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Abstract

Background: Neonatal sepsis is a systemic inflammatory response syndrome that is secondary to infection. It is a major cause of
neonatal mortality in the world, particularly in developing countries. A definitive diagnosis requires the isolation of pathogens from
a normally sterile body site, including blood, cerebrospinal fluid and urine. Empirical antibiotic therapy is based on the physician’s
knowledge of the anticipated bacterial species and their expected antibiotic susceptibilities.
Objectives: The aim of this study was to determine the prevalence and evaluate the antimicrobial susceptibility patterns of bacterial
infections at a neonatal unit.
Patients and Methods: This study was conducted at the neonatal intensive care unit and neonatal ward of Hakim hospital,
Neyshabour, Iran. Blood, cerebrospinal fluid (CSF) and urine specimens were collected before institution of empirical antibiotic
therapy. Antibiotic resistance pattern of the isolates was studied by the disc diffusion technique.
Results: Coagulase-negative staphylococci (CoNS) were the most prevalent pathogens isolated from blood specimens in early and
late-onset disease. Escherichia coli and Klebsiella were the most causative pathogens in early and late-onset urinary tract infections.
They had high resistance to our empirical antibiotic regimens. Prevalence of bacterial meningitis was low in our study.
Conclusions: Due to the increasing resistance of pathogens to usual empirical antibiotics, it is reasonable to stress upon preventive
measures, so that a minimum number of neonates develop sepsis.
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1. Background

Neonatal sepsis is a systemic inflammatory response
syndrome that is secondary to infection (1). It is a major
cause of neonatal mortality in the world, particularly in de-
veloping countries and is responsible for 30% - 50% of in-
fant mortality in these communities (2).

Neonatal sepsis is categorized according to the infant’s
postnatal age at onset of disease. Most clinicians define
early-onset sepsis (EOS) as that occurring during the first
72 hours of life and late-onset sepsis (LOS) occurring after
72 hours (1).

A definitive diagnosis requires the isolation of
pathogen from a normally sterile body site, including
blood, cerebrospinal fluid and urine (1).

Owing to non-specific symptoms, prematurity of in-
fant’s immune system and high neonatal mortality rate
due to infections, before preparing the culture and defini-
tive diagnosis, experimental antibiotics are prescribed for
these infants (3).

Empirical antibiotic therapy is based on the physi-
cian’s knowledge of the anticipated bacterial species and

their expected antibiotic susceptibilities (4).

Due to the consumption of antibiotics over time and
in different countries (developed or developing), changes
in prevalence and sensitivity of these bacteria have oc-
curred; for example, resistant bacterial strains include
gentamicin-resistant Klebsiella species, third-generation
cephalosporin-resistant gram-negative organisms, and
methicillin-resistant staphylococci (5, 6).

Therefore, continuous epidemiologic monitoring by
repeated local revisions of susceptibility patterns to antibi-
otic agents is necessary to establish a rational treatment
strategy (7).

2. Objectives

According to the importance of the early diagnosis and
selection of appropriate empirical antibiotics for neonatal
sepsis, to bring down the morbidity and mortality substan-
tially, we aimed to determine the frequency and antibiotic
resistance of pathogens at the neonatal intensive-care unit
(NICU) and neonatal ward of our hospital.
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3. Patients and Methods

Hakim hospital is a teaching hospital affiliated to
Neyshabour University of Medical Sciences, which pro-
vides high-risk obstetric services, with 9000 to 9500 an-
nual deliveries.

In this retrospective cross-sectional study, pertinent
data were obtained from the records of all newborn infants
cared for at the neonatal intensive care unit and neonatal
ward of Hakim hospital between 23 September 2013 and 22
September 2014.

At the hospital, before institution of antibiotic ther-
apy, a single specimen of half to one milliliter of blood
was collected aseptically (from peripheral vessels or from
central catheters at the time of first insertion) for culture
from all infants, who had risk factors for infection and rel-
evant clinical symptoms. The specimens were inoculated
with respect to aseptic principles into Triptycase soy broth
culture medium. The inoculated bottles were transported
immediately to the department of microbiology and incu-
bated at 37°C for 48 hours. Next, subcultures were done
on chocolate agar plates (for gram positive bacteria) and
MacConkey plates (for gram negative bacteria). The iso-
lated colonies were identified by their colonial morphol-
ogy, gram stain, conventional biochemical tests (based on
the methods of Cowan et al. ) and by using API 20 E galleries
(8).

