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ABSTRACT
Objective: Neonatal sepsis is an important cause of neonatal mortality and morbidity, especially in low birth-
weight premature babies. This study aimed to examine the clinical and laboratory features of cases with culture-
positive neonatal sepsis.
Method: Medical records of 233 newborn infants with culture-positive sepsis among 4241 hospitalized patients 
between January 2013 and December 2017 were reviewed. Demographic and clinical data of these patients were 
retrospectively recorded.
Results: The majority of patients was extremely and moderately preterm infants (39.1% vs. 11.6%). These patients 
had a history of invasive mechanical ventilation (74.2%) or central catheterization (26.9%). The mostly isolated 
pathogens (56.2%) were Gram-negative bacteria, especially Klebsiella pneumoniae in 67 (28.8%) cases. Post-hoc 
test showed a statistically significant difference in the incidence rates of leukopenia between patients infected 
with Gram-positive, Gram-negative bacteria and fungi (12.3%, 16.8% and 17.2%, respectively) (p=0.021). Patients 
who developed leukopenia (n=36, 15.5%) had a higher mortality rate compared to those with leukocytosis (n=50, 
21.5%) (72.2% vs. 50%, p<0.001). The duration of total parenteral nutrition was found to be a significant risk factor 
in terms of mortality (p=0.015).
Conclusion: Prolonged parenteral nutrition is an important risk factor for mortality in low-birth weight newborns 
and those with sepsis. It is noteworthy that the mortality rate is higher in newborns with sepsis who developed 
leukopenia and neutropenia.
Keywords: Newborn, microorganism, risk factors, sepsis, prognosis

ÖZ
Amaç: Neonatal sepsis yenidoğanda, özellikle de düşük doğum ağırlıklı prematüre bebeklerde önemli bir 
mortalite ve morbidite nedenidir. Bu çalışmada kültür pozitif neonatal sepsisli hastaların klinik ve laboratuvar 
özelliklerinin araştırılması amaçlandı.
Yöntem: Ocak 2013 ile Aralık 2017 tarihleri arasında hastanemizde yatan 4241 hasta arasında kültür pozitif sepsis 
tanısı alan 233 yenidoğan bebeğin tıbbi kayıtları incelendi. Bu hastaların demografik ve klinik verileri geriye dönük 
olarak kaydedildi.
Bulgular: Hastaların çoğunluğunu ileri derecede ve orta derecede prematüre bebekler oluşturmaktaydı (%39,1 vs. 
%11,6). Bunların %74,2’sinde invaziv mekanik ventilasyon, %26,9’unda santral kateterizasyon öyküsü vardı. En çok 
izole edilen patojenler (%56,2) Gram-negatif bakteriler, özellikle Klebsiella pneumoniae (n=67, %28,8) idi. Post-
hoc analizi Gram-pozitif ve Gram-negatif bakteriler ile mantarlar arasında lökopeni yönünden istatistiksel olarak 
anlamlı bir fark olduğunu (sırasıyla %12,3, %16,8 ve %17,2) gösterdi (p=0,021). Lökopeni gelişen hastalarda (n=36, 
%15,5) ölüm oranı, lökositoz gelişen hastalara (n=50, %21,5) göre daha yüksekti (%72,2 vs. %50, p<0,001). Total 
parenteral beslenme süresinin mortalite açısından anlamlı risk faktörü olduğu belirlendi (p=0,015).
Sonuç: Uzun süreli parenteral beslenme, düşük doğum ağırlıklı ve septik yenidoğanlarda mortalite açısından 
önemli bir risk faktörüdür. Lökopeni ve nötropeni gelişen septik yenidoğanlarda ölüm oranının daha yüksek olması 
dikkat çekicidir.
Anahtar kelimeler: Yenidoğan, mikroorganizma, risk faktörleri, sepsis, prognoz
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INTRODUCTION
Neonatal sepsis is a clinical syndrome characterized 

by systemic symptoms and signs of infection in the first 
month of life, whether or not a specific microorganism 
was isolated in blood culture(1). It has incidence rates 
ranging from 15/1000 to 49-170/1000, especially in very- 
low- birth-weight infants (VLBW) (<1500 g). Although 
perinatal and neonatal care has been improved thanks 
to recent medical and technological advances, many 
challenges still remain in the diagnosis and management 
of neonatal infections. Diagnosis of neonatal sepsis is 
difficult in some cases, particularly in preterm infants, 
because of the prevalence of sepsis-like non-infectious 
conditions and the lack of optimal diagnostic tests. These 
conditions will cause unnecessary use of both broad-
spectrum antibiotics and prolonged treatment with 
empirical antibiotics which is associated with adverse 
outcomes and increase in antimicrobial resistance 
rates(2,3).

