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Abstract

Objective: The aim of the study was to identify the risk factors
and bacterial microorganisms causing early-onset sepsis in
preterm newborn infants.

Methods: The open-label study was prospectively conducted from
January to December 2015 in the University Clinical Center,
Institute for Children’s Diseases, Center of Neonatology Podgorica,
Montenegro.

Results: Out of 653 infants admitted (427 full-term, 226 preterm) the
study included 71 infants diagnosed with sepsis (full-term infants with
sepsis — 32 cases [7.5%] and preterm newborns with sepsis — 39 cases
[17.3%]). Blood culture was positive in 44 newborns with sepsis (20
full-term, 24 preterm). Out of 24 preterm infants, early-onset sepsis
was proven in 8 (dominant pathogen E. co/i), and late-onset sepsis in
16 patients (dominant pathogens Klebsiella pneumoniae and
Staphylococcus CoN). Premature birth and low birth weight were iden-
tified among the most common neonatal sepsis risk factors. Maternal
preeclampsia, premature rupture of membrane and perinatal asphyxia
were also identified as significant risk factors for early-onset neonatal
sepsis in the preterm newborn infants.

Conclusion: Our data suggest that premature birth and low birth
weight are the most common sepsis risk factors together with mater-
nal preeclampsia, premature rupture of membrane and perinatal

asphyxia.

Keywords: Neonatal sepsis, preterm newborn, early-onset sepsis,
late onset sepsis, risk factors.

Introduction

Infections are an important cause of morbidity and
mortality in the neonatal period, particularly in
preterm and very low birth weight infants."” Maternal,
environmental, and host factors determine which

Ozet: Preterm bebeklerde erken baslangich sepsis
ve risk faktorleri

Amag: Calismanimn amaci, preterm yenidogan bebeklerde erken
baslangich sepsise yol agan risk faktérlerini ve bakteriyel mikro-
organizmalar tespit etmekti.

Yontem: Agik uclu galisma, Ocak-Aralik 2015 tarihleri arasinda
Podgorica, Karadag’daki Universite Klinik Merkezi, Cocuk Has-
taliklar1 Enstitiisii, Neonatoloji Merkezi’nde prospektif olarak yii-
riitiild.

Bulgular: Calismaya bagvuran 653 bebekten (427 miad, 226 pre-
term), sepsis tamust almig 71 bebek (32 sepsisli miad yenidogan
[%7.5] ve 39 sepsisli preterm yenidogan [%17.3]) calismaya dahil
edildi. Sepsisli 44 yenidoganda kan kiiltiirii sonucu pozitifti (20 mi-
ad, 24 preterm). Yirmi dort preterm bebekten, erken baslangich
sepsis 8 olguda (dominant patojen E. cofi) ve gec baglangich sepsis
16 olguda (dominant patojenler Klebsiella pneumoniae ve Staphylococ-
cus CoN) tespit edildi. Prematiire dogum ve diisiik dogum agirhg,
neonatal sepsis icin en yaygin risk faktorleri olarak belirlendi. Ma-
ternal preeklampsi, erken membran riiptiirii ve perinatal asfiksi de,
preterm yenidogan bebeklerde erken baglangicli neonatal sepsis
icin 6nemli risk faktorleri olarak belirlendi.

Sonug: Verilerimiz, prematiire dogum ve diisiik dogum agirhigi-
nin, maternal preeklampsi, erken membran riiptiirii ve perinatal
asfiksi ile birlikte sepsis icin en yaygin risk faktorleri oldugunu
gostermektedir.

Anahtar sozciikler: Neonatal sepsis, preterm yenidogan, erken bag-
langich sepsis, gec baslangiclt sepsis, risk faktorleri.

