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Background & Obijective: Neonatal sepsis is one of the leading causes of
mortality in neonatology wards. The aim of this study was to assess sepsis pathogens
and antibacterial resistance patterns in a teaching hospital during seven years in
Tehran, Iran.

Methods: In this retrospective study, all neonates suspected to sepsis and
fulfilling the sepsis criteria admitted to NICU ward of Mustafa Khomeini Hospital,
Tehran, Iran during 2007 to 2014 were included. Demographic information, blood
test results, blood culture results of neonates and antibiogram findings were extracted
from their documents. Data was analyzed using SPSS 15.

Results: Ninety neonates with positive culture test were included. Fifty-three
were male (58.9%). Thirty neonates were delivered vaginally (33.3%) and 60
caesarean section (66.7%). Most bacterial growths in culture were Staphylococcus
aureus and E. coli. The rates of resistance for antibiotics like ceftriaxone, cefotaxim
and gentamycin were 5%, 30% and 15%, correspondingly. There were 15 cases
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(16.7%) with resistance to imipenem.
Conclusion: Antibacterial resistance patterns vary in different parts of the world

and even within a country, therefore assessing resistance patterns in a region is of
great importance for proper management and treatment. Our findings might help
physicians for proper selection of antibiotics for treatment of neonatal sepsis.
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Introduction

Neonatal septicemia is microbial growth in the
blood of a neonate accompanied with clinical
manifestations. Septicemia is one of the most
common neonatal diseases worldwide (1-3). One of
the reasons of neonatal septicemia s
undevelopment of immune system in this group (4,
5). Sepsis is more prevalent in premature neonates
and those with low birth weight (6). It may reach
30% in very low birth weight under intensive care
(7). Dangerous complications include meningitis
and brain abscess leading to severe morbidity and
mortality. While mortality due to meningitis has
been decreased in the recent years (50% in 1972 to
less than 10% in 1977), neurologic complications
are of major problems of these neonates (8-10).
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Neonatal sepsis is manifested as early onset or late
onset. Early onset septicemia initiates at first 96
hours of life (4 days) with a high mortality rate,
usually originated from mother genitalia
microorganisms.  Different reasons including
delivery type, premature delivery, premature
rupture of membrane, uterine inertia, fever and
maternal infection increase the probability of sepsis
(12).

The most important factor in decreasing neonatal
mortality and its comorbidities is prompt diagnosis
and treatment. Definite diagnosis of sepsis is based
on bacterial culture methods, which may be time
consuming and sometimes leading to some
complications (12, 13).
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Age and immune status of neonate are very
important to define the response of body to sepsis.
Causative microorganisms vary in different regions
including Streptococcus group B, Escherichia coli,
Klebsiella, Listeria monocytogenes and
Haemophilus influenza. Therefore, epidemiologic
studies are of great importance in each region. In
premature  neonates,  coagulase  negative
Staphylococcus is more prevalent. Candida spp.
should be also considered. In older children with
fever and intact immune system, most common
pathogens include S. pneumonia, L monocytogenes
and H. influenza. In children under five years,
Salmonella, Staphylococcus  aureus and
Streptococcus group A are causative pathogens.
Children with pyelonephritis often suffer gram
negative bacteremia like E. coli.
Immunocompromised children (like those without
spleen, sickle cell anemia, neutropenia, malignancy,
AIDS or foreign body aspiration) are infected with
a wide spectrum of microorganisms and are more
prone to septicemia; fungal infection may also occur
in these children (14-17).

In some patients, bacteremia is accompanied with
local infections (like pyelonephritis, pneumonia,
cellulitis,  osteomyelitis,  endocarditis  and
meningitis). In such situations, when there is a
suspicion to bacteremia, blood culture is performed
to definite the diagnosis and intravenous wide
spectrum antibiotics are administered (18).

Septic shock is caused by body reaction to microbial
products such as peptidoglycans of Gram-positive
bacteria and lipopolysaccharides of Gram-negative
organisms. Lipopolysaccharides, peptidoglycans
and lipoproteins are introduced to macrophages by
toll-like receptors, which induce the immune
cascade against the microorganisms (19).

Early onset sepsis is a severe multiorgan disease
manifested with pulmonary failure, shock,
meningitis, DIC (Disseminated Intravenous
Coagulation) and acute tubular necrosis. Late onset
sepsis is usually occurred in healthy neonates
discharged from the neonatal ward (20).

