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Abstract

Infections cause significant mortality and morbidity in children. Although there are various antibiotics
that can be used to combat bloodstream infection, resistant strains have subsequently emerged.
A prospective study was carried out for one month period in 55 hospitals from 12 provinces
representing different geographical areas in Iran. The aim was to determine the pattern of pathogens
and their antimicrobial sensitivity among children. Of 1143 blood specimens tested from various
hospitals, bacteria were isolated from 715 of children from one month to three years old age. The
predominant isolated pathogens from blood specimens were Gram-positive bacteria in 301 (65.25%)
patients, mainly 198 (65.78%) coagulase-negative Staphylococci. The Gram-negative bacteria were
140 (31.74%). About 66% of the Gram-positive bacteria were coagulase-negative Staphylococci, while
the gram-negative bacteria were mainly (Escherichia coli, Enterobacter spp, Klebsiella pneumoniae,
and Pseudomonas spp.). The majority of S. aureus were resistant to Oxacillin, Co-trimoxazole,
Cephalotin, and Ampicillin. About two - third of the E. coli and K. pneumonia were resistant to
Cephalotin.
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Introduction

Bloodstream infections (BSI) are pote-
ntially life-threatening and require rapid
identification and also antibiotic susce-
ptibility testing of the causative agent in
order to facilitate specific antimicrobial
therapy (1). Despite advances in anti-
microbial therapy and supportive care,
bacterimia continues to be a major cause
of morbidity and mortality among
children. In developing countries, more
than 14 million deaths of children under
five years of age (2). occur during the
childhood, with infections accounting for
up to 70% of total mortality for this age
group (3-4).
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Around the world is estimated 10 million
children under the age of 5 years die each
year, the vast majority (90%) in a mere 42
countries. Of the major causes of death
among children, are infections such as
newborn sepsis (5). The organisms respo-
nsible for bacteremia vary across
geographical boundaries. Organisms like
E. coli, Klebsiella spp., Staphylococcus
aureus, Coagulase negative staphylococci
(CoNS), Pseudomonas spp., Salmonella
spp. and Acinetobacter spp. are potential
pathogens in bacterimia because of their
frequent  isolation and  multi-drug
resistance which has reached worrying
levels (6-7).
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Furthermore, few epidemiological studies
of bacterimia undertaken in the Middle
East and in other developing countries
(8 -9) have shown important differences in
the pattern of antibiotic susceptibility of
gens compared with studies in patho-
European and American countries (10-12).
The emergence of antimicrobial resistance
is recognized as a major contributor to
excess morbidity and healthcare costs in
developed countries. Despite the availabi-
lity of newer antibiotics, emerging
antimicrobial resistance has become an
increasing problem in many pathogens
throughout the world (13-14). For
practising physicians, clinical microbiolo-
gists and public health officials, know-
ledge of local antimicrobial resistance
patterns is essential to guide empirical and
pathogen-specific therapy. This informa
tion is also critical for optimal decisions
regarding hospital formulary and infection
control  policies, for the rational
formulation of public healthcare policies,
and national and international research
agendas in that area. Unfortunately, data
regarding endemic antimicrobial resis-
tance are unavailable in many parts of the
world, especially from areas where over-
the-counter antibiotic use is common.

In the USA alone, 10-20% of nosocomial
infections are estimated to involve the
bloodstream, resulting in 90 000 fatal
cases each year. Appropriate antimicrobial
treatment of BSls is critical in decreasing
morbidity and mortality due to BSIs (15).
In  developed countries, nationwide
surveillance programmes such as the
National Nosocomial Infections Surveilla-
ance (NNIS) System monitor the
prevalence of bacterial pathogens and their
antimicrobial resistance patterns and
periodically publishes reports (16).
Unfortunately, in many parts of the world,
particularly Iran, such national surveil-
lance programmes are absent and
information regarding the prevalence of
BSI pathogens and their antimicrobial
susceptibility patterns is scarce.