Cerebrospinal fluid (CSF) was obtained when clinically
indicated. The CSF specimen was plated directly on blood
agar plate (BAP), chocolate agar plate (CAP) and eosin
methylene blue media (EMB) and used for gram staining.

In cases of suspected urinary tract infection (UTI),
urine specimen for culture was obtained either with the
aseptic method or with a urine bag and plated onto a blood
agar plate (BAP), an EMB media, and used for the gram
stain.

Antibiotic resistance pattern of the isolates was stud-
ied using the modified kirby baur disc diffusion technique
(9).

The results were interpreted according to the clinical
and laboratory standards institute (CLSI) (10) and when
susceptibility was intermediate, the bacteria were consid-
ered resistant.

After obtaining culture specimens, we began the pre-
scription of antibiotics, ampicillin (Ampivil, 250 mg) and
amikacin (Ipacin, 100 mg) for early onset and ampicillin
plus cefotaxime (Cephotax, 500 mg) for late onset sepsis
with a dose based on age and weight of neonate (11).

The SPSS version18 statistical software was used to per-
form the statistical analysis of this study.

4. Results

4.1. Blood

Out of 1111 blood samples, one hundred and thirty
two samples (11.9%) yielded the growth of some bacterial
pathogens, from which 86 cases (65%) were due to early on-
set and 46 cases (35%) due to late onset sepsis.

Among the studied neonates for early onset of sepsis,
66.3% were male and 33.7% were female (male to female ra-
tio of 57:29), while in late onset sepsis male to female ratio
was 22:24.

The most common organisms causing early-onset
disease were Coagulase-Negative Staphylococci (CoNS)
(33.7%), Streptococcus hemolyticus (19.8%) and Staphylococcus
aureus (17.4%). Escherichia coli and Klebsiella were the most
prevalent gram-negative pathogens in early onset sepsis
(Table 1).

Coagulase-Negative Staphylococci were also the most
prevalent in late-onset disease (34.8%), followed by staphy-
lococcus aureus (21.7%) and gram-negative organisms
(19.6%). Pseudomonas aeruginosa was the most prevalent
gram-negative pathogen in late onset sepsis (three out of
nine cases) (Table 2).

The CoNS were significantly resistant to antibiotics of
our empirical treatment. In total, 40% were resistant to
ampicillin, 20% to amikacin and 31% to cefotaxime, espe-
cially in the case of late onset sepsis for the first two (Tables
1 and 2). Twenty-six percent of cases (24% in EOS and 31% in
LOS) were resistant to vancomycin.

Twenty-four percent of Staphylococcus aureus were re-
sistant to ampicillin but none of them were vancomycin
resistant.

In the case of Streptococcus hemolyticus, 47.8% were re-
sistant to ampicillin and 8.7% to vancomycin.

Furthermore, 45.5% of gram-negative bacteria were re-
sistant to amikacin, 36.4% to gentamicin and 13.6% to cefo-
taxime.

4.2. Urine

We had 414 neonates with clinical findings suggest-
ing urinary tract infection (UTI) during the study period,
among them, 85 cases (20.5%) had a positive urine culture,
22 (26%) infants were less than three days old and 63 (74%)
infants were above the age of three days.

Male to female ratio in early onset sepsis due to UTI was
15:7 and for late onset cases was 39: 24.

The most common organisms causing early-onset dis-
ease were E. coli (36.3%), Klebsiella (31.8%), Enterobacter and
Enterococci (each 13.6%).

