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Methods: A retrospective study was conducted using the neonatal intensive care unit (NICU) database
in King Fahad Medical City (KFMC), Riyadh, Saudi Arabia. All neonates born in KFMC with clinically
diagnosed sepsis in the NICU were included in this study.
Results: During the study period, a total of 245 neonates with a culture-proven diagnosis of neonatal sep-
sis were included in this study and 298 episodes of sepsis were observed. Out of the 298 episodes, EOS
occurred 33 (11.1%) times, and LOS occurred 265 (88.9%) times. For both neonates with EOS and LOS pre-
maturity was the major neonatal risk factors for sepsis 16 (48.5%), 214 (80.8%); respectively. Multiparty
and delivery by caesarean section were the top maternal risk factors of both EOS and LOS. Nneonates
with LOS had high CRP, Total WBC count and thrombocytopenia compared to EOS neonates. Our results
showed that in the EOS neonates, GBS was the most common pathogen followed by Escherichia Coli. In
LOS neonates, the common organisms were Staphylococcus spp., Klebsiella and Pseudomonas aeruginosa.
Mortality rate of neonatal sepsis is higher in EOS 5 (15.2%) from total EOS compared to LOS 24 (11.3%) from
total LOS. All Gram-negative bacteria were sensitive to Amikacin. Gram-negative non-fermenting bacte-
ria, such as P. aeruginosa and Acinetobacter were sensitive to amikacin and gentamycin. All Gram-positive
bacteria were sensitive to gentamycin. Among thirteen Candida albicans isolates, 85% were sensitive to
fluconazole.
Conclusion: Concerted efforts are needed to determine the spectrum of risk factors and the clinical char-
acteristics of EOS and LOS in order to implement appropriate treatment strategies as sepsis remains
to be a serious danger to neonatal wellbeing. Moreover, our study emphasizes that use of aminoglyco-
sides is much agreeable as compared to the broad spectrum antibiotics which are more rampantly used
nowadays.
© 2019 Published by Elsevier Limited on behalf of King Saud Bin Abdulaziz University for Health
Sciences. 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 of life [1]. Neonatal sepsis is classified as early or late accord-
ing to the age of onset during the neonatal period [2]. Although

Neonatal sepsis is the term used to define any systemic bac- improvements in neonates’ care have increased survival, sep-
terial infection with pOSitiVe blood culture in the first month sis is still one of the leading causes of mortality and morbldlty
among neonates, particularly in developing countries [3-5]. The

incidence of neonatal bacterial sepsis may vary from one coun-
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The risk factors for neonatal bacterial sepsis are multidimen-
sional, ranging from maternofetal infection to the physical and
cellular defense mechanisms of the neonate [7].

Group B streptococcus (GBS) has been reported to be the most
frequent etiological agent of early-onset neonatal sepsis in devel-
oped countries, with high morbidity and mortality along with other
microorganisms, depending on the microorganisms and the inter-
related environmental, socioeconomic and hygienic factors [8]. A
study conducted in 2013 at King Abdel Aziz Specialist Hospital in
Taif, Saudi Arabia, found that Klebseilla spp. was one of the most
common organisms causing late-onset sepsis in newborns [9].

Prognosis is mainly dependent upon the type of the microor-
ganism, onset of sepsis, site of infection and related risk factors for
sepsis. These factors may be different in each neonatal intensive
care unit (NICU) or may vary in the same NICU over time. Accu-
rate monitoring and evaluation of these factors are vital to improve
prognosis and reduce mortality in neonatal sepsis. In Saudi Arabia,
there are lack of recent studies that describing the epidemiology
profile of neonatal sepsis in NICU. Thus, the aims of this study were
to characterize the risk factors, hematology profile, microbial pro-
file, mortality and complications, mortality causing organisms and
antimicrobial susceptibility patterns of neonatal sepsis at a tertiary
care hospital.

Materials and methods
Study design

A retrospective study was conducted using the database avail-
able at NICU of King Fahad Medical City (KFMC) in Riyadh, Saudi
Arabia. The records available between January 2011 and December
2015 were reviewed during the study period. Our neonatal inten-
sive care unit has 27 beds level Il and 17 beds level II. The unit has
infection control committee and full time infection control nurse
from infection control department.