Neonatal sepsis is one of the leading causes of 
neonatal mortality and an important public health 
problem, especially in developing countries. According 
to the estimates made by the World Health Organization 
for 195 countries, neonatal bacterial infections cause 
the death of approximately 680,000 newborns, which 
corresponds nearly one quarter of all neonatal deaths(4). 
Given the higher incidence and mortality rates of 
neonatal sepsis, especially in preterm infants, and its 
long-term consequences on growth and development, 
efforts to reduce infection rates in this vulnerable 
population appear to be one of the most important 
interventions in neonatal care. Therefore, in order to 
draw attention to the importance of neonatal sepsis, 
this retrospective study was conducted to examine the 
incidence, risk factors, clinical and laboratory features 
of culture-positive cases with neonatal sepsis that were 
referred to a tertiary neonatal intensive care unit (NICU) 
over four years, and the effects of clinical and laboratory 
parameters as well as the given treatments on mortality 
and morbidity.

MATERIALS and METHODS
Before starting the study, study approval was 

obtained from the Ethics Committee of Fırat University 
(decision no: 03, date: 19.01.2016). Among 241 newborns 
hospitalized in the Medical Faculty Hospital NICU of 
Fırat University between January 1, 2013 and December 
31, 2017, 233, infants diagnosed with culture-positive 
sepsis were included in the study. Demographic 
data (gestational age, birth weight, gender, mode of 

delivery, Apgar scores), invasive procedures (tube 
thoracostomies, peripheral insertion of central venous 
catheters, umbilical catheterization and mechanical 
ventilation), and surgical procedures performed, length 
of hospitalization, duration of parenteral nutrition, 
laboratory test results [complete blood count, C-reactive 
protein, cerebrospinal fluid (CSF) analyzes, if any], reports 
of diagnostic imaging modalities (echocardiography, 
transfontanelle and abdominal ultrasonography, and 
cranial magnetic resonance imaging), complications and 
patient outcomes were evaluated retrospectively.

Patients with suspected sepsis were evaluated 
according to the “Töllner sepsis scoring system”. 
Accordingly, <5 points were evaluated as “no suspected 
sepsis”, 5-10 points as “suspected sepsis” and ≥10 points 
as “probable sepsis”(5). Among the cases with “probable 
sepsis”, the patients were considered to have “clinical 
sepsis” and “culture-positive sepsis” if a causative 
agent could not, and could be isolated in their blood 
cultures, respectively(6). Isolation of coagulase-negative 
streptococci (CoNS) was accepted as contamination, 
except in cases of clinical sepsis characterized by 
symptoms of hyperthermia, hypothermia, apnea, or 
bradycardia and also excluding patients whose two 
or multiple blood cultures obtained during the same 
study period demonstrated growth of CoNS on separate 
occasions or patients with an intravascular line whose at 
least one blood culture revealed the presence of CoNS 
despite appropriate antibiotherapy, as well(7) .

According to the onset time of neonatal sepsis, 
early-onset neonatal sepsis (EOS) was defined as 
sepsis occurring at ≤72 h of life and late-onset sepsis 
(LOS) was defined as sepsis occurring 72 h after birth. 
In accordance with our treatment protocol of our unit, 
until the antibiogram results were obtained, empirical 
antibiotherapy was started with ampicillin + amikacin 
(or gentamicin) for patients with suspected EOS, while 
vancomycin + amikacin (or ceftazidime) was used as 
initial antibiotherapy for cases with suspected LOS(8).

