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The spectrum of bacteria which cause neonatal sepsis varies in different parts of the world. Antibiotic resistance
is an increasing problem of these bacteria. The aim of this study was to detect the most common bacterial
causes of neonatal sepsis and determination of their sensitivity to antibiotics. In a descriptive cross-sectional
study, records of the neonates suspicious to neonatal sepsis who were admitted to Neonatal Intensive Care Unit
(NICU) were assessed. Neonates with positive blood culture along with clinical signs of sepsis were entered in
the study. Evaluated data included: age, sex, birth weight, type of infection, type of isolated pathogen, antibiotic
sensitivity and disease outcome. Of 3700 screened blood cultures, 153 (4.1%) reported as positive, 76.5% of the
evaluated neonates were preterm, 142 (92.8%) had gram negative sepsis and 11 (7.2%) had gram positive sepsis.
The most common isolated gram negative bacteria were Klebsiella pneumoniae (46.4%), enterobacter spp.
(17.6%) and Escherishia coli (14.4%) . Coagulase negative staphylococci (CONS) were the most prevalent gram
positive bacteria (5.9%) in this study. All of the klebsiella and enterobacter strains were resistant to ampicillin
and gentamicin. The sensitivity of K. pneumoniae and enterobacter to imipenem was: 90 and 92.5%, respectively.
Prevalence of early and late- onset sepsis was 64.7 and 35.3% respectively. Mortality rate of sepsis in this study
was reported as 53.5%. In conclusion, the most common cause of bacterial sepsis in this study was K.
pneumoniae which was completely resistant to ampicillin and gentamicin. So empirical treatment of sepsis with
ampicillin and gentamicin in Imam Khomeini NICU must be reconsidered.
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INTRODUCTION

Neonatal sepsis is defined as a disseminated disease  for mortality and morbidity in neonates and its mortality
with positive blood culture during the first month of life rate is about 20 to 50%. Mortality rate in neonatal sepsis

(Edwards, 2006), and is more common in developing jffers according to the type of organism involved. Gram
countries compared with developed countries (Vergnano  negative bacteria and enterococci cause the highest
etal., 2005). Sepsis neonataroum is an important factor mortality rate in neonatal sepsis (Karunakaran et al.,

2007). Spectrum of organisms which cause neonatal
sepsis varies in different countries and sometimes
changes from one center to another within the same
country (Desinor et al., 2004). The most common causes
of neonatal sepsis are group B streptococci (GBS),
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Escherichia coli (E. coli) and Listeria monocytogenes in
developed countries and gram negative bacteria and
coagulase- negative staphylococci (CONS) in developing
countries (Palazzi et al., 2006). Neonatal sepsis is divided
into early- onset (from birth to the end of 7 days
postnatal) and late onset (from 8 to 28 days postnatal).
Due to different pathogens involved in neonatal sepsis of
either onset, appropriate management and care depends
on our knowledge about the causative organisms and
their sensitivity to antibiotics. So results of the studies in
other parts of the world are not suitable for the
management of neonatal sepsis in the regions that no
study has been done (AL-Zwaini, 2000).

The aim of our study was to detect bacterial pathogens
responsible for early and late- onset neonatal sepsis and
determination of their antibiotic sensitivity, gender
frequency and mortality rate of neonatal sepsis in
neonatal intensive care unit (NICU) in Ahvaz Imam
Khomeini Hospital, Iran.

MATERIALS AND METHODS

In a cross- sectional descriptive study, over a period of 54 months
(from April 2004 to September 2008), 3700 neonates with clinical
signs and symptoms suggestive of neonatal sepsis, who were
admitted to NICU in Ahvaz Imam Khomeini Hospital, Iran, were
assessed inclusion criteria were neonates with respiratory distress,
poor feeding, fever, hypothermia, signs of gastrointestinal or central
nervous system involvement with a positive blood culture. Exclusion
criteria were multiple congenital malformations, chromosomal
disorders and newborns who were referred from other wards.
Studied neonates were divided into two groups according to timing
of clinical signs as early- onset (clinical sings of sepsis from birth to
7- day old) or late-onset (clinical signs of sepsis from 8 to 28- day
old) infections. Neonates were also classified into normal birth
weight (birth weight 2500 gr) and low birth weight (birth weight<
2500 gr) and also into those with term (gestational age 38 weeks)
and preterm (gestational age< 38 weeks) according to gestational
age. Blood culture, chest X-ray and laboratory tests including cell
blood count (CBC), and blood sugar (BS) and electrolytes were
performed for all subjects. For neonates 3 days, urine analysis and
urine and cerebrospinal fluid (CSF) cultures were also performed.