To shed some light on the frequency and
susceptibility patterns of endemic BSI
pathogens in Iran, we investigated the
predominant pathogens responsible for
blood infection and antimicrobial
susceptibility patterns of these isolates
from children in 55 hospitals representing
different geographical areas in Iran during
one month period (July to August), 2006.

Materials and methods

Study design

It is a routine practice in our standard
hospitals, to disinfect skin with 70%
alcohol followed by 2% povidone-iodine
before collecting blood samples. Blood
samples were transferred to blood culture
media (Saba Company, Iran) and immedi-
ately transported to the hospital’s
microbiology laboratory. All  blood
cultures were incubated at 35 °C for at
least 2 weeks. Negative bottle cultures
were discarded.

Organism isolation and identification
Isolates were identified by gram staining
and conventional biochemical tests (17).

Susceptibility testing

Antimicrobial susceptibility testing was
done by disc diffusion method according
to the Clinical and Laboratory Standard
Institute (18) using the following antibio-
tics from Patan Teb, Iran: Oxacillin,
Penicillin, Erythromycin, Cipr- ofloxacin,
Ceftriaxone, Co-trimoxazole, Gentamicin,
Cephalotin, Vancomycin, Amikacin, Cep-
hradine, and Ampicillin.

Statistical analysis was performed using
SPSS (Version 9) by Chi- square.

Results

Frequency of occurrence among blood
culture microorganisms

A total of 441 bacteria were isolated from
715 blood samples taken from children
(less than one month to five years old)
who refered to 55 different hospitals in
Iran (Fig. 1) during July to August 2006.
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Table 1 shows the most frequently isolated
bacterial pathogens causing BSI in these
hospitals. In all hospitals, the average
number of Coagulase negative
staphylococci and E. coli isolates were
198 (65.78%) and 60 (42.85%),
respectively. Others isolates were S.

aureus 73 (24.30%) and Enterobacter sp
38 (27.20%). These four group of
organisms accounted for approximately
83.67% of all BSI in the 55 hospitals in
Iran. K. pneumoniae, S. pneumoniae, and
P.aeruginosa, were also frequently
reported species at all hospitals.

Fig. 1: Locations of hoital participants in Iran.

Table 1: Bacterial species recovered from blood cultures”

Gram negative bacteria

Number of strains (%0)

E. coli 60 (42.9)
Enterobacter sp 38 (27.2)
Klebsiella pneumoniae 21 (15.0)
Pseudomonas aeruginosa 14 (10.0)
Other Gram negative bacteria 7.0 (5.0)
Total Gram negative bacteria 140 (100)
Gram positive bacteria

Coagulase negative Staphylococci 198 (65.8)
Staphylococcus aureus 73 (24.3)
Streptococcus pneumoniae 21 (7.0)
Other Gram positive bacteria 9.0 (3.0)
Total Gram positive bacteria 301 (100)

“The etiological agents were isolated and identified based on Gram staining and conventional
biochemical tests.
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Antimicrobial susceptibility of bacterial
isolates

The results of susceptibility testing of
Gram-positive isolates from blood cultures
are summarized in Table 2. In vitro
susceptibility testing of the 140 Gram-
negative isolates against ciprofloxacin and

amikacin revealed that 78% and 69% were
susceptible (Table 3). Of 14 Ps. Aerugi-
nosa, 85.8%, 79.8 % and 78.6% were
resistant to Co-trimoxazole, Ampicillin
and Cephradine, respectively.