Preterm birth refers to all deliveries occurring before 
370/7 gestational weeks; and extremely preterm (<28 
weeks), very preterm (28+0/7 -31+6/7 weeks), moderately 
preterm (32+0/7-33+6/7 weeks), and late preterm births 
(34+0/7-36+6/7 weeks) are classified as preterm births. 
Term births refer to deliveries occurred between 37+0/7-
42+0/7 gestational weeks, and post-term births refer to 
any delivery occurring after 42+0/7 gestational weeks. 
According to the weight of a baby at birth, birth weights 
<1000 g was defined as extremely low birth-weight 
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(ELBW), 1000-1500 g as very low birth-weight (VLBW), 
1500-2500 as low birth-weight (LBW), and >2500 g as 
normal birth-weight (NBW)(9,10).

Hemoglobin (Hb) levels lower than the normal 
range for birth weight and postnatal age were defined 
as “anemia”(11). Platelet counts <150.000/mm3, and 
>450.000/mm3 were defined as thrombocytopenia “and 
thrombocytosis, respectively(12). White blood cell (WBC) 
counts of 6.000-30.000/mm3 in the first 24 hours of life 
and 5.000-20.000/mm3 in the postnatal >3 days were 
considered to be within normal range(13). Neutropenia 
was defined as an absolute neutrophil count (ANC) 
below 1.5×109/L (1500/mm3)(14).

Bronchopulmonary dysplasia was defined as the 
condition where the oxygen requirement still continues 
at the postconceptional 36th week or during discharge in 
babies with a gestational age of <32 weeks, and between 
the postnatal 28-56th days in babies with a >32-week 
gestational age or at discharge(15). Patients with suspected 
necrotizing enterocolitis were evaluated according to 
the Modified Bell staging(16). In addition, patients were 
screened for retinopathy of prematurity at appropriate 
postconceptional weeks(17).

Prelabor rupture of the membranes (PROM) refers 
to rupture of the fetal membranes prior to the onset of 
regular uterine contractions. It may occur at term (≥37+0 
gestational weeks) or preterm (<37+0 gestational weeks) 
(preterm PROM)(18).

Complete blood count analysis was performed 
with the ADVIA 2120i analyzer (Siemens AG, Erlangen, 
Germany). Approximately 0.5-1 mL of venous blood 
sample was inoculated into pediatric BACTEC culture 
media which was placed in the oven of the BACTEC 
9240 hemoculture device (Becton Dickinson, USA). The 
samples were checked for bacterial growth every day. 
Antibiotic susceptibility tests were performed for the 
isolated microorganisms. The culture media kept in an 
oven for at least 7 days without any growth of pathogenic 
microorganism was considered to be culture negative. 
Micro-C-reactive protein (CRP) measurements were 
made using the QuikRead go® instant diagnostic system 
(Orion, Finland) installed in our unit.

Statistical Analysis
For data analysis, the 22.0 version of the SPSS for 

Windows; statistical software program was used. Data 
were shown as mean ± standard deviation for normally 
distributed data, and median (maximum and minimum) 
values for non-normally distributed continuous variables, 

while nominal variables were expressed as numbers 
(n), and percentages (%). Student’s t-test was used to 
compare mean, and Mann-Whitney U test to compare 
median values, while for the comparison of percentage 
values chi-square test was employed. Non-parametric 
multiple comparison tests included in one-way analysis 
of variance (ANOVA) were used to determine the 
conditions that caused the difference between groups. 
A p-value <0.05 was considered statistically significant.

RESULTS
A total of 4241 patients were hospitalized in the NICU 

of our hospital during the study period. Accordingly, 
the prevalence of blood culture-positive neonatal 
sepsis was calculated as 5.5 percent. The majority of the 
patients (67.8%) were low birth-weight babies. The mean 
birth-weight was 1999.72±905.41 g (range, 550 g-4200 
g). According to the gestational age, the majority of the 
patients were extremely/very preterm and moderately 
preterm infants (39.1% vs. 11.6%). The mean gestational age 
of the patients was 33.13±4.67 weeks (range, 24-42 weeks).