infant exposed to a potentially pathogenic organism
will develop serious or other potentially invasive infec-
tions.”" Neonatal sepsis is defined as a clinical syn-
drome in an infant 28 days of life or younger, manifest-
ed by systemic signs of infection and isolation of a bac-
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terial pathogen from blood. We classify it as early-
onset sepsis (EOS) and late-onset sepsis (LOS)
depending on the time of onset. EOS is defined as the
onset of sepsis in the first 3 days and occurs mostly by
infections acquired from mother before or during
delivery, while the postnatal environment (community
or hospital) plays a direct role in the development of
LOS.”" Early diagnosis of neonatal sepsis is challeng-
ing because clinical characteristics are non-specific and
difficult to differentiate from those of non-infectious
etiologies (Table 1). The clinical signs at the onset of
sepsis are discrete, nonspecific and can be associated
with other neonatal diseases, from mild benign disor-
ders to serious conditions such as: respiratory distress
syndrome (RDS), metabolic disorders, intracranial
hemorrhage, congenital heart diseases, and a traumat-
ic delivery, making the diagnosis based on physical
examination alone difficult.”” Most early-onset bacte-
rial infections are non-focal except in the circumstance
of respiratory distress at or shortly after birth, in which
the chest radiograph reveals pneumonia. Focal infec-
tions are frequent with late-onset neonatal sepsis and
include otitis media, pneumonia, soft tissue infections,
urinary tract infections, septic arthritis, osteomyelitis,
and peritonitis. Few infants have overt meningeal
signs, and a high index of suspicion and examination of
the cerebrospinal fluid are required for early diagno-

. 3,6,8,9
sis.BH*”

The aim of this study was to identify the risk factors
and bacterial microorganisms causing early-onset sepsis
in preterm newborn infants.

Methods

The open-label study was prospectively conducted
from January to December 2015 in the University
Clinical Center, Institute for Children’s Diseases,
Center of Neonatology Podgorica, Montenegro.
During the study period, all admitted infants with clin-
ical signs and symptoms of sepsis at the time of admis-
sion, or who developed sepsis during their hospitaliza-
tion were assessed with sepsis screening tool and
enrolled in the study. Enrolled patients were divided
into two groups: full term newborn infants (FTT) with
proven sepsis and preterm infants (PTT) with neonatal
sepsis. Preterm newborns were divided into five sub-
groups according to WHO criteria: BW 500-999 g
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Table 1. Clinical manifestation of neonatal sepsis.

Clinical manifestation

* Apnea

e Respiratory distress

o Fever

* Hypoxia

¢ Poor feeding

e Lethargy

o |rritability

e Hypothermia

e Change in level of activity
* Hypotension

e Vomiting

e Diarrhea

¢ Jaundice

e Meconium-stained liquor
e Convulsions

e Cyanosis

(extremely low birth weight), BW 1000-1499 g (very
low birth weight), BW 1500-1999 g, BW 2000-2499 ¢
and BW >2500 g. Study was approved by Ethics
Committee of Clinical Center of Montenegro.

The diagnosis of sepsis was made with sepsis
screening criteria. Data on the characteristics of new-
borns, risk factors for the onset of sepsis and their
causative agents were collected on a daily basis by qual-
ified medical staff. All data were entered into a survey
questionnaire containing the following sections: basic
demographic data, data on risk factors (perinatal histo-
ry, gestational age, birth weight, mode of delivery, pre-
mature rupture of membrane (PROM), maternal fever,
preeclampsia, invasive diagnostic and therapeutic pro-
cedures), information on the causes of neonatal sepsis
and clinical manifestation of severe neonatal infections,
and the results of hematological, biochemical, bacteri-
ological and other tests (Table 2).

Blood samples were collected from the neonates
with suspected sepsis for C-reactive protein (CRP),
complete blood count (CBC), and blood cultures.
Blood was collected from a peripheral vein.
Approximately 1 mL of blood was inoculated directly
into blood culture medium vials and sent to clinical
microbiology laboratory for cultivation and subsequent
processing.
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Statistical analysis

Descriptive statistics was used to describe parameters:
frequencies, percentages, mean, median, standard devi-
ation (SD), and range (range). A value of a=0.05 was
adopted for the level of statistical significance. To test
for differences between target groups following tests
were used: Pearson’s y’ test; Spearman’s rank correla-
tion, one-factor ANOVA for proportions, and two-fac-
tor ANOVA for proportions. Statistical Package for
the Social Science (SPSS) version 23.0 IBM, Armonk,
NY, USA) was used for the statistical analysis.

Results

A total of 653 neonates were admitted at Center of
Neonatology during study period. Out of this number
427 were FTI, and 226 were PTIL During the study
period, 71 newborn infants were diagnosed with sepsis
(32 FTI [7.5%]; 39 PTI [17.1%]). The incidence of
sepsis was significantly higher in PTI (p<0.001) com-
pared to FTT. The mean birth weight of PTT was sta-
tistically significant lower compared to FTT (p<0.001)
(Table 3).

