysis were selected
for multivariate analysis of binary logistic regression. Variables with p-value <0.05 in the multivariate analysis
were declared significantly associated with EOS.

Results

In this study, 595 neonates were enrolled and divided into 2 groups — EOS group (193 neonates) and non-EOS group
(402 neonates). The incidence rate of EOS was 21.23/1000 live births, comprising 2 culture-positive EOS neonates (0.22/
1000 live births) and 191 culture-negative EOS neonates (21/1000 live births). The ratio of culture-positive EOS to
culture-negative EOS is 1 to 95.5.

One culture-positive EOS neonate who was a 38 week-gestation male infant had E. coli ESBL septicemia. His
mother’s risk factor was unknown GBS status. At birth, he was presented with tachypnea (respiratory rate 80/
min). At 50 hours after birth, he developed feeding intolerance, temperature instability and poor perfusion. He
also received meropenem for 14 days and was discharged. Another culture-positive EOS neonate who was a 39
week-gestation female had Staphylococcal hemolyticus septicemia. Her mother’s risk factor was unknown GBS
status. At 36 hours after birth, she had pus and redness at umbilicus. She received vancomycin for 14 days and
could be discharged.

Table 1 displays the demographic data of enrolled mothers and neonates. The gestational age less than 37 weeks was
43 (22.3%) and 39 (9.7%) among neonates with and without EOS, respectively. The low birth weight of the EOS group
was 35 neonates (18.1%) compared to 25 neonates (6.2%) in the non-EOS group. Small for gestational age were 12
(6.2%) and 16 (4%) among neonates with and without EOS, respectively. There were 7 neonates (3.6%) in the EOS
group and none in the non-EOS group with Apgar score at 5 minutes after birth <7.

Table 2 shows the associated factors of EOS. Chorioamnionitis, preterm premature rupture of membrane or preterm
labor pain and prolonged rupture of membrane were significantly higher in the EOS group than those in the non-EOS
group. The most common associated factor of EOS was preterm premature rupture of membrane or preterm labor pain
observing at 31 mothers (16.1%). Almost all mothers had unknown maternal GBS status of current pregnancy. In
addition, GBS bacteriuria during any trimester of the current pregnancy and previous infant with invasive GBS disease
were not detected in our study.
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Table | Demographic Data of Enrolled Mothers and Neonates (n=595)

Characteristics EOS Group Non-EOS Group
(n=193) (n=402)
n (%) n (%)
Maternal age (years)
<18 6 (3.1) 12 (3)
18-34 150 (77.7) 302 (75.1)
3544 37 (19.2) 88 (21.9)
Gestational age (weeks)
35°736°7 43 (22.3) 39 (9.7)
> 37 150 (77.7) 363 (90.3)
Birth weight (gram)
1501-2499 35 (18.1) 25 (6.2)
= 2500 158 (81.9) 377 (93.8)
SGA 12 (6.2) 16 (4)
Male 107 (55.4) 238 (59.2)
Apgar score 5-min
<7 7 (3.6) 0 (0)
27 186 (96.4) 402 (100)
Multiple gestation 6 (3.1) 0 (0)
Mode of delivery
Vaginal delivery 85 (44) 136 (33.8)
Cesareans section 108 (56) 266 (66.2)

Abbreviations: SGA, small for gestational age; Apgar score 5-min, Apgar score at 5 minutes after
birth.

Table 2 Associated Factors of EOS (n=595)

Associated Factors EOS Group (n=193) | Non-EOS Group (n=402)
n (%) n (%)

Chorioamnionitis 4 (2.1) 1 (0.2)
PPROM/Preterm labor pain 31 (16.1) 30 (7.5)
Prolonged ROM 16 (8.3) 2 (0.5)
Maternal GBS status

Unknown 187 (96.9) 402 (100)

Negative 6 (3.1) -

Positive - -

Abbreviations: PPROM, preterm premature rupture of membrane; ROM, rupture of membrane; GBS,
Group B Streptococcus.

Table 3 displays clinical manifestations. The common clinical manifestations of the EOS group were respiratory
distress (157 neonates, 81.3%), temperature instability (43 neonates, 22.3%) and poor feeding (39 neonates, 20.2%). For
the EOS group, 108 neonates had symptoms at birth and 85 neonates developed symptoms later. The average duration to
develop symptoms was 4.7 hours. In addition, approximately 99.5% of neonates in the EOS group were diagnosed less
than 48 hours after birth.