Study population

All neonates (0-28 days of age) born in KFMC with clini-
cally diagnosed sepsis and confirm by blood culture in the NICU
were included in this study. For neonates with coagulase negative
Staphylococcus, additional clinical signs were utilized to distinguish
contamination from true infection.

During the study period, a total of 245 neonates with a culture-
proven diagnosis of neonatal sepsis were included in this study and
298 episodes of sepsis were observed. Out of the 298 episodes, EOS
occurred 33 (11.1%) times, and LOS occurred 265 (88.9%) times.

The definitions of neonatal sepsis vary according to neonatal
perinatal medicine [10] and the 2014 WHO protocol, wherein it is
categorized as either early-onset sepsis (EOS), which occurs in the
first 72 h of life, or late-onset sepsis (LOS), which occurs after 72 h
of life. EOS is mainly due to organisms acquired before and during
delivery, while LOS is due to organisms acquired after delivery and
is mainly referred to as a healthcare-associated infection (HAI). LOS
is a frequent complication of prolonged stay in the NICU following
preterm birth.

Data collection

The following data were collected for neonates: (i) neonatal risk
factors, which include gender, maturity, birth weight, Apgar score,
central line catheter insertion and total parenteral nutrition (TPN);
(ii) maternal risk factors, including antenatal care, type of gestation,
parity, mode of delivery, and complications, such as preeclamp-
sia, premature rupture of member (PROM), fever, antibiotic use
during the intrapartum period, antepartum hemorrhage (APH),

GBS, intrauterine growth restriction (IUGR), and steroids use; (iii)
hematology profile (blood culture, C-reactive protein (CRP) (ng/ml),
platelet count (<100 x 10°/1), total white blood cells (TWBCs, 103
cells/pl) and absolute neutrophil count (%)); (iv) microbial profile
which showed the types of isolated organisms; (v) mortality and
complications of neonatal sepsis; (vi) mortality causing organisms;
and (vii) antimicrobial susceptibility patterns in all isolates.

Ethical considerations

Ethics approval was obtained from the Institutional Review
Board at KFMC.

Statistical analysis

Statistical analyses were performed using SPSS 22.0 software
(SPSS Inc., Chicago, IL, USA). Continuous variables are presented as
the mean + SD. Categorical variables were presented as frequencies
with corresponding percentages. The number of episodes of sepsis
were considered in analyzed the data.

Results

Neonatal and maternal risk factors of sepsis were summarized in
Table 1. The mean birth weight was 2187.3 +-964.1 g for a neonate
with EOS and 1501.1 + 876 g for a neonate with LOS. Moreover, the
mean duration of hospital stay was 21.8 +34.3 days for neonates
with EOS and 56.3 + 58.4 days for neonates with LOS.

Neonatal risk factors

For neonates with EOS prematurity 16 (48.5%), low Apgar score
at 1st minute 16 (48.5%), and male gender 15 (45.5%) were major
neonatal risk factors for sepsis. In LOS, TPN 202 (76.2%), cen-
tral catheterization 174 (65.7%) and low birth weight (<1500g)
161(60.8%) were found to be the major risk factors besides pre-
maturity 214 (80.8%) (Table 1).

Table 1
Neonatal and maternal risk factors of sepsis.
Early onset Late onset p-Value
of sepsis of sepsis
n(33) n (265)
Neonatal factors
Male gender 15(45.5) 153(57.7) 0.18
Prematurity 16(48.5) 214(80.8) <0.001
Low birthweight (<1500 g) 9(27.3) 161(60.8) <0.001
Low Apgar score at 1st minute 16(48.5) 155(58.5) 0.273
Low Apgar score at 5th minute 2(6.1) 30(11.3) 0.357
Central line catheter 12(36.4) 174(65.7) <0.001
TPN 12(36.4) 202(76.2) <0.001
Maternal factors
Irregular antenatal care 8(24.2) 99(37.4) 0.139
Multiple gestation 4(12.12) 87(32.8) 0.081
Multipara 21(63.6) 206(77.7) 0.073
Caesarean section delivery 13(39.4) 149(56.2) 0.067
Pre-eclampsia 1(3.0) 10(3.8) 0.831
PROM 4(12.1) 30(11.3) 0.892
Intrapartum period
Fever 4(12.1) 4(1.5) <0.001
APH 1(3.0) 16(6.0) 0.482
GBS 4(12.1) 5(1.9) 0.013
IUGR 4(12.1) 29(10.9) 0.839

TPN: Total parenteral nutrition; CRP: C-reactive protein; PROM: premature rup-
ture of member; APH: antepartum hemorrhage; GBS: Group B streptococcus; [UGR:
intrauterine growth restriction.