In the group of PTI, about 20% were infants with
very low birth weight. Extremely low birth weight was
detected in 6.6% PTL. The sepsis incidence in PTT was
highest in extremely low birth weight group (33.3%)
(Table 4).

Among the enrolled neonates, according to infant
age at the onset of symptoms, sepsis was recognized as
EOS in 27 cases and as LOS in 44. In PTT EOS was
diagnosed in 12, while LOS was diagnosed in 27
patients (Table 5). The sepsis was proven in 44 cases
by positive blood culture. In PTT, the onset of sepsis
was usually after 4 days or more, while in FTT usually
within 3 days (statistically significant difference in the
time of onset p=0.379) (Table 5).

In PTT predominantly isolated pathogen in EOS
was E. coli, while in LOS most frequently isolated were
Klebsiella pneumoniae and Staphylococcus CoN (Table 6).

In 6.3% of mothers of FTT and as many as 46.2%
of mothers of PTT, the time from rupture of the mem-
branes to delivery was longer than 18 hours, which is a
pathological finding. There was a statistically signifi-
cant difference in the frequency of water rupture time
between the studied groups (p<0.001).

Table 2. Collected variables.

N EYEIRVETET S Postnatal variables

Delivery mode (vaginal, Date of birth
caesarian section)
Single or multiple births Birth weight

Pregnancy-induced hypertension
and other mother illnesses

Apgar score

Preterm premature rupture of Gestational age
membranes (i.e. 218 h before

delivery)

Temperature prior to and Full term infant

during delivery Preterm infant
BW 500-999 g
BW 1000-1499 g
BW 1500-1999 g

BW 2000-2499 g

Date of patient admission

Onset of illness (EOS, LOS)
Temperature at onset of infection
Clinical manifestation

Resuscitation measures
Mechanical ventilation

Laboratory results (i.e., white
blood cell count, CRP, platelet
count, acid-base balance,
glycaemia, bilirubin, urine)

Diagnosis of sepsis (causative
pathogen):

Gram positive

Gram negative

Fungi

BW: birthweight; EOS: early onset sepsis; LOS: late onseti sepsis.

Table 3. Birth weight of infants with diagnosed sepsis.

Birth weight (g) n x SD Med Min Max

Preterm infants 39 19346 6345 18700 720.0 3770.0
Full term infants 32 34869 621.5 34750 2050.0 4770.0
Total 71 26342 9973 2590.0 720.0 4770.0

Table 4. Birth weight of preterm infants (PTI) with diagnosed sepsis.

No of No of PTI  Incidence of sepsis
Birth weight (g) PTI % with sepsis (100 newborn)
500-999 15 6.6 5 333
1000-1499 29 1.8 6 20.7
1500-1999 72 31.8 14 194
2000-2499 64 27.8 8 12.5
>2500 48 20.7 6 125
Total 228 100 39 171
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Table 5. Infants with diagnosed sepsis.

Preterm infants

Full term infants

Blood culture results EOS <72h LOS >72h n (%)

Proven sepsis 8 16 24 (62)
Possible sepsis 4 11 15 (38)
Total, n (%) 12 (31) 27 (69) 39 (100)

EOS <72h LOS >72h n (%) Total (%)
9 11 20 (63) 44
6 12 (37) 27

15 (47) 17(53) 32 (100) 71 (100)

EOS: early onset sepsis; LOS: late onseti sepsis.

Pre-pregnancy and during pregnancy maternal dis-
ease was not significantly different (p=0.133). A statis-
tically significant difference was found with respect to
the presence of pre-eclampsia, with a significantly
higher prevalence in mothers of PTT diagnosed with
sepsis (p=0.035).

Differences in the clinical manifestations of sepsis
in PTT and FTT were analyzed. PTT were more likely
to have symptoms and signs of a respiratory system
(p=0.009), primarily in the form of cyanosis (p=0.003)
and tendencies of apnea (p<0.001), whereas changes in
skin and navel (p=0.037, ie p=0.015) were significantly
more frequent in FTT, as well as signs of CNS involve-
ment (p=0.018).