Table 4 shows the bivariate and multivariate analysis of binary logistic regression of factors associated with EOS. The
normal Apgar score at 5 minutes after birth, vaginal delivery, chorioamnionitis, PPROM/preterm labor pain, prolonged ROM,
gestational age 35°7-36%7 weeks and low birth weight passed the variable screening criteria (p-value < 0.2) and were entered
into the multivariate analysis of binary logistic regression. We found that neonates of mothers with prolonged rupture of
membrane (OR 11.7, 95% CI: 2.54-53.88) and neonates with low birth weight (OR 2.3, 95% CI: 1.25—4.4) were significantly
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Table 3 Clinical Manifestations (n=595)

Clinical Symptom EOS Group Non-EOS Group
(n=193) (n=402)
n (%) n (%)
Welling appearing 0 (0) 225 (56)
lliness
Respiratory distress 157 (81.3) 161 (40)
Hypotension/shock 18 (9.3) 9(22)
Lethargy 3 (1.6) 0 (0)
Tachycardia 4 (2.1) 1(0.2)
Temperature instability 43 (22.3) 9(22)
Poor feeding 39 (20.2) 0 (0)
Apnea 4 (2.1) 0 (0)
Seizure I (0.5) 0 (0)
Hypoglycemia 19 (9.8) 40 (10)

Table 4 Bivariate and Multivariate Analysis of Binary Logistic Regression of Factors Associated with EOS

Variables Bivariate Analysis Multivariate Analysis
Crude OR (95% CI) p-value | Adjusted OR (95% CI) p-value

Maternal age < |8 years 1 (0.95, 1.01) 0.209

SGA 1.6 (0.74, 3.45) 0.238

Male 1.2 (0.82, 1.65) 0.385

Normal Apgar score 5-min 0.4 (0.27, 0.62) <0.001 0.5 (0.31, 0.71) <0.001*

Vaginal delivery 1.5 (1.08, 2.19) 0.016 1.2 (0.84, 1.79) 0.301

Chorioamnionitis 8.5 (0.94, 76.44) 0.057 3.1 (0.25, 39.3) 0.375

PPROM/Preterm labor pain 2.4 (1.39, 4.05) 0.002 0.7 (0.25, 1.76) 0.412

Prolonged ROM 18.1 (4.11, 79.47) <0.001 11.7 (2.54, 53.88) 0.002%*

Gestational age 35%7-36%7 weeks 2.7 (1.66, 4.28) <0.001 2 (0.85, 4.7) 0.11

Birth weight range 15012499 gram 3.3 (1.93, 5.77) <0.001 2.3 (1.25, 4.4) 0.008*

Note: *Statistically significant at p-value < 0.05.
Abbreviations: SGA, small for gestational age; Normal Apgar score 5-min, Apgar score at 5 minutes after birth 2 7; PPROM, preterm
premature rupture of membrane; ROM, rupture of membrane; OR, odds ratio; Cl, confidence interval.

associated with EOS whereas neonates with normal Apgar score at 5 minutes after birth (OR 0.5, 95% CI: 0.31-0.71) were
significantly associated with a lower rate of EOS under multivariate analysis of binary logistic regression (p-value < 0.05).

Discussion
Our study shows that the incidence rate of EOS in neonates with 35 weeks of gestational age or more is 21.23/1000 live
births, comprising 2 culture-positive EOS neonates (0.22/1000 live births) and 191 culture-negative EOS neonates (21/1000
live births). This finding of EOS incidence proven by positive blood cultures is similar to the studies from Brazil and Italy
which showed the EOS incidence of 0.2-0.3/1000 live births.>* However, our EOS incidence is less than the study in
Sweden (0.9/1000 live births), United Kingdom (0.7/1000 live births) and USA (0.77-1.08/1000 live births).'*'® These
differences can be explained by the inclusion of infants born at term or late preterm in our study, whereas other analyses
described the global incidence rate of EOS without distinction between gestational ages. In particular, preterm neonates
have deficient and immature immunological systems. Therefore, they are more susceptible to infection.