Samples for blood culture were obtained with aseptic method
from peripheral veins (2 ml for each blood culture). Blood samples
were inoculated into the broth culture media (Trypticase Soy Broth)
and incubated for one week in 37°C (Forbes et al, 2002) and were
checked daily for evidence of bacterial growth. For positive broth
cultures, subcultures were made on solid media (Blood agar and
McConkey agar) and were incubated in 37°C for 24 to 48 h. The
grown bacteria were identified by colony morphology, gram stain
and standard biochemical tests (Forbes et al., 2002). The antibiotic
susceptibility testing was performed for identified bacteria as per
Clinical and Laboratory Standards Institute guideline (CLSI, 2002).
The antibiotic disks were purchased from Padtan Teb Co., Tehran,
Iran, and their concentrations per disk (ug) comprised:

Penicillin (10), ampicillin (10), cefotaxime (10), gentamicin (10),
amikacin (10), ciprofloxacine (30), vancomycin (30), and imipenem
(20).

Statistical analysis were done by SPSS version 15. Fisher's exact
test was used for comparison of disease outcome between

neonates with early and late-onset sepsis. P values less that 0.05
was considered as significant.

RESULTS

Positive blood cultures were obtained for 153 neonates
(4.1%). Among these, 142 (92.8%) had sepsis with gram
negative bacteria with 121 (79%) positive cultures for
species belonging to enterobacteriaceae family and 11
(7.2%) with gram positive bacteria. The most common
isolated gram negative bacteria were Klebsiella
pneumoniae (46.4%), enterobacter spp. (17.6%) and E.
coli (14.4%). CONS were the most isolated prevalent
gram positive bacteria (Table 1). Based on the results
from susceptibility testing, all of the K. pneumoniae and
enterobacter spp. isolates were resistant to ampicillin and
gentamicin. K. pneumoniae resistance to cefotaxime was
95.8%. However this species showed 90% sensitivity to
imipenem (Table 2). Acinetobacters showed the highest
antibiotics resistance to imipenem among the isolated
gram negative bacteria in this study (69.4%). All of the
isolated gram positive bacteria were resistant to ampicillin
and penicillin and sensitive to vancomycin. Among
neonates with sepsis, 99 patients (64.7%) had early —
onset and 54 (35.3%) had late-onset neonatal sepsis. K.
pneumoniae was the most common pathogen in both
early —onset (41 cases- 41.4%) and late-onset (30 cases-
55.6%) sepsis. Among 153 newborns with sepsis, 177
(76.5%) were preterm and 36 (23.5%) were term. There
was no significant correlation between gestational age
and type of pathogens in this study (P = 0.139).

Similarly, no significant relationship was found between
birth weight and type of neonatal sepsis. There were 112
(73.2%) neonates with low birth weight and 41 newborns
(26.7%) with normal birth weight. Considering sex
preponderance there were more cases of sepsis in male
neonates compared with female neonates (102 male and
51 female with 2:1 ratio). The mortality rate was 53.5 %
(82 cases: 52 male neonates and 30 female neonates) in
this study (Table 3). There was no significant correlation
between mortality rate and type of causative pathogen,
early or late-onset sepsis and neonate sex. However,
significant relationship was observed between gestational
age and mortality rate in this study (P = 0.2).

DISCUSSION

In this study, the prevalence of documented neonatal
sepsis with positive blood culture was 4.1%. This
incidence was much lower than the prevalence of positive
blood cultures in Rahman et al. (2002) study (62.8%) and
Bhttacharjee et al. (2008) study (48%). The lower
prevalence of documented neonatal sepsis with positive
blood culture in our study had different reasons such as
antibiotic administration in mother or neonate, difficulty in
sampling, blood culture technique (Bansal et al., 2004) or



Table 1. Type and number of bacterial isolates in neonates with sepsis based on the sepsis onset.

Microorganism

Onset of sepsis

Early-onset (%) Late-onset (%) Total (%)
Klebsiella pneumoniae (41.4)
Enterobacter spp. (16.2)
E. coli 16 (16.2) 22 (14)
Pseudomonas aeruginosa
Acinetobacter spp.
Citrobacter spp. 0 (0)
CONS 9(9.1) 0 (0)
Staphyloccus aureus 0 (0)
Enterococcus 1(1) 0 (0)
Total

CONS: coagulase negative staphylococci.