Data are presented as number and percentage.

Bold values are less than 0.001.
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Maternal risk factors

Multiparty and delivery by caesarean section were the top
maternal risk factors of both EOS and LOS. About, 12% of moth-
ers with either premature rupture of the membranes (PROM) or
Group B streptococcus (GBS) infection had babies with EOS. More-
over, 12.1% of the mothers had a history of fever, 33.3% of them had
used antibiotics during the intrapartum period and 8 (24.2%) had
used steroids. Regarding maternal risk factors, in LOS a mere 1.9%
had GBS, 12.5% had used antibiotics during intrapartum period and
86 (32.5%) had used steroids (Table 1).

A significant difference was found between LOS and EOS and
some of the neonatal and maternal risk factors of sepsis: pre-
maturity (p<0.001), low birthweight (<1500g) (p<0.001), TPN
(p<0.001), intrapartum period fever (p <0.001) and GBS (p=0.013)

Hematology profile

Eleven (33.3%) patients with EOS showed high levels of
CRP, while equal number, i.e., 4 (12.9%) of the babies showed
either increased white blood cells count >20,000 (TWBCs/ 103
cells/.l) or thrombocytopenia and 8 (25.8%) had low TWBC counts
<5 x 103 cells/pl and 5 (15.2%) showed neutropenia on periph-
eral blood film. The majority 162 (76.4%) of neonates with LOS
showed high CRP levels (p<0.001), 75 (35.4%) of them had throm-
bocytopenia, 49 (23.1%) had increased white blood cells count
>20,000 (TWBCs/103 cells/wl), 20(9.4%) had low TWBC counts
<5 x 103 cells/wl and 29 (13.7%) had absolute neutrophil count
<1000 (%) (Table 2).

A significant difference was found in CRP levels (p<0.001) and
Thrombocytopenia (p=0.003) between EOS and LOS and.
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Table 2
Hematology profile of the study subjects.
Early- Late- p-
onset onset Value
sepsis sepsis
n (%) n (%)
High CRP (ng/ml) 11(33.3) 162(76.4) <0.001
Thrombocytopenia <100 x 10°/1 4(12.9) 75(35.4) 0.003
Total white blood cells (TWBCs/103 cells/w.l)
<5000 (Low) 8(25.8) 20(9.4)
5000-20,000 (Normal) 19(61.3) 141(66.5) 0.109
>20,000 (High) 4(12.9) 49(23.1)
Absolute neutrophil count (%)
<1000 5(15.2) 29(13.7) 0.107

Bold values are less than 0.001.

Microbial profiles

Amongst neonates with EOS, GBS (11, 33.3%) was the most fre-
quently detected pathogen followed by Escherichia Coli (E. Coli)
(9, 27.3%) (Fig. 1). Whereas, among LOS neonates, the common
causative organisms were Staphylococcus spp. (126, 59.4%), Kleb-
siella (37, 17.5%) and Pseudomonas aeruginosa (P. aeruginosa) (21,
9.9%) (Fig. 2).

Regarding the prevalence of fungal infections among neonates
with EOS, no cases were discovered; while 20 (0.6%) neonates with
LOS had Candida infection, with a total of 22 episodes. Candida albi-
cans was the most common etiological species (14, 63.6%) followed
by Candida parapsilosis (4, 18.2%) (Fig. 3).
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Fig. 1. Organisms in early-onset sepsis.
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Fig. 2. Organisms in late-onset sepsis.
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Table 3
Mortality and complications of neonatal sepsis.
Early-onset Late-onset p-Value
sepsis sepsis
n (%) n (%)
Mortality 5(15.2) 24(11.3) 0.176
CLD 0(0.0) 126(59.4) <0.001
Extended length of stay 4(12.1) 113(53.3) <0.001
>120 days
IVH 4(12.1) 26(12.1) 0.908
NEC 1(3.0) 63(23.8) 0.006
ROP 0(0.0) 16(7.5) 0.093
VAP 0(0.0) 37(17.5) 0.004

CLD: chronic lung disease; IVH: intraventricular hemorrhage; NEC: necrotizing
enterocolitis; ROP: retinopathy of prematurity; and VAP: ventilator-associated
pneumonia.

