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ÖZ
Amaç: Çoklu ilaç direnci olan mikroorganizmalar ile enfeksiyon sıklığı giderek artmakta olup; enfeksiyonların erken tanınması, etkili tedavisi ve 
prognoz açısından kültür örneklerinin değerlendirilmesi önemlidir. Bu çalışmanın amacı, yenidoğan yoğun bakım ünitesi dışındaki çocuk servislerinde 
yatan hastalardan alınan kan ve idrar kültürü sonuçlarının değerlendirilmesidir.

Gereç ve Yöntem: Bu çalışmada 2007-2008 yılları arasında bakılan 2277 kan kültürü ve 857 idrar kültürü retrospektif olarak değerlendirilmiştir. 
Kan kültüründe %6,8 (n=156), idrar kültüründe ise %6 (n=52) üreme anlamlı görülerek çalışmaya dahil edilmiştir. Alınan kan kültürleri Bact-Alert 
3D otomatize kan kültür sistemlerinde, idrar örnekleri MacConkey ve %5 koyun kanlı agar besiyerlerine ekimi yapılarak üreyen mikroorganizmalar 
tanımlanmış, antibiyotik duyarlılık testleri yapılmıştır.

ABSTRACT
Aim: Infections due to drug resistant microorganisms are increasing and it is important to evaluate culture specimens for early recognition, fast and 
effective therapy, epidemiological and prognosis of the infections. The aim of the study is to evaluate the results of blood and urine cultures taken 
from patients hospitalized in pediatric services outside the neonatal intensive care unit.

Materials and Methods: In this study, 2277 blood cultures and 857 urine cultures taken between the years of 2007 and 2008 were evaluated 
retrospectively. 6.8% (n=156) positive blood cultures and 6% (n=52) positive urine cultures were included in the study. Blood cultures were put onto 
Bact-Alert 3D automotized blood culture systems and urine cultures were put onto MacConkey and 5% sheep blood agar plates. Microorganisms 
were identified with routine bacteriological procedures and antibiotic sensitivity tests were performed.

Results: In pediatrics clinics, 79.4% gram positive microorganisms (69% coagulase-negative staphylococcus CNS) among positive blood cultures 
86.5% gram negative microorganisms (61.5% Escherichia coli) among positive urine cultures were produced. Microorganisms grew in blood cultures 
were as follows: 48% (n=75) Methicillin-resistant CNS, 21% (n=33) Methicillin-sensitive CNS, 7.5% (n=12) Klebsiella species (4.5% ESBL positive), 
2.6% (n=4) Streptococcus pneumoniae, 2.6% (n=4) Methicillin-sensitive staphylococci 2% (n=3) Acinetobacter, 2.6% (n=4) Candida tropicalis, 
2% (n=3) Escherichia coli, 2% (n=3) Enterobacter, 1.3% (n=2) Haemophilus influenzae, 0.6% (n=1) Brucella spp. Microorganisms detected in urine 
cultures are as follows: 61.5% (n=32) Escherichia coli (40% ESBL positive), 11.5% (n=6) Enterococcus spp., 5.8% (n=3) Proteus spp., 3.8% (n=2) 
Pseudomonas spp., 3.8% (n=2) Stenotrophomonas maltophilia, 2% (n=1) Methicillin-sensitive staphylococci, 2% (n=1) Acinetobacter baumannii, 
2% (n=1) Klebsiella spp.

Conclusion: Identifying the infectious agents and their antibiotic susceptibility and resistance rates is important for adequate and effective initial 
empiric antimicrobial therapy and treatment of infections.
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INTRODUCTION

The epidemiology of infectious agents detected in the 
bloodstream changes in parallel with the development of 
antibiotic resistance1. Today, the frequency of infection 
is increasing due to multi-drug resistant microorganisms. 
Bacteremia continues to be a common cause of febrile 
diseases in the world and adversely affects morbidity and 
increases mortality, especially in hospitalized patients1,2. 
Mortality is related to the severity of the infection, the 
presence of concomitant disease, age, and inappropriate use 
of antibiotics3,4. Although gram-positive microorganisms are 
frequently reported as the causative agent of bacteremia in 
childhood, recent studies have shown that the frequency of 
gram-negative microorganisms has increased5-7. Infections 
should be recognized, treated quickly and effectively, and 
culture samples should be taken in terms of prognosis8. It 
is necessary to reduce the risk of contamination with skin 
bacteria by paying attention to sterility while taking culture 
samples, to interpret the results correctly and to pay attention 
to the correlation with the clinic. On the other hand, false-
positive blood culture results cause errors in the interpretation 
of circulatory system infections, and may lead to inappropriate 
antibiotic use, additional laboratory tests, prolonged 
hospitalization, and increased costs9.