The median 5th minute Apgar score was 8 in 171 
patients whose data could be obtained from their 
medical records. There was no significant difference 
between EOS and LOS cases in terms of median 
Apgar scores. Respiratory distress syndrome (RDS) 
was present in 19 (22%) cases with EOS and 47 (31.9%) 
cases with LOS. The mean duration of total parenteral 
nutrition (TPN) was 15.3±14.63 days (range, 0-85 days). 
Cardiac pathology was detected on echocardiography 
in 76 (32.6%) patients. Main cardiac defects were patent 
ductus arteriosus (PDA) (n=51, 67.1%), ventricular septal 
defect (n=14, 18.4%), atrial septal defect (n=7, 9.2%) and 
atrioventricular septal defect (n=4, 5.3%). Medical PDA 
closure treatment was applied to 21 (41.2%) of those 
patients diagnosed with PDA. Demographic and clinical 
characteristics of the patients are summarized in Table 1.

Table 1. Demographic and clinical characteristics of the 
patients
Gender n (%)
Male 125 (53.6) 
Female 108 (46.4)
Type of birth n (%)
Cesarean section 172 (73.8)
NSVY 61 (26.2)
Gestational age n (%)
Extremely/very preterm babies 91 (39.1)
Moderately preterm babies 27 (11.6)
Late preterm babies 39 (16.7)
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The most common pathogens in blood culture were 
Gram-negative bacteria (n=131, 56.2%), Gram-positive 
bacteria (n=73, 31.3%), and fungi (n=29, 12.4%). The most 
common pathogens in both EOS and LOS cases were 
Gram-negative bacteria (61.6% vs. 53.1%). There was no 
statistically significant difference between the cases 
with EOS and LOS in terms of distribution of causative 
pathogens including Gram-positive bacteria and fungal 
strains (p=0.453). The most common pathogens in blood 
cultures of patients diagnosed with neonatal sepsis was 
K. pneumoniae (n=67, 28.8%). Causative pathogens 
isolated from blood cultures of the septic patients are 
given in Table 2. Of the patients with accompanying 
meningitis, 2 (33.3%) had EOS and 4 (66.6%) had LOS. 
There was no statistically significant difference between 
the cases with EOS and LOS in terms of accompanying 
meningitis (p=0.458). The most commonly isolated 
pathogen in CSF culture media was K. pneumoniae 
(50%). Similarly, K. pneumoniae was isolated most 
frequently (30%) in urine cultures, (30%), and 10 (4.3%) 
patients with positive urine cultures were considered to 
have urosepsis.

The mean total WBC count of the patients was 
12.350±9.067/mm3 (range, 600-57.790/mm3). Gram-
positive bacteria (12.3%), Gram-negative bacteria (16.8%) 
and fungi (17.2%) caused leukopenia in respective 
percentages of patients, and the post-hoc test revealed 
the presence of a statistically significant difference 
between them (p=0.021). Twenty-six (72.2%) out of 36 

Table 1. Continued
Gestational age n (%)
Early term babies 9 (3.9)
Full-term babies 66 (28.3)
Post-term babies 1 (0.4)
Birth weight n (%)
Normal birth-weight babies 75 (32.2)
Low birth-weight babies 73 (31.3)
Very- low- birth-weight babies 50 (21.5)
Extremely low- birth-weight babies 35 (15)
Onset time of neonatal sepsis n (%)
Early-onset neonatal sepsis 86 (36.9)
PROM 20/86 (23.3)
Late-onset neonatal sepsis 147 (63.1)
Respiratory distress syndrome n (%)
Yes 66 (28.3)
Mechanical ventilation n (%)
Invasive 173 (74.2)
Non-invasive 21 (9.1)
Thoracic tube insertion n (%)
Yes 15 (6.4)
Surgical operation n (%)
Yes 15 (6.4)
Central catheterization n (%)
Yes 58 (24.9)
TPN n (%)
Yes 211 (90.6)
Lumbar puncture n (%)
Yes 27 (11.6)
Meningitis 6/27 (22.2)
Complications n (%) 
Hydrocephalus 17 (7.3) 
ARF 12 (5.2)
Cholestasis 11 (4.7)
PVL 9 (3.9)
GMH 8 (3.4)
NEC 8 (3.4)
BPD 7 (3)
Outcomes n (%)
Survival without sequelae 107 (45.9)
Death 102 (43.8)
Survival with sequelae 24 (10.3)
NSVY: Normal spontaneous vaginal delivery, PROM: Prelabor 
rupture of the membranes(18), ARF: Acute renal failure, PVL: 
Periventricular leukomalacia, GMH: Germinal matrix hemorrhage, 
BPD: Bronchopulmonary dysplasia, NEC: Necrotizing enterocolitis 