Escherichia coli and Klebsiella were also the most
causative pathogens in late-onset disease (34.9% and 31.7%,
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Table 1. Antibiotic Resistance of Common Organisms in Blood Culture (Early Onset Septicemia 86)a

Antibiotic CoNS29 (33.7) Staphylococcus aureus 15
(17.4)

Streptococcus hemolyticus
17 (19.8)

Strep Non hemolyticus 3
(3.5)

Gram negative bacilli 13
(15.1)

Ampicillin 10 (34.5) 5 (33.3) 8 (47) 1 (33.3) 6 (46.1)

Amikacin 6 (20.7) 1 (6.6) 4 (23.5) 1 (33.3) 6 (46.1)

Gentamicin 11 (37.9) 2 (13.3) 8 (47) 2 (66.6) 5 (38.5)

Cefotaxime 10 (34.5) 1 (6.6) 3 (17.6) 0 1 (7.7)

Vancomycin 7 (24.1) 0 2 (11.8) 0 NT

Imipenem 9 (31) 2 (13.3) 4 (23.5) 0 NT

Ciprofloxacin 4 (13.8) 1 (6.6) 1 (5.6) 0 1 (7.7)

Penicillin 12 (41.4) 7 (46.6) 7 (41.2) 0 NT

Abbreviations: CoNS, Coagulase-Negative Staphylococci; NT, Not Tested.
aValues are expressed as No. (%).

Table 2. Antibiotic Resistance of Common Organisms in Blood Culture (Late Onset Septicemia 46)a

Antibiotic CoNS 16 (34.8) Staphylococcus aureus 10
(21.7)

Streptococcus hemolyticus 6
(13)

Strep Non Hemolyticus 3
(6.5)

Gram Negative 9 (19.6)

Ampicillin 8 (50) 1 (10) 3 (50) 1 (33.3) 5 (55.5)

Amikacin 3 (18.8) 2 (20) 0 3 (100) 4 (44.4)

Gentamicin 3 (18.8) 5 (50) 0 2 (66.6) 3 (33.3)

Cefotaxime 4 (25) 3 (30) 1 (16.6) 0 2 (22.2)

Vancomycin 5 (31.3) 0 0 0 NT

Imipenem 6 (37.5) 4 (40) 1 (16.6) 2 (66.6) NT

Ciprofloxacin 4 (25) 1 (10) 1 (16.6) 0 0

Penicillin 6 (37.5) 7 (70) 3 (100) 0 3 (33.3)

Abbreviations: CoNS, Coagulase-Negative Staphylococci; NT, Not Tested.
aValues are expressed as No. (%).

respectively) followed by Enterobacter (9.5%) and Staphylo-
coccus aureus (7.9%).

Of the E. coli isolates, 36.6% were resistant to ampicillin
and amikacin and 26.6% to cefotaxime, as empirical an-
tibiotics, which were used at our hospital. Klebsiella iso-
lates, as the second leading cause of early and late onset
disease, were 22.2%, 25.9% and 18.5% resistant to ampicillin,
amikacin and cefotaxime, respectively (Tables 3 and 4).

4.3. Cerebrospinal Fluid

During the study period, 101 CSF samples were ob-
tained, out of which three samples (2.9%) were positive.

Two infants were less than three days old and the third
infant was above the age of three days. Two were male and
one was female.

In the first case, Klebsiella was isolated from CSF and
was resistant to ceftriaxone, ceftizoxime, amikacin and

gentamicin. Escherichia coliwas yielded from blood culture
at the same time.

In the other case of early onset disease, Staphylococcus
epidermidis was isolated from CSF, which was sensitive to
all antibiotics that were tested (including amikacin, gen-
tamicin, cefotaxime and vancomycin). Enterobacter grew
in blood culture, simultaneously.

In the third case, a 21-day-old boy, Staphylococcus
haemolyticus, which was resistant only to penicillin, was
yielded from CSF culture and the concomitant blood cul-
ture was negative.

5. Discussion

5.1. Blood

The prevalence of culture positive (proven) neonatal
sepsis is different in various studies. While in some stud-
ies it has been reported as high as 44.7% (Ethiopia) (12) and
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Table 3. Antibiotic Resistance of Common Organisms in Urine Culture (Early Onset Urinary Tract Infection 22)a

Antibiotic E. coli 8 (36.4) Klebsiella 7 (31.8) Enterobacter 3 (13.6) Enterococci 3 (13.6) Gram positive bacilli 1 (4.5)

Ampicillin 4 (50) 2 (28.6) 1 (33.3) 1 (33.3) 1 (100)