Antibiotic-resistant microorganisms, on the other hand, limit 
the availability of effective treatment options, cause difficulties 
in the treatment of some frequently encountered bacterial 
infections, including urinary tract infection (UTI), and may 
lead to increase in mortality, morbidity, and health costs10-12. 
In the treatment of urinary tract infection, it is important to 
apply appropriate and adequate empirical treatment in order 
to prevent complications such as scar formation in the urinary 
system.

MATERIALS AND METHODS

In this study, blood and urine cultures taken from patients in 
pediatric services outside the neonatal intensive care clinic 

between 2007 and 2008 were retrospectively analyzed. The 
growth in the blood culture samples taken from the patients 
was evaluated as bacteremia in the presence of clinical findings. 
If the microorganism grown in a single blood culture was not 
clinically compatible or there were no predisposing factors such 
as immunodeficiency, or if there was growth in only one of 
the many blood culture samples taken, this was considered as 
contamination. If coagulase-negative staphylococci or viridans 
streptococci grew, it was accepted as significant bacteremia in 
the presence of at least two positive results in culture13.

In the study, 2277 blood cultures and 857 urine cultures 
were evaluated. Growth was detected in 10.1% (n=231) of 
the blood culture samples; 1% (n=24) blood cultures were 
not included in the study because patient information could 
not be reached or the same agent was produced twice. Of 
the 9% (n=207) blood cultures with growth, 6.8% (n=156) 
were considered significant and included in the study; 2.2% 
(n=51) were considered as contamination. Of the growths that 
were accepted as contamination, 84% (n=43) did not receive 
treatment. In 857 urine cultures taken, 6% (n=52) of the 
growths were considered significant and included in the study; 
1.7% (n=15) of them were considered as contamination. In the 
study, 156 blood cultures and 52 urine cultures were analyzed.

BLOOD CULTURE METHOD

Blood cultures were evaluated in Bact-Alert 3D automated 
blood culture systems; hemoculture samples were incubated 
for five days; aerobe cultures of samples showing positive 
signals were made on blood agar, EMB agar and sabouraud 
dextrose agar at 37 ⁰C.

Urine culture was taken with the help of a urinary catheter or 
urinary bladder in infants, with midstream urine after standard 
cleaning in older age groups and with the help of a catheter 
from patients who were not compatible; urine samples sent 
to the laboratory were inoculated on MacConkey and 5% 
sheep blood agar media and incubated at 35-37 ⁰C for 18-24 
hours. Microorganisms that grew at the end of the incubation 

Bulgular: Çocuk kliniklerinde bakteriyemi saptanan hastalarda %79,4 gram pozitif (%69’u Koagülaz-negatif stafilokok, KNS), idrar kültüründe 
ise %86,5 gram negatif (%61,5 Escherichia coli, %11,5 Enterokoklar) mikroorganizma üremiştir. Kan kültürlerinde üreyen mikroorganizmalar: %48 
(n=75) Metisilin-dirençli KNS, %21(n=33) Metisilin-hassas KNS, %7,5 (n=12) Klebsiella pneumoniae (%4,5 genişlemiş spektrumlu beta-laktamaz, 
GSBL pozitif), %4,5 (n=7) Pseudomonas suşları, %3,2 (n=5) Enterococcus spp., %2,6 (n=4) Streptococcus pneumoniae, %2,6 (n=4) Metisilin-hassas 
Staphylococcus aureus, %2 (n=3) Acinetobacter, %2,6 (n=4) Candida tropicalis, %2 (n=3) Escherichia coli, %2 (n=3) Enterobacter, %1,3 (n=2) 
Hemofilus influenza, %0,6 (n=1) Brucella spp. idi. İdrar kültürlerinde saptanan mikroorganizmalar; %61,5 (n=32) E. coli, (%40 genişlemiş spektrumlu 
beta-laktamaz, GSBL pozitif), %11,5 (n=6) Enterococcus spp., %5,8 (n=3) Proteus spp., %3,8 (n=2) Pseudomonas spp., %3,8 (n=2) Stenotrophomonas 
maltophilia, %2 (n=1) Metisilin-hassas Staphylococcus aureus, %2 (n=1) Acinetobacter baumannii, %2 (n=1) Klebsiella spp. idi.