Hospital sepsis (until day eight of discharge) is
mostly occurred in preterm children in neonatal
intensive care unit. The infection is occurred mostly
due to NICU infection with multidrug resistant
species.
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When the neonate is febrile and a toxic appearance
(tachycardia, agitation, lethargy, hyperventilation
and decreased peripheral perfusion), septicemia is
strongly suspected. History taking and physical
examination may reveal the disease origin (21).
Primary symptoms resemble many other infections.
Shivering, hyperventilation, tachycardia,
hypotension and reduced peripheral vascular
resistance are some signs and symptoms. Skin
rashes like petechial and purpuric lesions are
pathogenic for meningococcemia. Pseudomonas
aeruginosa has specific skin lesions called the
Bull’s eye lesions. DIC may also occur with
purpura and hemorrhage from blood sampling sites.
Hypotension may lead to peripheral gangrene,
anuric renal failure and lactate acidosis (22).
Gender might have an effect on the incidence of
sepsis in newborns, but the results of different
performed studies are controversial. For instance, a
study in Mofid Hospital showed that male to female
ratio was 1.7 (23). However, in a study performed
on 5447 neonates with sepsis, there was no
meaningful difference between genders (24).

As mentioned above, preterm neonates are at risk of
acquiring neonatal sepsis. For example, sepsis was
not common in preterm neonates (1.5% prevalence
of sepsis in preterm neonates), but 37% of them
died, indicating that preterm is still an important risk
factor of mortality (24).

The aim of this study was to assess bacterial agents
and antibiotics resistance patterns in neonatal sepsis
of Mostafa Khomeini Hospital of Tehran, Iran.

Material and Methods

This retrospective cross-sectional study was
performed during 2006 and 2014 in Mostafa
Khomeini Hospital, Tehran, Iran. All neonates
suspected to sepsis confirmed by positive results for
blood culture were enrolled in this study. Ninety
patients fulfilled the inclusion criteria. Patients’
information was extracted from hospital documents.
Data including sepsis type, age, gender, type of
cultured pathogen, delivery method, antibiogram,
mortality rate, premature rupture of membrane and
birth body weight were recorded. Antibiogram was
performed using antibiotics disks on Muller-Hinton
plates. Results were read 48 hours later by a
professional technician. Assessment was performed
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by measuring the halo diameter on millimeter and
using special antibiogram charts. Sepsis in first 96
hours after birth was considered as primary sepsis
and after it as secondary sepsis.

Ethical aspects were observed and informed consent
was taken from subjects’ parents.

Data were recorded in researcher made forms and
then entered SPSS 16 (SPSS Inc., Chicago, IL,
USA). Descriptive and analytic analyses were
performed using mean, standard deviation, Chi-2
and t test.

Results

Overall, 90 neonates had positive results for
blood culture considered as sepsis. Fifty-nine
(65.6%) neonates had primary sepsis and 31 (34.4)
had late sepsis. Regarding birth body weight, one
neonate weighted below 1000 gr, one between 1000
and 1500 gr, 41 between 1500 and 2500 and 47
more than 2500 gr. Overall, 47.8% weighted below
2500 gr. Fifty-three were male.
Regarding the etiologic pathogen, 27 neonates
(30%) had sepsis due to coagulase negative

Staphylococcus. Twenty-four (26.7%) S. aurous, 12
(13.3%) E. coli, 10 (11.1%) Klebsiella, 6 (6.7%) P.
aeruginosa, 7 (7.8%) S. epidermidis, three (3.3%)
Enterobacter and one (1.1%) group D
Streptococcus. Thirty (33.3%) neonates were
delivered by normal vaginal delivery and 60
(66.6%) by cesarean section. Fifty-six neonates
(62.2%) were delivered on maturity and 34 (37.8%)
premature. Overall, pathogens isolated from 88
(97.8%) neonates had resistance to at least one
antibiotic examined and two neonates had no
resistance to any of the examined antibiotics. Six
neonates (6.7%) died due to sepsis and 84 (93.3%)
discharged. Forty-six neonates (51.1%) had
premature rupture of membrane and 44 (48.9%) did
not.

Using Chi-2 test, there was no significant and
meaningful difference between pathologic agents in
the two groups of early and late sepsis. Pathologic
agents in the two groups of early and late sepsis are
shown in Table 1.