Table 2. Causative pathogens isolated from blood 
cultures
Pathogens causing infection n %
Klebsiella pneumoniae 67 28.8
Acinetobacter baumannii 32 13.7
CoNS 31 13.3
Staphylococcus haemolyticus 24 10.3
Escherichia coli 18 7.7
Candida parapsilosis 16 6.9
Candida albicans 13 5.6
Serratia marcescens 11 4.7
Streptococcus pneumoniae 11 4.7
MRSA 5 2.1
Stenotrophomonas maltophilia 3 1.3
Pseudomonas aeruginosa 1 0.4
Proteus mirabilis 1 0.4
Total 233 100
CoNS: Coagulase-negative staphylococci, MRSA: Methicillin-resistant 
S. aureus
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(15.5%) patients with leukopenia, and half of the patients 
with leukocytosis (n=50, 21.5%) died, with a statistically 
significant difference between groups regarding 
mortality rates (p=0.001).

The mean ANC was 5.620±6.758/mm3 (range, 90-
48.270/mm3). Gram-positive bacteria (17.8%), Gram-
negative bacteria (19.1%), and fungi (24.1%) caused 
neutropenia in indicated percentages of patients, 
without any statistically significant difference between 
them (p=0.762). Stenotrophomonas maltophilia was 
the leading (100%) cause of neutropenia among all 
pathogens. Twenty-five (60%) out of 45 (19.3%) patients 
with neutropenia died (p=0.024). Accordingly, 70.6% 
of the infants who died due to sepsis developed 
neutropenia (p=0.003).

The mean platelet count of the patients was 
132.000±195.676/mm3 (range, 6000-1.190.000 mm3). 
Gram-positive (42.5%), Gram-negative bacteria (58%), 
and fungal agents (65.5%) caused thrombocytopenia in 
indicated percentages of patients without any statistically 
significant difference between them in this respect 
(p=0.094). Most frequently, fungal agents (65.5%) caused 
neonatal sepsis, and among them the leading pathogen 
was Candida parapsilosis in 87.5% of the cases. However, 
Serratia marcescens (90.9%) was the leading cause of 
thrombocytopenia among all pathogens. Accordingly, a 
statistically significant difference was detected between 
Serratia marcescens and other pathogens in this regard 
(p=0.01). The mean platelet counts of patients with 
sepsis due to Serratia marcescens was 56.860/mm3. In 
addition, among Gram-positive bacteria, most frequently 
thrombocytopenia was found in cases infected with 
Streptococcus pneumoniae (50%).

The mean Hb value of the septic newborn was 
11.4±3.35 g/dL (range, 5.4-22 g/dL), while in 188 (80.7%) 
patients priorly CRP-positivity was detected.

The mean age at diagnosis of sepsis was 17.24±16.4 
days (range, 0-85 days). Most of the patients (n=210, 
90.1%) had used antibiotherapy before the development 
of sepsis and while 23 (9.9%) patients had not. The mean 
duration of antibiotherapy during sepsis attack was 
22.5±12.5 days (range, 1-65 days). The mean total hospital 
stay was 39.3±32.1 days. Any statistically significant 
difference was not detected between patients infected 
with Gram-positive, Gram-negative bacteria and fungi in 
terms of length of hospital stay (110.53, 118.06 and 128.48 
days, respectively), (p=0.461).

Mortality rates among ELBW (n=24; 68.6%) VLBW 
(n=27; 54%), LBW (n=22; 30.1%), and NBW (n=29; 38.6%) 
infants were also estimated. Post-hoc tests showed a 
statistically significant difference between birth weights 
and mortality rates. Mortality rates were significantly 
higher in patients with ELBW and VLBW infants than in 
LBW and NBW infants (p=0.02).