Sonuç: Enfeksiyon etkeni mikroorganizmaların ve antibiyotik duyarlılıkları ile direnç oranlarının belirlenmesi uygun ve etkili ampirik antimikrobiyal 
tedavi başlanmasında ve enfeksiyonların tedavisinde önemlidir.

Anahtar Kelimeler: Çocuk, bakteriyemi, idrar yolu enfeksiyonu
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period were identified by routine bacteriological methods, and 
antibiotic susceptibility tests were performed to investigate 
the resistance against commonly used antibiotics.

Statistical Analysis

Statistical analyses were made with the NCSS 2007 package 
program in the study, descriptive statistical methods were used 
in the evaluation of the data as well as the Fisher reality test 
in the comparison of qualitative data. The value of p<0.05 was 
considered significant.

RESULTS

Of the patients, 56% (n=117) were male and 44% (n=91) were 
female. The mean age was 3.4±3 years in patients from whom 
blood cultures were taken and 3.92±3.87 years in patients 
from whom urine cultures were taken.

Diagnostic distribution of patients with bacteremia in blood 
culture is summarized in Table 1; mean leukocyte count in 
laboratory parameters was 11971±10243/uL; leukocyte with 
polymorphic nuclei was 6093±5522/uL; lymphocyte count was 
3080±3008/uL, and C-reactive protein (CRP) was 51±87 mg/L.

Mean leukocyte count in laboratory tests of patients with 
significant growth in urine culture was 12,908±7993/uL; 
leukocyte with polymorphic nuclei was 6827±5991/uL; 
lymphocyte count was 4698±4100/uL, and CRP was 65±78 mg/L.

In blood cultures in which bacteremia was detected in 
pediatric clinics, 79.4% gram-positive and 20.6% gram 
negative microorganisms were found; in urine cultures, 86.5% 
gram negative and 13.5% gram positive microorganisms were 
grown.

Significant bacteremia causative microorganisms in blood 
cultures and significant infectious causative microorganisms 
grown in urine cultures are shown in Table 2.

There was no difference in the distribution of microorganisms 
grown in blood culture according to pediatric services (p>0.05). 
Considering the antibiotic resistance of microorganisms 
causing bacteremia in blood culture; vancomycin resistance 
was not detected in MSCNS, MSSA, and Streptococcus 
pneumoniae (St. pneumoniae) strains. In Acinetobacter 
baumannii strains, 100% resistance to cefuroxime and 
ceftriaxone was found. In MRCoNS strains, 84% erythromycin, 
60% clindamycin, 40% ciprofloxacin, 49.3% fusidic acid 
resistance; 97.3% linezolid and 100% vancomycin sensitivity 
were detected. In MSCNS strains, 42% penicillin, 48.5% 
erythromycin, 21% clindamycin, and 33.3% trimethoprim-
sulfamethoxazole (TMP-SMX) resistance were found; 63.6% 
amoxicillin clavulanic acid, 90% ciprofloxacin, and 97% 
gentamicin were sensitive. It was found that St. pneumoniae 
strains had 25% penicillin and erythromycin resistance and 
75% trimethoprim-sulfamethoxazole resistance; vancomycin, 
teicoplanin and ciprofloxacillin were found to be 100% 

Table 1. Diagnostic distribution of patients with bacteremia 
in blood culture
Diagnosis distribution

Sepsis 47.4% (n=74)

Pneumonia 30% (n=47)

Febrile neutropenia 19.2% (n=30)

Deep neck infection 1.9% (n=3)

Brucella infection 0.6% (n=1)

Encephalitis 0.6% (n=1)

Table 2. The causative microorganisms in blood culture and their distribution by frequency
Microorganism Blood culture Causative microorganism Urine culture

Methicillin-resistant CNS n=75 (48%) Escherichia coli n=32 (61.5%) (40% ESBL positive)

Methicillin sensitive CNS n=33 (21%) Enterococcus spp. n=6 (11.5%)