Laboratory indicators of sepsis in both groups of
infants were analyzed in detail and no statistically sig-
nificant differences were observed in most parameters.
The most common pathological findings in the PTI
were leukopenia (56.4%), hypoxemia (51.3%) and
thrombocytopenia in 46.2% of infants. Hypoxemia
(37.5%) and thrombocytopenia (34.4%) were domi-

Table 6. Isolated pathogens according to onset of sepsis and birth weight.

nant in the FTIL There was a significantly higher
prevalence of hypoxemia in the PTI (p=0.003). PTI
most often had an Apgar score of 4-7 (43.6%), where-
as term infants most often had an 8-10 (65.6%). There
was a significant difference in the degree of Apgar
score between the study groups (p=0.035). PTT and
FTT most often had high and very high CRP at admis-
sion (79.5% vs. 68.8%, respectively). There was no sta-
tistically significant difference in the degree of CRP
between the study groups (p=0.439).

Both PTT and FTT were mostly cured. There was
no statistically significant difference in the frequency

of outcomes between the study groups (p=0.243)
(Table 7).

When analyzing duration of hospitalization (Table
8), it was observed that PTT spent on average 33.5 days
in the hospital (range: 0.0-111.0), while in FTT the hos-
pitalization was on average significantly shorter with
12.5 days (range: 0.0-33.0). There was a statistically sig-
nificant difference in the median number of hospitaliza-
tion days between the study groups (p<0.001).

Onset of disease

Birth weight (g) 4-28 days
500-999 E. coli 2 K. pneumoniae 1 3
1000-1499 K. pneumoniae 1 4
Staphylococcus CoN 2
Pseudomonas 1
1500-1999 E. coli 2 Serratia 1 8
Enterobacter 1
Staphylococcus CoN 3
Pseudomonas 1
2000-2499 E. coli 1 K. pneumoniae 2 5
Serratia 1 E. coli 1
=2500 Streptococcus alpha haem.GA 1 K. pneumoniae 2 4

K. pneumoniae 1

146 Perinatal Journal



Early-onset neonatal sepsis and risk factors in the preterm infants

Discussion

Despite the use of new generations of antibiotics and
supportive treatment, infections in infants due to high
morbidity and mortality remain a significant problem
especially in children of very low body weight."*"” In
highly developed countries (such as USA and Australia),
the incidence of neonatal bacterial sepsis ranges from
1.5-3.5/1000 live births for EOS to 6-9/1000 live births
for LOS. It varies between different countries and
regions: 7.1-38/1000 live births in Asia, 6.5-23/1000 in
Africa and 3.5-8.9/1000 in South America and the
Caribbean."*"™"" During year 2015, 653 infants were
admitted to Clinical Center of Montenegro — 427 FTI
(65.4%) and 226 PTI (34.7%). Out of 653 infants, sep-
sis was diagnosed in 71 cases (32 FTT [7.5%]; 39 PTI
[17.1%]) with the incidence of sepsis being significantly
higher in PTI (x’=13.544; p<0.001). These results are in
accordance with previously published studies with sepsis
incidence 3-10 times higher in PTL""" Immaturity of
the immune system, use of medical devices, invasive
diagnostic and therapeutic procedures, long hospitaliza-
tion are some of the possible causes for higher sepsis
incidence in PTL "™

The increased risk of infection correlates with body
weight. Infants with low body weight are prone to devel-
op the infection.”"” Newborns weighing less than 1500
grams are 8 times more likely to have sepsis than babies
born at term.""” In our study, we observed higher inci-
dence of sepsis in low body weight PTT as well. Similar
results were published in a multicenter study by The
Eunice Kennedy Shriver National Institute of Child
Health and Human involving 15 US university centers
analyzing the rates of EOS and LOS among nearly
400,000 live births. The overall rate of early neonatal
sepsis was 0.98/1000 live births with a frequency
inversely proportional to birth weight (401-1500 g,
10.96/1000; 1501-2500 g, 1.38/1000; >2500 g,
0.57/1000). The incidence of LOS sepsis is also
increased in low birth weight infants according to
Neonatal Research Network with 43 % in infants weigh-
ing 401-750 g, 28% in infants weighing 751-1000 g,
15% in infants weighing 1001-1250 g and 7% for
infants weighing 1251-1500 g.""'

The “gold” standard when diagnosing neonatal sep-
sis is isolation of a microorganism from blood sample.
According to available data, the rate of positive blood

Table 7. Disease outcome.

Preterm infants  Full term infants Total
Outcome n % n % n %
Cured 35 89.7 32 100 67 943
Lethal outcome 4 10.3 0 0 4 5.7
Total 39 100.0 32 100.0 71 100.0

Table 8. Duration of hospitalization in infants with diagnosed sepsis.