Bold values are less than 0.001.

Table 4
Organisms isolated in cases of death.

Organism Early-onset sepsis Late-onset sepsis
n (%) n (%)

Gram-negative 5(15.2) 19(9)

Gram-positive 0(0) 3(14)

Candida 0(0.0) 2(0.94)

Mortality and complications of neonatal sepsis

Among EOS neonates, 5 (15.2%) died from Gram-negative bac-
terial infection, 4 (12.1%) of the neonates had an extended length
of stay >120 days or suffered intraventricular haemorrhage (IVH).
Whereas, among LOS, 24 (11.3%) died. Chronic lung disease (CLD)
was the most prevalent complication of neonatal sepsis (126, 59.4%)
followed by extended length of hospital stay >120 days 113 (53.3%)
and NEC 63 (23.8%) (Table 3 ).

A significant difference was found between EOS and LOS and
the following complications of neonatal sepsis: CLD (p<0.001),
Extended length of stay >120 days (p <0.001), NEC (p=0.006) and
VAP (p=0.004).

Organisms causing mortality

Gram-negative organisms were the leading cause of death in
neonates with EOS and LOS. In EOS, the only organisms causing
mortality that were isolated from the 5 (15.2%) neonates who died
were Gram-negative bacteria, whereas in LOS, the most frequent
organisms causing mortality isolated were Gram-negative bacteria
19 (9%) followed by Gram-positive bacteria (3, 1.4%) and Candida 2
(0.94%) (Table 4).

Amongst neonates with EOS, E. coli was isolated in 3 cases as the
organism causing mortality, and Klebsiella and P. aeruginosa were
isolated in 2 cases. Among neonates with LOS, the most common
organism causing mortality was P. aeruginosa in 8 cases followed
by E. coli in 4 cases.

Antimicrobial susceptibility

All microbial organisms were tested with the recommended
antibiotics. We reviewed all positive blood cultures and sensitiv-
ity patterns to antibiotics. Streptococci species was sensitive to
Timethoprim-Sulfamethotazole (Bactrim). All Gram-negative bac-
teria were sensitive to Amikacin. Gram-negative non-fermenting
bacteria, such as P. aeruginosa and Acinetobacter were sensitive to
amikacin and gentamycin. All Gram-positive bacteria were sensi-
tive to gentamycin. Among thirteen C. albicans isolates, 85% were
sensitive to fluconazole (Tables 5-8).

Discussion

This study is one of the largest reported from a tertiary care
center in Saudi Arabia to depict the organism profile along with the
antimicrobial sensitivity pattern, risk factors and clinical character-
istics of neonatal sepsis. We had a total of 3437 neonates admitted
to the NICU from January 2011 to the end of December 2015. Out
of the 298 culture-proven episodes, 245 neonates were diagnosed
with neonatal sepsis; 33 had EOS, and 212 had LOS, which is consis-
tent with reports from other studies that the number of neonates
presenting with LOS are considerably greater than the number of
neonates with EOS [12-14].

Neonates with very-low birth weights are more likely to have
sepsis, as are those with depressed respiratory function at birth
and maternal risk factors [1]. In our study, neonatal sepsis occurred
mainly due to prematurity. We found that 48.5% of EOS neonates
were premature, while 78.3% of the neonates with LOS were pre-
mature, which is in agreement with the findings by a previous study
by Graham et al. [15] and Greenberg et al. [16]. These findings may
be attributed to the poor host defenses of premature newborns,
who are thus more likely to suffer from neonatal sepsis. EOS occurs
in utero secondary to maternal hematogenous infection or, more
often, chorioamnionitis and aspiration of infected amniotic fluid
or secretions in the birth canal leading to pneumonia and sepsis
manifested by fetal distress or neonatal asphyxia [11].