Klebsiella pneumoniae n=12 (7.5%) Klebsiella spp. n=5 (9.6%) (80% ESBL positive)

Pseudomonas spp. n=7 (4.5%) Proteus spp. n=3 (5.8%)

Enterococcus spp. n=5 (3.2%) Pseudomonas spp. n=2 (3.8%)

Streptococcus pneumoniae n=4 (2.6%) St. maltophilia n=2 (3.8%)

Methicillin-sensitive coagulase-
negative staphylococcus (MSSA) n=4 (2.6%) Methicillin-sensitive coagulase-

negative staphylococcus (MSSA) n=1 (2%)

Acinetobacter spp. n=4 (2.6%) Acinetobacter baumannii n=1 (2%)

Candida tropicalis n=3 (2%) 

Escherichia coli n=3 (2%) 

Enterobacter n=3 (2%)

Hemophilus influenza n=2 (1.3%) 

Brucella spp. n=1 (0.6%) 

CNS: Coagulase negative staphylococcus, MSSA: Methicillin-sensitive Staphylococcus aureus, St. maltophilia: Stenotrophomonas maltophilia, ESBL: Extended spectrum beta-
lactamase
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sensitive. In methicillin-susceptible Staphylococcus aureus 
(MSSA) strains, 50% erythromycin, penicillin and amoxicillin 
clovulanic acid resistance and 25% penicillin resistance were 
detected (Figure 1).

In Haemophilus influenzae (H. influenzae) strains, 50% 
erythromycin, ceftriaxone and trimethoprim-sulfamethoxazole 
resistance were detected; ampicillin and amoxicillin-clovulanic 
acid were 100% sensitive. Klebsiella strains were 100% 
susceptible to ciprofloxacin, meropenem and imipenem, and 
40% resistant to ceftriaxone, 20% to tobramycin, and 20% to 
piperacillin-tazobactam.

Broad-spectrum beta-lactamase positive Klebsiella strains 
(4.5%) were 88% susceptible to meropenem and imipenem. 
In these strains, 62.5% ceftazidime, 12.5% ciprofloxacin, and 
50% piperacillin-tazobactam resistance were detected. E. coli 
strains were 100% susceptible to amikacin, meropenem and 
imipenem, and were found to be resistant to cefuroxime and 
ciprofloxacin at a rate of 33% and to cefotaxime at a rate of 
16%.

Pseudomonas spp strains were 87.5% susceptible to 
piperacillin-tazobactam, amikacin and cefepime, and 62.5% to 
ceftazidime; it was found 25% resistant to ceftazidime, and 
25% to gentamicin and tobramycin, 12.5% to piperacillin-
tazobactam, meropenem and imipenem (Figure 2).

In Enterococcus strains, 60% erythromycin and teicoplanin 
resistance, 40% gentamicin, ciprofloxacin and vancomycin 
resistance were detected; linezolid was found to be 100% 
susceptible, and gentamicin and vancomycin was 60% 
susceptible.

Of the patients with growth in blood culture, 69.2% had a 
history of other concomitant disease; 40% (n=45) of these 
diseases were hemato-oncological diseases. It was observed 
that 88.5% (n=138) of the patients with growth in blood 
culture received appropriate treatment according to the 
culture results and treatment response.

In the study, microorganisms produced in patients with 
mortality (5.7%, n=9) who received bacteremia treatment were 
20% (n=2) MRCNS, 20% (n=2) E. coli, 20% (n=2) Klebsiella 
pneumoniae, 10% (n=1) Candida tropicalis, 10% MRCNS and 
Candida tropicalis, 10% (n=1) Acinetobacter baumannii, and 
these patients had hematologic-oncological disease.

The distribution of microorganisms accepted as 2.2% (n=51) 
contamination in blood culture is as 28% MSCNS, 17% 
Alpha hemolytic streptococci, 15% diphtheroid bacillus, 13% 
Micrococcus spp., 7.6% MRCNS, 5.7% Bacillus spp., 3.8% non-
hemolytic streptococci, 2% Cytrobacter, 2% Enterobacter, 2% 
E. coli and 2% MSSA. Of these microorganisms, 24% (n=12) 
were grown under antibiotic treatment, and 76% (n=40) were 
grown in cultures taken before antibiotic treatment.