Duration of

hospitalization
(CEYD)

Preterm infants 39 36.6 24.7 5 0.0 111.0
Full term infants 32 14.8 9.1 12.5 0.0 33.0

culture is highly variable and is reported to be between
25-60% and rarely high up to 82%.”""" In our study
sepsis was verified in 44 infants (62%). Possible reason
for negative blood culture in remaining 27 infants might
be initial antibacterial therapy started at the home med-
ical institution, prior to admission. Among other reasons
we must mention small volume of a blood sample for
blood culture in critically ill infants with very low birth
weight, blood sampling before the onset of sepsis,
potential contamination of the blood sample and the
possibility that cause of sepsis could not be detected with
the available diagnostic methods."”

In 24 preterm infants enrolled in our study EOS was
verified in 8, and LOS in remaining 16 patients. Most
frequently isolated pathogens were K. pneumoniae
(15.4%) and E. coli (15.3%) among Gram negative bac-
teria and Szaph. CoN (12.8%) in Gram positive bacteria.
When analyzing differences in EOS and LOS etiology
there is a strong correlation between EOS and E. co/i, as
well as between LOS and Staph. CoN and K. pneumoniae.

Epidemiological studies have shown a tendency of
increase in the incidence of sepsis caused by Gram neg-
ative bacteria throughout Europe. The importance of
this finding is related to increasing antimicrobial resist-
ance of Gram negative bacteria. Enterobacteriaceae:
Enterobacter spp., Klebsiella spp., and Servatia spp. are char-
acterized with polysaccharide capsules that contribute to
their virulence by preventing opsonization, phagocytosis
and bacterial lysis. In preterm infants with already qual-
itatively and quantitatively immature immune system,
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these bacteria can cause severe neonatal sepsis with
. . 3,17
severe complications and poor outcome.™"”

Published data suggest that duration of hospitaliza-
tion is longer in PTT diagnosed with sepsis, and lethal
outcome is more frequent compared to FTT with sepsis
especially if causative agent is Gram negative bacte-
ria.”""*"¥ In our study it was observed that PTT spent on
average 33.5 days in the hospital (range: 0.0-111.0),
while duration of stay in FTT was on average significant-

ly shorter, 12.5 days (range: 0.0-33.0).

Blood count analysis showed no significant differ-
ences between PTT and FTT in our study. CRP, one of
the most intensively studied, the most widely available
and the most used laboratory test for the diagnosis of
neonatal sepsis is considered to be “specific” but “late”
marker of neonatal infection, as evidenced in our study
as well.""™ In both PTI and FTT a high level (220
mg/l, 100%, 98.6%, respectively) and very high CRP
(=100 mg/l, 79.5% and 68.8%, respectively) was meas-
ured. Clinical manifestation, which can be difficult to
differentiate from those of non-infectious etiologies, was
presented differently in PTT and FTI. In PTI apnea
and/or cyanosis, impaired spontaneous activity, hypoto-
nia and significantly frequent hypothermia were verified
while CNS symptoms as well as skin and navel related
symptoms were more frequent in FTT.

Since blood analysis can result negative when trying
to isolate bacteria with blood count and CRP showing
indefinite values and indefinite clinical presentation, we
also have to analyze risk factors when trying to set a
diagnosis of sepsis. According to the results of our study
several mother and infant related risks for neonatal sep-
sis were defined. Most significant mother related risk
factor was premature membrane rupture (longer than
18h before delivery). It occurred in 46.2% mother of
PTI, which was significantly different compared to
mother of FTI. Additionally, preeclampsia in mothers
was found to be significant contributor to higher inci-
dence of sepsis in PTI. Among infant related risk factors
perinatal asphyxia was detected to be significant risk fac-
tor especially in PTT (Apgar score <7; 0-3 20.5%, 4-7
43.6%).

Conclusion

Taking into account published data and results of our
study, it becomes obvious that neonatal sepsis still is an
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important cause of morbidity and mortality in the
neonatal period, particularly in preterm and very low
birth weight infants. With early diagnosis being chal-
lenging due to non-specific clinical characteristics we
must rely on isolation of bacteria and estimation of
mother and neonatal risk factors. According to results of
our study premature birth and low birth weight are
identified among the most significant neonatal sepsis
risk factors. Maternal preeclampsia, premature rupture
of membrane and perinatal asphyxia were identified as
significant mother related risk factors for early-onset
neonatal sepsis in the preterm newborn infants.
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