Amikacin 5 (62.5) 3 (42.8) 2 (66.6) 1 (33.3) -

Gentamicin 2 (25) 2 (28.6) 2 (66.6) 1 (33.3) -

Cefotaxime 3 (37.5) 2 (28.6) 1 (33.3) 2 (66.6) 1 (100)

Ceftriaxone 4 (50) 5 (71.4) 2 (66.6) 2 (66.6) 1 (100)

Cefixime 2 (25) 3 (42.8) 2 (66.6) 2 (66.6) 1 (100)

Vancomycin NT NT NT 2 (66.6) 1 (100)

Imipenem - - - 1 (33.3) -

Nitrofurantoin 3 (37.5) 2 (28.6) 2 (66.6) NT NT

Nalidixic acid 1 (12.5) - - NT NT

Abbreviations: CoNS, Coagulase-Negative Staphylococci; NT, Not Tested.
aValues are expressed as No. (%).

Table 4. Antibiotic Resistance of Common Organisms in Urine Culture (Late Onset Urinary Tract Infection 63)a

Antibiotic E. coli 22 (34.9) CoNS 3 (1.9) Klebsiella 20 (31.7) Enterobacter 6 (9.5) Staphylococcus aureus 5 (1.3)

Ampicillin 7 (31.8) 2 (66.6) 4 (20) 1 (16.6) 1 (20)

Amikacin 6 (27.3) 1 (33.3) 4 (20) 1 (16.6) -

Gentamicin 3 (13.6) - 4 (20) 1 (16.6) 1 (20)

Cefotaxime 5 (22.7) - 3 (15) 1 (16.6) 1 (20)

Ceftriaxone 8 (36.4) 3 (100) 11 (55) 1 (16.6) 3 (60)

Cefixime 12 (54.5) - 5 (25) 2 (33.3) 3 (60)

Vancomycin NT - NT NT 1 (20)

Imipenem 1 (4.5) 2 (66.6) - - -

Nitrofurantoin 5 (22.7) NT 7 (35) 1 (16.6) NT

Nalidixic acid 4 (18.2) NT - - NT

Abbreviations: CoNS, Coagulase-Negative Staphylococci; NT, Not Tested.
aValues are expressed as No. (%).

45.9% (Nigeria) (13), in other studies it is about 20% (14). It
was 11.9% in this study, which can be explained by the differ-
ent clinical criteria for suspicion of sepsis and taking blood
samples, the technique of culture (traditional culture vs.
BACTEC), quality of life and measures of health care and
hospital services in various countries (15, 16).

In our study, early onset sepsis was more prevalent
than late onset sepsis (65% vs. 35%), which is in agreement
with previous reports (17). However, the opposite was doc-
umented in some other previous studies (18).

The high male to female ratio in early onset sepsis cor-
responded with previous studies, which have considered
the male gender as a risk factor for neonatal septicemia
(19).

In our study, gram-positive cocci, specifically CoNS,
were more common in both EOS and LOS compared to
fram-negative bacteria. Similar findings were obtained
in other studies from different countries such as Egypt,
China, Mexico, south Africa and Kenya (18). High rates of
CoNS infections were reported in the middle east, south-
east Asia and Latin America (20).

In previous studies from other regions of our country,
different causative pathogens were reported as the most
prevalent causes of neonatal bacteremia. In some studies,
gram-negative bacteria such as Klebsiellawere the predom-
inant cause of neonatal sepsis, especially in LOS, while in
other studies CoNS were more common to cause neonatal
sepsis (14, 21). In one study, the most common isolated or-
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ganism from blood cultures was Flavobacterium (22).
The extensive use of invasive devices to care for

immunologically-immature neonates, especially preterm
and low birth weight (LBW), is the main cause of CoNS bac-
teremia in NICU; determination of the identity of CoNS
isolates whether being true pathogens or contaminants
is still problematic (16). It cannot be ruled out that some
CoNS isolates might have been a consequence of a contam-
ination. However, the results of our study showed the pat-
tern of bacterial susceptibility to antibiotics and therefore
such cases, if present, are pertinent for the study (7).