Figure 1. Antibiotic resistance of gram-positive microorganisms (coagulase negative staphylococcus, Staphylococcus aureus and 
Streptococcus pneuomoniae) grown in blood culture

MHKNS: Methicillin-sensitive coagulase-negative staphylococci, MRKNS: Methicillin-resistant coagulase-negative staphylococci, St. 
pneumoniae: Streptococcus pneumoniae, MHSA: Methicillin sensitive Staphylococcus aureus
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Most specifically, trimethoprim-sulfamethoxazole (37%) 
resistance was found in E. coli strains in microorganisms grown 
in urine culture. In Klebsiella strains, resistance to cephalosporin 
derivatives and ciprofloxacin was seen with a high probability. 
ESBL positivity was detected in 80% of Klebsiella strains and 
40% of E. coli strains. Ceftazidime, amikacin, and ciprofloxacin 

resistance were not observed in Pseudomonas strains  
(Figure 3).

No resistance to piperacillin-tazobactam, meropenem, and 
imipenem was detected in the microorganisms grown in 
urine culture. Of proteus strains, 33.3% were resistant to 
gentamicin, netilmicin and amikacin; were 100% susceptible to 

Figure 2. Antibiotic resistance of gram-negative microorganisms (E. coli, Klebsiella spp., Pseudomonas spp.) grown in blood culture

E. coli: Escherchia coli, K. pneumoniae: Klebsiella pneumoniae, P. tazobactam: Piperacillin-tazobactam, ESBL: Extended spectrum betalactamases

Figure 3. Antibiotic resistance of microorganisms grown in urine culture

E. coli: Escherichia coli, ESBL: Extended spectrum betalactamases, TMP-SMX: Trimetoprim-sulfametaksazol
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ciprofloxacin, cefotaxime, ceftazidime, meropenem, imipenem, 
and were 66.7% susceptible to gentamicin, tobramycin, 
trimethoprim sulfamethoxazole. For Acinetobacter baumanni, 
100% resistance was seen with piperacillin tazobactam, 
ceftazidime and meropenem; it was found to be 100% 
sensitive to gentamicin, tobramycin and netilmicin. In 
Stenotrophomonas maltophilia strain, 50% resistance to 
cefotaxime, cefepime and meropenem was observed. It was 
determined that Enterococcus strains had 83.3% ampicillin and 
penicillin resistance, and 16.7% vancomycin and teicoplanin 
resistance. The MSSA strain grown in the urine culture was 
penicillin resistant; it was found to be sensitive to Gentamicin, 
ciprofloxacin, vancomycin, trimethoprim-sulfamethoxazole, 
cefazolin, amikacin and netilmicin.

Reproduction was considered as contamination in 1.7% 
(n=15) of the patients whose urine cultures were taken. E. coli 
(40%, n=6) was found to be the most common among the 
microorganisms evaluated as contamination. 

In the study, urinary system ultrasonography of the patients 
with growth in urine culture was found to be normal in 
67.3%; 23.1% of the cases had hydronephrosis, 3.8% had mild 
ectasia, 1.9% had grade 1 parenchymal disease, 1.9% had renal 
calculus, and 1.9% had grade 3 ectasia.

It was observed that 90.4% (n=47) of the patients with 
significant growth in the urine culture received appropriate 
treatment according to the culture results and treatment 
response.

DISCUSSION

In recent studies, culture positivity has been reported as 8.9-
11% (4.7-27.3%) in blood culture samples taken, and in this 
study, blood culture positivity was found to be 10.1% (n=231), 
which is compatible with the literature14. In blood cultures, 
79.4% of gram-positive microorganisms were found to be 
bacteremia causative, which is compatible with the literature5,6.

In the study, the most common microorganism in blood 
culture was CNS at a rate of 69.2%, and 69.4% of them were 
methicillin resistant, 30.6% were methicillin susceptible. 
Methicillin resistance of CNSs was found as 80.4% by Edmond 
et al.15 as 78.5% by Johnson et al.16 and as 76.3% by Nahaei 
et al.17 in a study conducted by various clinical samples from 
different centers.