LOS occurs after 72 h of life and is acquired from the caregiving
environment. The skin, respiratory tract, conjunctiva, gastrointesti-
nal tract, TPN line and umbilicus of the neonates may become
colonized from the environment, and such colonization leads to
the possibility of LOS from invasive microorganisms. Vectors for
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Table 5

Antimicrobial susceptibility of Gram-negative bacteria.
1sol d Isolate Antibiotics
solates teste tested (n)

Ampicillin ~ Ceftazidem Cefotaxim Cefepime

Gentamycin Amikacin  Timethoprim- Pipracillin- Imepenem Meropenem
Sulfametho- Tzobactam

tazole
Escherichia coli 29 14% 59% 62% 62% 62% 100% 48% 86% 100% 100%
Klebsiella 40 0% 85% 83% 83% 83% 98% 83% 95% 100% 100%
Enterobacter species 18 6% 67% 61% 83% 83% 100% 89% 78% 100% 100%
Serratia marcescens 3 0% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Citrobacter koseri 1 0% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Table 6
Antimicrobial susceptibility of Gram-negative non-fermenting bacteria.
Isolate tested Antibiotics
Isolates tested (n)

Ceftazidem  Cefepime  Pipracillin—-

Gentamycin  Amikacin  Imepenem  Meropenem Timethoprim-

Tzobactam Sulfamethotazole
Pseudomonas aeruginosa 22 77% 100% 100% 100% 100% 91% 91% Not done
Acinetobacter 6 67% 67% 50% 67% 67% 67% 67% 17%
Stenotophonomanas 1 0% — — — — — — 100%
Stenotro. maltophilia 1 0% — — - — — — 100%
—=Not tested for other antibiotics.
Table 7
Antimicrobial susceptibility of Gram-positive bacteria.
Antibiotics
Isolates tested Isolate tested (n)
Penicillin Ampicillin Timethoprim-Sulfamethotazole Vancomycin
Staph aureus 8 — — 88% 100%
Staphylococcus species 111 - - 53% 100%
Enterococcus faecalis 6 - 83% - 100%
Streptococci species 4 75% 75% 100% 100%
Group B streptococcus 15 100% — — 100%
—=Not tested for antibiotics.
Table 8
Antimicrobial susceptibility of Fungi.
[solate tested Anti-fungal
Candida ) 5
Fluconazole Itraconazole Amphotericin B Ketoconazole Voriconazole Caspofungin
Sensitive nbp?
Candida glabrata 2 50% 0% 50% 50% — 50% 100%
Candida parapsilosis 5 80% 80% 20% 80% 20% 80% 60%
Candida tropicalis 2 100% 100% 0% 100% - 100% 100%
Candida albicans 13 85% 69% 85% 15% 15% 85% 92%

—=Not tested for antibiotics.

3 No break point: as per clinical and laboratory standards institute guidelines for antimicrobial susceptibility testing.

such colonization may include vascular or urinary catheters, other
indwelling lines, or contact with caregivers who had a previous bac-
terial infection [17]. In our study, TPN line, central catheterization,
and very-low birth weight (<1500 g) were found to be major risk
factors in addition to prematurity among neonates with LOS. Con-
siderable evidence from the literature shows that TPN is associated
with blood stream infections, which are potentially fatal complica-
tions with a mortality rate of 11% in neonates [18].

Furthermore, regarding the neonatal risk factors for LOS, our
results revealed that the majority of patients were male (59.4%).
In a study conducted by Purtilo et al. [19] it was found that males
have a higher incidence of neonatal sepsis, possibly due to defects
in X-linked immunoregulatory genes.

KFMC is a tertiary referral care hospital with a number of facil-
ities to treat high-risk neonates who are susceptible to infection.
However, in our study, we found certain factors, such as a low
Apgar score, in a significant number of neonates: 48.5% in EOS,
and 58.5% in LOS, which is consistent with previous studies that

have reported that low Apgar score is significantly associated with
neonatal sepsis [12,13]. Neonates with low Apgar scores are more
prone to infection, as they are less likely to cope with external
stressors [14,20]. Additionally, the results showed that 60.8% of
neonates with low birth weight (<1500¢g) had LOS and 27.3% had
EOS which is in agreement with the finding from an earlier study by
Haque [21].