Mortality rates according to gestational ages were 
58.2% (n=53) in extremely/very preterm, 25.9% (n=7) in 
moderately preterm, 38.5% (n=15) in late preterm, 22.2% 
(n=2) in early term and 37.3% (n=25) in term infants. 
The impact of gestational age on mortality rates was 
not statistically significant (p=0.062). Similarly, there 
was no statistically significant difference in mortality 
rates between patients with and without RDS (p=0.32). 
In addition, average mortality rate was statistically 
significantly higher (n=13, 61.9%) in patients who 
underwent medical PDA closure (p=0.036).

The mortality rate was statistically significantly higher 
(70%) in patients who had central venous catheter 
(p=0.01). The total duration of TPN in patients who 
died due to sepsis (n=102) was 16.48±15.7 days (range, 
0-85 days), while it was 14.38±13.7 days (range, 0-65) in 
survivors (n=131) (p=0.015).

Sixty (45.8%) patients with Gram-negative, 24 (32.9%) 
patients with Gram-positive, and 18 (62.1%) patients 
with fungal sepsis died (p=0.094). However, among 
pathogenic agents, Candida parapsilosis was associated 
with the highest mortality rate (68.8%). Congenital 
anomalies were detected in 25 (24.5%) of the deceased 
patients.

Cranial MR images obtained in 173 (74.2%) patients, 
were unremarkable only in 129 (74.6%) cases, while 
pathological findings were reported for the remaining 44 
cases (Table 1). Since the data related to the hearing test 
results could not be found in the medical records, it was 
not possible to conclude how many patients developed 
hearing loss in total. Unfortunately, the hearing test 
(audiogram) results of all patients could not be obtained.

DISCUSSION
Neonatal sepsis continues to be an important cause 

of mortality and morbidity among newborn infants. High 
incidence rates ranging from 1-5/1000 to 49-170/1000 
have been reported, especially among LBW infants(3). 
Getabelew et al.(19) reported a very high prevalence 
(77.9%) of “probable sepsis” in Ethiopia. In Taiwan, which 
is a developing country, its prevalence was reported as 
3-9.3% in previous years(20,21). Hacımustafaoğlu et al.(22) 
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reported the prevalence of culture-positive nosocomial 
sepsis as 12% in Turkey. As can be seen, prevalence 
rates between countries, and NICUs are highly variable 
according to the development level of the countries. 
We speculate that the low prevalence rate of neonatal 
sepsis (5.5%) in our study is a result of good compliance 
of our patients with infection control measures.

Inverse relationships existed between gestational 
age, birth weight, mortality and morbidity. As the 
gestational age and birth weight decrease, the incidence 
of neonatal sepsis increases inversely. In their study, 
Harris and Goldman(23) reported the incidence rates of 
neonatal sepsis in VLBW (15-20%), and ELBW (40%) 
infants as indicated. Seo et al.(24) indicated the incidence 
rates of neonatal sepsis as 0.6% in full-term and 16.6% 
in premature babies born before 28th gestational week. 
Similarly, approximately two-thirds of the cases included 
in our study consisted of LBW, VLBW and ELBW infants. 
Likewise, approximately two-thirds of our cases were 
preterm infants. Among these, especially preterm VLBW 
and ELBW babies constituted the highest risk group. 
These infants are at risk for healthcare-associated 
infections due to their innate immunodeficiency, 
exposure to highly invasive procedures and prolonged 
hospitalizations(1,21,22,24).

EOS is a community-acquired infection transmitted 
mainly from the mother, while LOS mostly refers to 
healthcare-associated infections. In a study investigating 
the epidemiology of neonatal sepsis during the last 10 
years in the UK, the prevalence rates of EOS and LOS were 
found to be 24% and 76%, respectively(25). Getabelew et 
al.(19) reported that 65% of their cases in Ethiopia were 
EOS and 35% of them were LOS. In consistent with the 
results of the above-mentioned study performed in the 
UK, infants with EOS, and LOS comprised of 40%, and 
60% of our study population, respectively. 