In the study, 84% erythromycin, 60% clindamycin, 40% 
ciprofloxacin resistance was detected in MRCNS strains produced 
in blood culture; linezolid was found 97.3% susceptible and 
vancomycin 100% susceptible. In the studies of Hope et al.18 
including pediatric and adult age groups, methicillin resistance 
of CNS strains was found to be 67%; 80.2% erythromycin, 67% 
ciprofloxacin, and 25.5% clindamycin resistance was reported 

in MRCNS strains. As in the study of Buckingham et al.19, no 
vancomycin resistance was found in CNSs.

Streptococcus pneumoniae is one of the major agents 
of pneumonia, otitis media, and bacteremia infections in 
children and it is reported that multi-antibiotic resistance 
is increasing20,21. In this study, St. pneumoniae strains were 
found to have 75% trimethoprim sulfamethoxazole resistance, 
25% penicillin and erythromycin resistance; no resistance to 
clarithromycin, vancomycin and ciprofloxacillin was observed. 
In the study of Gür et al.22, moderate penicillin resistance was 
found to be 30%. In a study conducted in Spain, it was shown 
that penicillin resistance of invasive pneumococcal strains 
was 33%, erythromycin resistance was 25.7%, and cefotaxime 
resistance was 8.4%.23 In a study conducted in Switzerland, 
penicillin resistance was found to be 7%.24 Unlike this study, 
in the study of Opintan and Newman14 trimethoprim-
sulfamethoxazole resistance was not observed in pneumococci, 
and high resistance was found with ciprofloxacin (50%) and 
erythromycin (66.7%).

In recent years, it has been reported that the frequency of 
bacteremia with gram-negative microorganisms increases, 
and ESBL-producing Enterobacteriaceae and resistant 
Pseudomonas and Acinetobacter isolates pose a significant 
problem in treatment1,10. In blood cultures of Nivesvivat et 
al.25, ESBL production that can hydrolyze penicillins, most 
cephalosporins and monobactam antibiotics was reported as 
28.9% in E. coli and as 25.8% in K. pneumoniae25. In this study, 
ESBL positive Klebsiella strains were seen at a low rate (4.4%) 
in blood culture; however, ESBL positivity was detected in 
58% of Klebsiella strains. ESBL positivity was not detected in 
E. coli strains. Opintan and Newman14 reported in their study 
that E. coli strains had 87.5% cefuroxime resistance, 88.9% 
cefotaxime resistance, 60% ciprofloxacin resistance and 12.5% 
meropenem resistance; in this study, however, meropenem 
resistance was not detected, cefotaxime (16%) and cefuroxime 
(33%) resistance was lower; similarly, amikacin resistance was 
not observed.

In the study, 7.6% (n=12) Klebsiella spp. were detected 
and Klebsiella strains not producing ESBL were resistant to 
ceftriaxone at a rate of 40% and to piperacillin-tazobactam 
at a rate of 20%; ESBL producing strains were found to be 
87.5% resistant to ceftriaxone, 75% to cefepime, 62.5% to 
ceftazidime, 12.5% to ciprofloxacin, and 50% to piperacillin-
tazobactam.

The increase in antibiotic resistance of Enterococcus species 
and the occurrence of infections with multiple resistant strains 
cause difficulties in treatment. In particular, the increase in 
vancomycin resistance draws attention26. In a multicenter 
study, glycopeptide resistance of Enterococcus species 
was found as 9.7%, ciprofloxacin resistance as 27.4%, and 
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gentamicin resistance as 28.2%27. In this study, teicoplanin 
resistance (60%), gentamicin, ciprofloxacin and vancomycin 
resistance (40%) of Enterococcus species were found to be 
high in blood culture.

Pseudomonas spp. is an important bacterium that needs 
attention due to its multiple antibiotic resistance and can 
cause severe clinical pictures. Pseudomonas aeruginosa, which 
is the cause of hospital-acquired bacteremias caused by gram-
negative microorganisms with a frequency of 20%, is reported 
to be resistant to most penicillins and cephalosporins.6,28 
Although antipseudomonal penicillins, cefoperazone, 
ceftazidime, cefepime, quinolones and carbapenems are 
effective against pseudomanas; in a multicenter study, 50% 
ciprofloxacin and piperacillin resistance, 30% ceftazidime 
resistance, and 26% amikacin resistance were found29. In 
this study, 25% ceftazidime resistance, 12.5% piperacillin-
tazobactam and meropenem resistance were determined in 
pseudomonas species grown in blood cultures.