Multiparty and delivery by caesarean section were found to be
the top maternal risk factors of both EOS and LOS. Similarly, a study
conducted by Al Dasoky et al. on 60 neonates at tertiary care hospi-
tal in Jordan, reported delivery by caesarean section as the highest
maternal risk factors of neonatal sepsis [22].

EOS occurs in utero, secondary to maternal hematogenous infec-
tion or, more often, chorioamnionitis and aspiration of infected
amniotic fluid or secretions in the birth canal leading to pneumonia
and sepsis manifested by fetal distress or neonatal asphyxia [13].
Only 12.1% of the neonates with EOS had GBS in our study. This may
be explained by the fact that 33.3% of the mothers had used antibi-
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otics during the intrapartum period due to the increasing emphasis
on the use of GBS intrapartum prophylaxis.

While the probability of sepsis is about 1% in the newborns
whose mothers have (+) PROM, this rate increases to 4-6% in
preterm newborns in the presence of PROM [23]. In the study of
Giirsu, no statistical significance was found between the sepsis
group and control group in terms of PROM [24]. In our study, PROM
was positive in 12.1% of the patients with EOS and 11.3% of LOS
patients.

In our study, the mothers of the neonates with EOS and LOS
had used antibiotics during the intrapartum period (33.3%), (12.5%),
respectively. Moreover, out study reported the use of steroids by
the that the mothers of the neonates with EOS and LOS. A study
conducted by Hornik et al. revealed that prenatal steroid and antibi-
otic usages were reported to be risk factors for EOS and LOS [5].
Appropriate maternal diagnosis and treatment are compulsory to
diminish the neonatal morbidity and mortality linked with neona-
tal sepsis as neonatal sepsis may present with clinical signs which
may make it difficult to establish the diagnosis and its outcome may
be devastating.

CRP was positive in 33.3% of the patients with EOS in consid-
erably higher number 84.1% in LOS. CRP is an indicator of acute
phase response to inflammation and tissue damage. CRP has long
been used as a precise measure of infection especially for neonates
because the recognition of danger signs of sepsis in a neonate is
extremely difficult and challenging [14,20]. CRP is an acute phase
reactant which is used very frequently in the diagnosis of neonatal
sepsis. CRP release starts 4-12h after the onset of the infectious
event, peaks in the 24th-60thh and its amount decreases when
infection regresses [15,21].

Total WBC count is also a useful indicator of neonatal wellbeing
and severity of the infection. Our study showed that approximately
94% of the neonates with LOS had high WBC count (>20,000) while
only 12.9% of EOS neonates had high counts. Similarly, leucope-
nia (<5000) occurred in about 75% of the LOS neonates and 25.8%
of EOS neonates. Leucopenia indicates that the neonate has an
overwhelming infection. The higher infection rates in LOS may be
explained by the fact that EOS occurs while the mother-child duo
is still admitted in the hospital and is subsequently managed effec-
tively in the hospital setting while in LOS there might have been
a considerable delay in diagnosing the condition and seeking the
treatment.

In the study of Topuz [25], the platelet count was found to be
significant in the diagnosis of sepsis [7]. In our study, thrombo-
cytopenia was found in 12.9% in neonates with EOS and 40.7% in
neonates with LOS which indicated the significance of thrombocy-
topenia in sepsis.

The causative organisms of neonatal sepsis vary in developed
and developing countries. Overall, Gram-negative organisms were
isolated in 61.1% of cases, while Gram-positive, Gram-negative
nonfermenting bacteria and yeast were isolated in 21.5%, 10.1% and
7.1% of cases, respectively. A study conducted by Bas et al. [26] indi-
cated that Gram-negative bacteria were isolated at a rate of 70.8%
and that Gram-positive bacteria were isolated at a rate of 22.6%.
The predominance of Gram-negative organisms may be attributed
to the current efforts toward maternal intrapartum antimicrobial
prophylaxis against GBS [27].