Ampicillin and aminoglycoside (amikacin) are the
first-line empirical antibiotics used in our NICU for early
onset sepsis. Coagulase-Negative Staphylococci, as the
most prevalent organism, are 40% resistant to ampicillin
and 20% resistant to amikacin. The following two other
prevalent causes (Streptococcus haemolyticus and Staphylo-
coccus aureus) are also relatively resistant to this regimen
(Table 1). Despite other previous studies (7, 14, 17, 23, 24),
26.6% of CoNS and 8.7% of Streptococcus hemolyticus strains
were also partially or completely resistant to vancomycin.
Overall, 13.6% and 50% of gram negative bacteria, as the
third leading cause of late onset sepsis, were respectively
resistant to cefotaxime and ampicillin, the two antibiotics
in our empirical treatment for late onset sepsis.

Despite the high resistance of common pathogens to
empirical antibiotics used at our hospital, second line an-
tibiotics such as vancomycin, imipenem and quinolones
could not be recommended to be used as empirical an-
tibiotics for reserving certain drugs to combat against
emerging resistant strains (7). Thus, we should stress more
upon preventive measures, so that a minimum number
of our neonates develop sepsis. These preventive mea-
sures should focus on recognition of high-risk infants,
strict asepsis during labor and early institution of exclu-
sive breast-feeding (25).

5.2. Urine

In our study we found that the prevalence of proven
UTIs among clinically suspected cases of UTI was 20.5%,
which corresponds with the results of some previous stud-
ies (26). However, the results in this case are also very dif-
ferent from 7.5% (27) to 41.3% (28).

The difference in the prevalence of UTI in various stud-
ies may be explained by the selection of neonates from dif-
ferent locations. While in some studies patients were se-
lected only from NICU admitted neonates, who are more
susceptible to infection, in other studies nursery admitted
neonates (as our study) and even outpatient neonates were
also included. The difference probably reflects variations
in population characteristics and in predisposing factors

(28). Method of sample collection (only suprapubic aspira-
tion or samples collected with a bag) was also very impor-
tant.

Because several urine samples in our study were col-
lected with a urine bag, it is possible that some positive cul-
ture results are due to contamination but as mentioned for
CoNS isolates in blood culture, our results demonstrate the
pattern of bacterial susceptibility to antibiotics and there-
fore isolates, which were isolated as a consequence of a
contamination, are still pertinent for the study.

In our study, there was a higher prevalence of UTI in
males compared with females and this is in agreement
with similar studies, which found that males are more af-
fected than females with UTI in the neonatal period (29).

In our study E. coli and Klebsiella were the most com-
mon causes of UTIs in early and late onset sepsis, which
is consistent with other previous studies (27, 28, 30), yet
unlike previous studies, they have high resistance rates
to aminoglycosides (Tables 3 and 4). In the case of
cephalosporins, they have acceptable susceptibility to ce-
fotaxime (73.4% for E. coli and 81.5% for Klebsiella), but are
resistant to ceftriaxone in 40% and 59.2% of cases, respec-
tively which is also in contrast with previous studies (30-
33). Choosing cefotaxime as an appropriate empirical an-
tibiotic for the treatment of UTI, before obtaining the mi-
crobiologic results, seems reasonable in our hospital.

5.3. Cerebrospinal Fluid

In this study, the prevalence of bacterial meningitis
in suspected cases was 2.9%. Two previous studies have
reported prevalences of 4.4% and 5.4% for culture-proven
bacterial meningitis in suspected neonates (34, 35).

It is likely that the incidence of bacterial neonatal
meningitis remains underestimated. Several studies have
highlighted this underestimation, both for early- and late-
onset meningitis (36). Nearly 30% of bacterial meningitis
cases in infants are not diagnosed when only one blood cul-
ture is performed to confirm neonatal infection (37). The
low prevalence can also be due to antibiotic administra-
tion before CSF culture and the lack of investigation for
anaerobic bacteria.

Previous studies have shown that bacterial meningitis
is slightly more common in boys, which is consistent with
our results (38).

Klebsiella and strains of Staphylococcus are common
pathogens for neonatal meningitis (39).

In other studies it has been determined that 62% of
patients had a concomitant-positive blood culture, and in
3.5% of cases, as in our study, the organisms isolated were
discordant; in each case, the CSF pathogen required differ-
ent antimicrobial therapy than the blood pathogen (40).
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