Patients hospitalized in the NICU frequently undergo 
invasive procedures. Central venous catheterization, 
mechanical ventilation, TPN, and time to start first 
enteral feeding are independent risk factors for 
LOS in VLBW infants. In addition, other invasive 
procedures such as thoracic tube insertion and surgical 
interventions increase the risk of infection(26,27). Kung 
et al.(28) reported that 78% of their cases with neonatal 
sepsis had undergone tracheal intubation and invasive 
mechanical ventilation. In addition, thoracic tube 
insertion, and surgical operations had been performed 
in approximately 6%, and 15 % of their cases, respectively.

In the study of Osman et al.(29) the most frequently 
isolated microorganism was CoNS (17.5%), followed by S. 
aureus (12.5%) and K. pneumoniae (10%). According to 
a study by Kara et al.(30) from Eastern Turkey, the mainly 
isolated pathogenic agents in neonatal sepsis were 
ConNS (46.1%), K. pneumoniae (21.2%), E. coli (9.6%), 
and A. baumannii (3.8%). In their study, de Benedetti et 
al.(31) reported commonly seen pathogens of neonatal 
sepsis as K. pneumoniae (47.5%), P. aeroginosa (20%), E. 
coli (10%) and C. albicans (10%). Similarly, in our study, 
approximately 1/3 of the isolated pathogens of neonatal 
sepsis were K. pneumoniae, followed by A. baumannii 
(13.7%) and CoNS (13.3%). Fungal infections were mainly 
caused by C. parapsilosis (6.9%) and C. albicans (5.6%). 
The high prevalence of K. pneumoniae in our study 
may be due to its colonization in the environment 
and klebsiella pneumoniae outbreaks seen in certain 
periods of time. The fact that CoNS was not the leading 
pathogen in our study may be due to the acceptance 
of some isolated pathogens as contaminants. CoNS is a 
commensal microorganism of the skin, and therefore its 
isolation in blood culture may reflect contamination if 
blood samples are obtained appropriately.

Abnormal WBC counts were observed in only 2/3 
of the patients at the onset of neonatal sepsis, and in 
some series, this rate increased to 80-90%(32,33). Wu et 
al.(21) reported leukocytosis or leukopenia in 27% of their 
cases with neonatal sepsis. In our study, leukopenia, and 
leukocytosis were detected in 15.5%, and 21.5% of the 
cases, respectively. Although the most common cause of 
leukopenia was fungal infections, it was determined that 
the specific agent was mostly streptococci. In the bone 
marrow, both leukopenia and thrombocytopenia can 
occur due to cessation of maturation and insufficient 
bone marrow supply of progenitors(34). Hornik et al.(33) 
reported a high odds ratio (5.38%) and specificity rate 
(73.7%) together with a sensitivity rate (0.3-54.5%) for 
leukopenia in neonatal sepsis. These data show that 
WBC count has an important place in the diagnosis of 
sepsis, but it will not be sufficient diagnostic criterion on 
its own.

In addition to leukocytosis or leukopenia, low ANC 
and high I/T neutrophil ratios help to diagnose sepsis. 
Hornik et al.(33) reported high odds ratios (6.84-7.97), high 
specificity (99.9% and >99.8%), and low sensitivity rates 
(0.3-54.5%) for low ANS and high I/T neutrophil ratios. In 
the present study, there was a statistically insignificant 
difference between Gram-positive and Gram-negative 
bacteria and fungi in terms of causing neutropenia. 
Similar to cases with leukopenia, the most common 
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pathogens causing neutropenia were fungal strains and 
S.maltophilia was isolated in all cases of neutropenia 
(100%).

Thrombocytopenia is a non-specific finding that 
occurs late in neonatal sepsis. In a study by Lim et al.(35) 
in which they investigated the prevalence of neonatal 
sepsis and the distribution of pathogens in VLBW 
infants, they found thrombocytopenia at a rate of 50% 
in EOS and 47.3% in LOS; however, thrombocytopenia 
-though not statistically significant- was observed more 
frequently in fungal sepsis. Arif et al.(36) showed that 
thrombocytopenia was more severe in Gram-negative 
septicemia than in Gram-positive septicemia. In our 
study, although fungi, Gram-negative and Gram-positive 
microorganisms were causative pathogens in cases with 
thrombocytopenia without any statistically significant 
difference among them in terms of incidence rates. 
Among all pathogens, S. marcessens was the leading 
cause of thrombocytopenia in neonatal sepsis.