Our results showed that in the EOS neonates, GBS was the most
common pathogen followed by E. Coli. In LOS neonates, the common
organisms were Staphylococcus spp., Klebsiella and P. aeruginosa.
Our study showed that none of the neonates with EOS had Candida
infections, while 20 neonates with LOS had Candida infections. The
prevalence of Candida infections was 0.6% of total admissions dur-
ing the study period. C. albicans was the most common pathogen
followed by C. parapsilosis. A meta-analysis of 19 studies found that
three of the four organisms (Staphylococcus aureus, E. coli, and Kleb-

siella species) caused nearly half (44%) of all infections in neonates
[28]. However, Hyde et al. [29] reported that the most common eti-
ologic agents in EOS were GBS, E. coli, and Streptococcus viridian,
while CONS, Staphylococcus aureus, and C. albicans were the most
common etiologic agents in LOS. In studies conducted in Western
countries, the most commonly isolated agent in EOS is GBS fol-
lowed by Gram-negative bacilli and staphylococci [30]. In the study
by Giirsu [24], Gram-negative bacilli, staphylococci, and Candida
were isolated in 52.9%, 41.1% and 5.9% of cases of EOS, respec-
tively. Staphylococci were isolated in 75% and Gram-negative bacilli
were isolated in 16.6% of neonates with LOS. In the study by Topuz
[25], staphylococci, Gram-negative bacilli, GBS and Streptococcus
spp. were isolated in order of frequency in neonates with EOS, and
staphylococci and Gram-negative bacilli were isolated in order of
frequency in neonates with LOS.

Consistent with our findings previous studies reported that the
mortality rate of neonatal sepsis is higher in EOS compared to LOS
[24,31]. A study conducted by Giirsu et al., the mortality rate in
neonatal sepsis was found to be 21.4% in the neonates with EOS
and 18.8% in the neonates with LOS [24]. In Esma et al. study, the
mortality rate was found to be higher in the patients with EOS 10%
compared to the patients with LOS 5% [31].

It is not easy to compare antibiotic susceptibility patterns
between countries, as the epidemiological profile of neonatal sep-
sis is widely variable depending upon the use and ease of acquiring
antibiotics over the counter [7]. In our study, among all Gram-
negative isolates, we found that amikacin is effective in 98-100% of
cases and all Gram-negative nonfermenting were highly sensitive
towards both aminoglycosides (amikacin and gentamycin).

Through this study we aimed to elaborate on the prevailing
strains and the antibiotic sensitivity patterns for neonatal sepsis
in our hospital. Periodic evaluations through more extensive and
prospective research are necessary to understand the temporal
changes in the causative organisms and their antibiotic suscepti-
bility.

This is one of few studies conducted in the Kingdom and is sig-
nificant as it represents a 5-year comprehensive database analyzed
to determine the risk factors, laboratory profile, microbial profile
and antimicrobial susceptibility patterns and outcomes of neonatal
sepsis at one of the most reputable tertiary health care institutions
in KSA. However, the study limited in scope as it was conducted at
a single center.

Conclusion

Neonatal sepsis occurred mainly due to prematurity, multiparty
and delivery by caesarean section were found to be the top maternal
risk factors of both EOS and LOS. Our results showed that GBS was
the most common pathogen causing EOS among neonates, while
Staphylococcus spp. was the most common organism among LOS
neonates. Neonates with EOS had a higher mortality as compared
to LOS. Moreover, our study emphasizes that use of aminoglyco-
sides (amikacin and gentamycin) is much agreeable as compared
to the broad spectrum antibiotics which are more rampantly used
nowadays even in tertiary care hospital settings. In summary, con-
certed efforts are needed to determine the spectrum of risk factors
and the clinical characteristics of EOS and LOS in order to imple-
ment appropriate treatment strategies as sepsis remains to be a
serious danger to neonatal wellbeing.

Our study provides valuable insights documenting important
factors that affect susceptibility and outcomes of neonatal sepsis
which is a global public health issue. Research on neonatal sepsis
is an innovative movement in the region with a need to assess the
gravity of the problem at a national scale and we hope that our find-
ings will stimulate further research in the field benefitting both the
policy makers for crafting preventive strategies and the clinicians
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for a better understanding about the magnitude of the disease in
Saudi Arabia.
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