The causative agents of urinary tract infections are gram-
negative bacteria and E. coli is the most frequently isolated 
among them (61.5%), as also found in this study. According 
to the results of studies obtained from various regions in our 
country, the frequency of E. coli isolation in children varies 
between 43-66.6%30,31. Bean et al.32 found 55% ampicillin 
resistance and 40% trimethoprim-sulfamethoxazole resistance 
in E. coli strains. Resistance to third generation cephalosporins 
has been reported in the treatment of urinary tract infections. 
Yüksel et al.33 found 7.5% ceftriaxone resistance in E. coli 
strains; Pape et al.34 found 53% ampicillin resistance, 42% 
trimethoprim-sulfamethoxazole resistance, 12% amikacin 
resistance, and 6% cefuroxime resistance. Grude et al.35 found 
28% ampicillin, 12% trimethoprim-sulfamethoxazole, and 
12% cefuroxime resistance. In this study, 37% trimethoprim-
sulfamethoxazole, 21% ceftriaxone, and 10% ciprofloxacin 
resistance were found in E. coli strains in urine culture; no 
resistance was found to gentamicin and amikacin. In ESBL 
positive E. coli strains, 69% trimethoprim-sulfamethoxazole 
resistance, 54% gentamicin and ciprofloxacin resistance, and 
38% netilmicin resistance were found.

Today, it has been reported that gram-negative strains 
expressing ESBL are becoming common in UTI in many 
countries36,37. In a meta-analysis conducted for urinary tract 
infections, the rate of ESBL positive Enterobacteriaceae in 
urine was found to be 15%; in this study, ESBL-producing 
Enterobacteriaceae in urine was found as high as 32.6%38.

In the study, ESBL was found positive in 40% of E. coli 
strains. Of ESBL positive E. coli strains, 69.2% were resistant 
to trimethoprim-sulfamethoxazole, 53.8% to gentamicin 
and 7.7% to amikacin. On the other hand, 36.8% of ESBL 

negative strains were found to be resistant to trimethoprim-
sulfamethoxazole.

Contamination rates in blood culture are reported as 0.6-
3%; in this study, the frequency was 2.2% (n=51), which 
was consistent with the literature, and the most frequent 
contamination was MSCNS (28%)39,40.

Study Limitations

The limitations of this study are that it was conducted 
retrospectively and it was a single-center study.

CONCLUSION

Since antibiotic-resistant microorganisms are an important 
problem in the diagnosis and treatment of infectious diseases, 
knowing the antibiotic resistance and susceptibility rates 
against microorganisms is necessary for the regulation of 
appropriate empirical treatment. Evaluating the results of the 
culture samples taken and reviewing the appropriateness of 
the empirical treatment according to the culture antibiogram 
is important for the success of the treatment.

In this study, the importance of initiating appropriate and 
adequate empirical treatment and preventing the development 
of antibiotic resistance was emphasized by investigating the 
microorganisms grown in blood and urine cultures and their 
antibiotic susceptibility.

Ethics

Ethics Committee Approval: Retrospective study.

Informed Consent: Retrospective study.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Concept: N.C.G., F.Ç., Design: N.C.G., F.Ç., Data Collection 
or Processing: N.C.G., B.D.Ç., B.B., Analysis or Interpretation: 
N.C.G., B.D.Ç., F.Ç., Literature Search: N.C.G., F.Ç., Writing: 
N.C.G., B.D.Ç., B.B., F.Ç.

Conflict of Interest: No conflict of interest was declared by 
the authors.

Financial Disclosure: The authors declared that this study 
received no financial support.

REFERENCES
1. Luzzaro F, Ortisi G, Larosa M, Drago M, Brigante G, Gesu G. Prevalence 

and epidemiology of microbial pathogens causing bloodstream infections: 
results of the OASIS multicenter study. Diagn Microbiol Infect Dis. 
2011;69:363-9. 

2. Pittet D, Tarara D, Wenzel RP. Nosocomial bloodstream infection in critically 
ill patients. Excess length of stay, extra costs, and attributable mortality. 
JAMA. 1994;271:1598-601.



Nam Kem Med J 2022;10(2):155-162CİĞERCİ GÜNAYDIN et al. Evaluation of Culture Results in Pediatric

162

3. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR. 
Epidemiology of severe sepsis in the United States: analysis of incidence, 
outcome, and associated costs of care. Crit Care Med. 2001;29:1303-10. 