Table 2. Antimicrobial susceptibility pattern of isolated bacteria to commonly used antibiotics in present study.

Antibiotics no. (%)

Organism (no.)

AM AMK CTX CIP GM IMP
K. pneumonia (71) 0(0) 22(30.9) 3(4.2) 32(45) 0(0) 64(90)
Enterobacter (27) 0(0) 14(51.8) 0(0) 13(48.1) 0(0) 25(92.5)
E. coli (22) 0(0) 10(45.4) 0(0) 11(50) 4(18.1) 18(81.8)
Acinetobacter (13) 0(0) 4(30.6) 0(0) 7(53.8) 2(15.3) 4(30.7)
P. aeruginosa (12) 0(0) 7(58.3) 0(0) 3(25) 10(83.3) 9(75)

Key: AM: ampicillin; AMK: amikacin; CTX: cefotaxime; CIP: ciprofloxacine; GM: gentamycin; IMP: imipenem.

Table 3. Treatment outcome (No. of cases) according to sex, birth weight and type of sepsis.

Female/male Weight 2500 Weight < 2500 Late onset Early onset
Recovery 21/50 23 48 26 45
Death 30/52 18 64 28 54
Total 51/102 41 112 54 99

sepsis due to anaerobic, viral or fungal pathogens
(Agnihotri et al., 2004) and misdiagnosis because of
some similarities between the clinical signs of sepsis with
other diseases like metabolic disorders (Lund et al.,
2002). In current study, early onset sepsis was more
common than late- onset sepsis (64.7 versus 35.3%).This
finding was similar to the results of the Vinodkumar et al.
(2008) study which the reported prevalence of early onset
neonatal sepsis was 73%. On the contrary, Kuruvilla et al.
(1998) reported the higher prevalence of late-onset
sepsis compared with early-onset (77.1 versus 22.9%).
This difference may be due to more referral of preterm
labors and preterm newborns to our center. Neonatal
sepsis with gram negative bacteria was more common
than gram positive bacteria in our study and these results
were in concordance with some of other studies (Isaacs

and Royal, 1999; Sundaram et al., 2009). These results
may be because of the colonization of gram negative
bacteria in the skin of the neonates and the personnel of
neonatal wards and use of less invasive procedures. In
our study K. pneumoniae was the most common
microorganism isolated from the blood cultures. This
finding was similar to the results of Kumar et al. (2002),
and was dissimilar to a recent study from Iran showing
the CONS as the most common isolated bacteria (Gheibi
et al., 2008). No GBS colonies were isolated from
cultures in our study as previously reported from both
developed and developing countries (Ahmed et al., 2002;
Aurangzeb and Hameed 2003). This may be due to lower
colonization of pregnant mothers with GBS or weak
virulence of these bacteria. A large number of gram
negative and gram positive bacteria, were resistant to



one or more type of antibiotics which was in agreement to
similar studies (Lund et al., 2002; Vinodkumar et al.,
2008). Nowadays antibiotic resistance is a widespread
global problem that has been caused ineffectiveness of
current empirical treatment against gram negative
bacteria. As we observed in the current study, all of the
klebsiella and enterobacters which were the most
common cause of bacterial sepsis were completely
resistant to current empirical treatment protocol
(ampicillin+ gentamicin). These are the first line treatment
for sepsis according to World Health Organization (WHO)
recommendation. Antibiotic resistance can cause many
difficulties in the treatment of sepsis such as increase in
mortality rate, duration of hospitalization and treatment
expenses. So it is necessary that antibiotic treatment
program is reevaluated continuously (Goossen, 2000).

In this study male to female ratio in sepsis was 2 to 1
which was close to the results of Mosayebi et al. (2003)
study. Higher susceptibility to sepsis has been shown in
male sex and its reason is unknown but it may be related
to sex —dependent factors (Llorens, 2004). In our study
mortality rate in sepsis with gram negative bacteria was
53.5% which was higher compared with that reported in
Khassawneh et al. (2009) study which was reported as
30.9%. According to the result of this study, we can
conclude that 1. gram negative bacteria were the main
cause of early and late-onset neonatal sepsis in our
center and K. pneumoniae was the most common
pathogen; 2.many of the isolated bacteria from sepsis
were resistant to the used antibiotics; and 3. the mortality
rate due to neonatal sepsis was higher compared with the
other studies. So reconsideration in empirical antibiotic
therapy seems necessary in our hospital.
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