Table 2: Antimicrobial resistance pattern of Gram-positive bacteria isolated from blood
cultures of children in Iran at 55 Hospitals

Coagulase negative

S. aureus S. pneumoniae

Antibiotics staphylococci
% of isolates resistant to antimicrobial agents

Oxacillin 31.9 63.1 47.7
Penicillin 59.0 65.8 52.4
Erythromycin 64.2 59.0 Not done
Ciprofloxacin 10.2 27.4 Not done
Ceftriaxone 334 17.9 Not done
Co-trimoxazole 54.1 71.3 57.2
Gentamicin 59.0 Not done 715
Cephalotin 67.2 75.4 71.5
Vancomycin 14.2 28.8 19.1
Amikacin 324 28.8 Not done
Ampicillin 78.3 89.1 33.4

Antimicrobial susceptibility testing was done by disc diffusion assay according to the Clinical and
Laboratory Standard Institute (CLSI 2005) using antibiotics from Patan Teb Company, Iran.

Table 3: Antimicrobial resistance pattern of Gram-negative bacteria isolated from blood cultures of
children in Iran at 55 Hospitals

I E. coli Enterobacter sp K. pneumoniae Ps. aeruginosa

Antibiotics 5 - - — -
% of isolates resistant to antimicrobial agents

Ciprofloxacin 23.4 21.1 19.1 Not done
Amikacin 31.7 Not done 9.6 35.8
Co-trimoxazole 73.4 65.8 715 85.8
Cephradine 60.0 Not done 66.7 78.6
Cephalotin 85.0 55.3 85.8 715
Ampicillin 75.0 65.8 66.7 79.8%
Ceftriaxone 56.7 42.2 66.7 Not done
Gentamycin 36.7 47.4 57.2 71.5
Erythromycin 65.0 60.6 69.0 64.3

Antimicrobial susceptibility testing was done by disc diffusion assay according to the Clinical and
Laboratory Standard Institute (CLSI 2005) using antibiotics from Patan Teb Company, Iran.
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Discussion

According to global surveillance reports,
bloodstream isolates are the best
candidates for the study of antimicrobial
susceptibility ~ of  human  bacterial
pathogens (19, 21). Unfortunately, data
regarding frequency of isolation and
resistance to antimicrobial agents are
scarce in Iran.

In the current study, coagulase-negative
staphylococci were the most common
followed by Staphylococcus aureus as in
others (22, 23). S. aureus and E. coli were
identified in many studies as the two most
common blood culture isolates from
hospitalized patients in the United States
and Europe (24, 25).

In 2005, Mamishi et al. (22) reported a
predominance of gram-positive isolates
72% from children in a Children's Medical
Center, Tehran: the most common of
which was Coagulase-negative staphylo-
cocci which accounted for 48.4%. As
shown in Table 1 our results agree
generally with those previously published
(25, 26).

The need for reliable and comprehensive
data regarding antimicrobial susceptibility
patterns of bloodstream isolates specific to
Iran prompted this investigation. Our data
bring to light the fact that a serious
problem of antimicrobial resistance exists
among bloodstream isolates in Iran.

The  microbiological ~ spectrum  of
septicaemia among children  shows
marked geographical variations. There
have been many instances of gram-
negative and gram positive outbreaks
among children around the world (25, 26).
Among Gram-positive isolates, CoNS, S.
pneumoniae and S. aureus were only
14.2%, 19.1% and 28.8% resistant to
vancomycin. Resistance to Co-trimaxazole
among Escherichia coli, the most common
Gram-negative isolate was 73.4%, and to
cephalotin and Ampicillin were 85 % and
75% respectively.

Oxacillin-resistant S. aureus are extremely
important causes of bloodstream infec-

tions and evidence has been presented that
oxacillin-resistant S. aureus (Table 2) are
increasing globally among bloodstream
isolates and among isolates from other
anatomical sites (20, 27).

In conclusion, it is essential to evaluate
prospectively the distribution of bacterial
isolates from blood, and given the high
level of resistance to used antibiotics,
there is need for clinical trials to
determine the most feasible combination
of antibiotics (cheapest, most effective,
given orally) for the management of
bacteremia among Iranian children. Our
report draws attention to the importance of
the awareness of physicians in identifying
resistant bacteria during treatment of
children with BSI and underscores the
need for devising a national strategy to
control the spread of resistance in Iran.
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