We find a ratio of culture-positive EOS to culture-negative EOS at about 1:95.5, which is less than many studies from
Norway, Canada and Switzerland (1:6-1:16)."" 2! The lower rate of culture-positive EOS to culture-negative EOS in our
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study might be attributed to low level of bacteremia or small volumes of blood obtained from sick neonates, intrapartum
antibiotic prophylaxis and over-diagnosis of sepsis among non-infected neonates.

The common clinical manifestations of EOS in our study are respiratory distress, temperature instability and poor
feeding. These features are similar to the findings in the previous studies.”? 2* We also find that 99.5% of neonates in the
EOS group are diagnosed within 48 hours after birth. This finding is similar to the study of Nanduri.? Some clinical
manifestations are unspecific and found in both EOS group and non-EOS group because there is a dynamic adaptation of
many organ systems to extra-uterine life. Therefore, the decision to start treatment should rely on the evaluation of
neonatal risk factors and development of symptoms.

Many studies found the risk factors associated with EOS in preterm and term infants were (1) intrauterine
inflammation or infection of both or Triple I, (2) current GBS bacteriuria, (3) previous infant with invasive GBS disease,
(4) positive maternal GBS status of current pregnancy, (5) preterm labor pain, (6) premature rupture of membranes and
(7) prolonged rupture of membranes (>18 hours).>> >’ Our study finds that neonates of mothers with prolonged rupture of
membrane and neonates with low birth weight were significantly associated with EOS whereas neonates with normal
Apgar score at 5 minutes after birth were significantly associated with lower rate of EOS.

In our study, the significant associated factor is prolonged rupture of membrane (OR 11.7, 95% CI: 2.54-53.88). The
studies conducted in Mwananyamala-Tanzania, Mashhad-Iran and Bangladesh had similar findings.”®*>' Prolonged
rupture of membrane increases the risk of ascending bacterial infection from genital tract, resulting in infectious
morbidities, fetal inflammation and neonatal sepsis.>?

Our study also finds the significant relationship between low birth weight and EOS. The odds of developing EOS
among neonates who have low birth weight are 2.3 times higher as compared to neonates with normal birth weight. This
finding is consistent with Shitaye’s study and Khatua’s study.”*~* This may be because neonates who have low birth
weight are mostly premature. The prematurity has immature immune system which is one of the leading causes of
increased susceptibility to infections.*

This study reports that the normal Apgar score at 5 minutes after birth is associated with a lower rate of EOS. Similar
observation was also shown in the studies investigated in Ghana and Nigeria.>*>” The normal Apgar score at 5 minutes
after birth indicates that the neonates do not need resuscitation or invasive procedure such as suctioning, endotracheal
intubations and umbilical venous catheter insertion. Therefore, they have low probability of developing neonatal bacterial
sepsis. In addition, poor adherence to neonatal resuscitation guidelines by medical personnel as well as non-sterile
procedure and equipment can increase the risk of developing neonatal bacterial sepsis. Moreover, neonates with low
Apgar score impair the immune response and are more vulnerable to infection.

The strength of our study is the 5-year study period and its ability to identify the incidence rate and associated factor
of EOS in a tertiary hospital in Thailand. The result might be a useful information for applying our local incidence rate in
EOSC and developing effective prevention strategies to reduce EOS. However, our study has some limitations. In
particular, the definition of culture-negative EOS is no uniform consensus. Therefore, the diagnosis of culture-negative
EOS is varied, depending on the judgment of the attending staffs. This may lead to overdiagnosis. Next, most maternal
GBS statuses of current pregnancy in our study are unknown because GBS screening is not yet widely implemented in
Thailand. The other limitation is that our study investigates only one hospital, and the results may not be generalizable to
other institutions. We think it would be important for future studies to investigate more hospitals so that the results would
be more generalizable and reliable. Another important area would be using culture-positive EOS, which is a gold
standard of diagnosis of EOS, to diagnose EOS in order to accurately determine the incidence rate and associated factors
of EOS.

Conclusion

Our study shows that the incidence rate of culture positive EOS in late preterm and term is very low and similar to the
data from developed countries. EOS was significantly associated with prolonged rupture of membrane and low birth
weight whereas lower rate of EOS was significantly associated with normal Apgar score at 5 minutes after birth. Efforts
to recognize these factors early and effectively resuscitate neonates may reduce and prevent neonatal morbidity and
mortality.
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