Long-term hospitalization of LBW premature babies 
in the NICU increases the risk of neonatal sepsis. In a 
study conducted in Spain, the average LOS of patients 
with nosocomial infections in the NICU was reported 
to be 30 days(37). Hacımustafaoğlu et al.(22) reported 
that the mean length of stay in the NICU of patients 
diagnosed with nosocomial infection was 67 days. The 
mean duration of hospitalization of our patients was 
39.3±32.1 days. Although the longest hospital stay was in 
sepsis caused by fungi followed by Gram-negative and 
Gram-positive bacteria, any statistical difference was not 
found among them in terms of LOS.

Parenteral nutrition is an important risk factor for the 
development of nosocomial infections. Sohn et al.(38) and 
Kawagoe et al.(39) reported that TPN increased the risk of 
neonatal sepsis by 5.7, and 4 times, respectively. In our 
study, a significant relationship was found between the 
duration of TPN and the development of sepsis, which 
is consistent with the literature. In addition, mortality 
rates were higher in patients with central catheters and 
on long-term TPN.

The mortality rates of neonatal sepsis generally range 
from 10-50%(40,41). As a result of the 6-year analysis by Wu 
et al.(21), the mortality rates of EOS and LOS were 10% and 
7%, while Martius et al.(42) a mortality rate of 10.5% for 
neonatal sepsis. Şahin and Şahin(43), reported that 7 (29%) 
of their 24 patients with neonatal sepsis died. However, 
the high mortality rate of 44% in our patients may be due 
to the inclusion of only culture-proven sepsis cases in 
this study and the fact that only cases with poor clinical 

condition were referred to our reference center hospital. 
In addition, multi-drug resistance may explain our high 
mortality rate compared to previous years.

Mortality and morbidity rates in LBW preterm infants 
are inversely proportional to gestational age and birth-
weight(44). About half of our patients were ELBW infants, 
and 60% of these infants died.

We have revealed statistically significant effect of 
birth-weight on mortality. Mortality rates in Gram-
negative septicemia and fungal infections are higher 
compared to Gram-positive septicemia(45). Similarly, 
sepsis caused by fungi, Gram-negative bacteria and 
Gram-positive bacteria, respectively, although not 
statistically significant, had the worst prognosis among 
our cases. In addition, patients with leukopenia and 
neutropenia had a worse prognosis compared to patients 
with leukocytosis.

Study Limitations
Limitations of our study were i) the prevalence of 

neonatal sepsis could not be estimated precisely because 
cases with clinical sepsis were not included in the study; 
ii) Some data concerning CRP levels, Apgar scores 
and blood gas analyzes of some patients could not be 
obtained from their medical records; iii) the prevalence 
of cases with meningitis could not be determined due 
to extremely low rates of lumbar puncture which could 
not be performed at an optimal frequency probably 
because of the hemodynamic instability of the patients 
and/or the severity of the prematurity not allowing the 
procedure; iv) since micro-CRP, one of the infection 
markers, is studied in our unit, patients are not routinely 
asked for PCT examination; v) Results of interleukin-6 
assay were not available because this test is not routinely 
performed in our hospital.

CONCLUSION 
In conclusion, neonatal sepsis is an important 

health problem of the newborn infants, which causes 
prolonged hospitalization, mortality and morbidity. The 
prevalence of culture-positive neonatal sepsis in NICU is 
5.5%. Preterm birth and LBW are crucial risk factors for 
neonatal sepsis and mortality. K. pneumoniae is one of 
the leading pathogens causing neonatal sepsis. However, 
C. parapsilosis is the pathogen with the highest mortality 
in neonatal sepsis. Fungal strains and Gram-negative 
bacteria cause leukopenia more frequently. However, 
S. marcescens is the most common pathogen causing 
thrombocytopenia. Mortality rate is higher in septic 
neonates who develop leukopenia and neutropenia. 
Prolonged parenteral nutrition increases the risk of 
sepsis and mortality.
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