Table 1: Pathologic Agents in the Study Neonates in Early and Late Sepsis

Bacteria

Coagulase negative Staphylococcus
Staphylococcus aurous

Klebsiella

Pseudomona aeruginosa
Staphylococcus epidermidis
Enterobacter

Group D streptococcus

Escherichia coli

Regarding age, there was no meaningful
difference in terms of pathologic agent between
male and female neonates using Chi-2 test for each
bacterium separately (P=0.509). Regarding delivery
type, there was no meaningful difference in terms of
pathologic agent between NVD (Normal Vaginal
Delivery) and C-section using Chi-2 test (P=0.282).
However, there was no meaningful difference in
terms of pathologic agent between neonates with
and without premature rupture of membrane using
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Chi-2 test (P=0.218). There was no meaningful
difference in terms of pathologic agent between
neonates with different weights (P=0.218). In
addition, mortality rate did not differ significantly
between sepsis caused by different bacteria. Despite
the fact, there was a meaningful difference
regarding pathologic agents between mature and
premature neonates (P=0.03); for instance, E. coli
was only detected in mature neonates and no case of
E. coli infection in premature ones. Antibiotic
resistance patterns of different bacteria are depicted
in Table 2.
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Table 2: Antibiotic Resistance Patterns of Different Bacteria

Coagulase S. Klebsiella P.
Negative aurous aeruginosa
Staphylococcus
Co-amoxyclave 2 1 8 0
Cefexime 0 0 0 0
Piperacillin 0 3 0 0
Cefotaxim 11 7 0 1
Imipenem 10 0 0 0
Ticarcillin 0 0 0 0
Cotrimoxazole 0 6 0 0
Ampicillin 15 8 3 4
Gentamycin 3 1 5 4
Nitrofurantoin 0 0 5 0
Amikacin 0 0 5 3
Oxacillin 17 14 1 0
Clindamycin 16 13 0 2
Ciprofloxacin 4 8 2 1
Ceftrizaxon 3 1 0 0
Carbenicillin 0 0 2 3
Cefalexin 0 1 0 0
Ceftriaxone 0 1 4 0
Cefalotin 1 7 8 1
Tetracycline 6 0 0 0
Rifampin 0 2 0 0
Methicillin 1 3 0 0
Erythromycin 14 11 0 1
Chloramphenicol 3 3 0
Penicillin G 25 20 0 1
Neomycin 0 1 0 0
Total 116 97 43 21
Discussion

Sepsis is one of the most important causes of
neonatal mortality. Around 2% of fetus have
intrauterine infection and 10% in the first month of
their life. Of 90 patients with positive results for
blood culture, 53 were male and 37 females (male
to female ratio=1.43). However, in a study
performed on 5447 neonates with sepsis, there was
no meaningful difference between genders (24). Of
total patients, 65% had early sepsis and the other
had late one. Early sepsis is more common in
developed countries (25). Regarding maturity, 62%
of neonates were term and 38% preterm. Sepsis was
not common in preterm neonates (1.5% prevalence
of sepsis in preterm neonates), but 37% of them
died. Indicating that preterm is still an important
risk factor of mortality (24). In total, 33% of
neonatal sepsis in our study were born by NVD and
66% by C-section.

Several studies had been performed on sepsis in
developing countries, in which Gram-negative
bacteria had been the main causative agents. For
instance, Klebsiella and Pseudomonas were the
main causative agents in India for neonatal sepsis
(26). Microorganisms involved in sepsis differ in
neonates of different regions. Stoll reported Group
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B streptococcus as the most common agent in the
America, but in non-American countries,
Staphylococcus aurous was the most common agent
(27).

The novelty of this study was assessing
resistance patterns to different antibiotics, which
help proper selection of treatment regimen. The
least resistance in our study was to Cefixime,
Ticarcillin and cephalexin with only one isolate
being resistance. Therefore, it is concluded that
these three antibiotics may be used with good
efficacy in the treatment of neonatal sepsis.

On the other hand, the most resistance in our
study isolates was against Ampicillin and penicillin
G with 40 and 51 isolates. In this study, we assessed
resistance patterns against 26 antibiotics, which is a
strong point of the current study. Resistance patterns
of this study should be used for selecting antibiotics
regimen for treatment of neonatal sepsis.

At present, sepsis treatment in our country is
mostly based on foreign investigations in other
regions, which cannot be truly generalized to our
settings due to social, cultural and geographical
differences. This study could shed light for
experimental treatment of neonatal sepsis in our
country for more accurate and effective treatment.
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Larger studies in different health care centers of the
country can provide more comprehensive
information. In addition, using different culture
media and repeating the examinations when
necessary or analyzing the cerebral fluid in case of
treatment failure may improve diagnosis and
treatment probability.
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