4. Scheetz MH, Hoffman M, Bolon MK, Schulert G, Estrellado W, Baraboutis 
IG, et al. Morbidity associated with Pseudomonas aeruginosa bloodstream 
infections. Diagn Microbiol Infect Dis. 2009;64:311-9. 

5. Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in the 
United States from 1979 through 2000. N Engl J Med. 2003;348:1546-54.

6. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP, Edmond MB. 
Nosocomial bloodstream infections in US hospitals: analysis of 24,179 
cases from a prospective nationwide surveillance study. Clin Infect Dis. 
2004;39:309-17. 

7. Muñoz P, Cruz AF, Rodríguez-Créixems M, Bouza E. Gram-negative 
bloodstream infections. Int J Antimicrob Agents. 2008;32 Suppl 1:S10-4. 

8. Reimer LG, Wilson ML, Weinstein MP. Update on detection of bacteremia 
and fungemia. Clin Microbiol Rev. 1997;10:444-65. 

9. Bates DW, Goldman L, Lee TH. Contaminant blood cultures and resource 
utilization. The true consequences of false-positive results. JAMA. 
1991;265:365-9. 

10. Vergidis PI, Falagas ME. New antibiotic agents for bloodstream infections. 
Int J Antimicrob Agents. 2008;32 Suppl 1:S60-5.

11. Babay HA, Twum-Danso K, Kambal AM, Al-Otaibi FE. Bloodstream infections 
in pediatric patients. Saudi Med J. 2005;26:1555-61.

12. Holmberg SD, Solomon SL, Blake PA. Health and economic impacts of 
antimicrobial resistance. Rev Infect Dis. 1987;9:1065-78. 

13. Bouza E, Pérez-Molina J, Munoz P. On behalf of the Cooperative Group of 
the European Study Group on Nosocomial Infections Report of ESGNI-001 
and ESGNI-002 studies. Bloodstream infections in Europe. Clin Microbiol 
Infect. 1999:5:1-12.

14. Opintan JA, Newman MJ. Prevalence of antimicrobial resistant pathogens 
from blood cultures: results from a laboratory based nationwide surveillance 
in Ghana. Antimicrob Resist Infect Control. 2017;6:64. 

15. Edmond MB, Wallace SE, McClish DK, Pfaller MA, Jones RN, Wenzel RP. 
Nosocomial bloodstream infections in United States hospitals: a three-year 
analysis. Clin Infect Dis. 1999;29:239-44. 

16. Johnson AP, Henwood C, Mushtaq S, James D, Warner M, Livermore DM, 
et al. Susceptibility of Gram-positive bacteria from ICU patients in UK 
hospitals to antimicrobial agents. J Hosp Infect. 2003;54:179-87. 

17. Nahaei MR, Shahmohammadi MR, Ebrahimi S, Milani M. Detection of 
Methicillin-Resistant Coagulase-Negative Staphylococci and Surveillance 
of Antibacterial Resistance in a Multi-Center Study from Iran. Jundishapur 
J Microbiol. 2015;8:e19945. 

18. Hope R, Livermore DM, Brick G, Lillie M, Reynolds R; BSAC Working Parties 
on Resistance Surveillance. Non-susceptibility trends among staphylococci 
from bacteraemias in the UK and Ireland, 2001-06. J Antimicrob Chemother. 
2008;62 Suppl 2:ii65-74. 

19. Buckingham SC, McDougal LK, Cathey LD, Comeaux K, Craig AS, Fridkin 
SK, et al. Emergence of community-associated methicillin-resistant 
Staphylococcus aureus at a Memphis, Tennessee Children’s Hospital. Pediatr 
Infect Dis J. 2004;23:619-24.

20. Hawley LA, Walker F, Whitney CG. Pneumococcal disease. In: Wharton M et 
al. eds. VPD surveillance manual, 3rd edn. Atlanta, GA: Centers for Disease 
Control and Prevention, 2002. 

21. Appelbaum PC. Resistance among Streptococcus pneumoniae: Implications 
for drug selection. Clin Infect Dis. 2002;34:1613-20. 

22. Gür D, Tunçkanat F, Sener B, Kanra G, Akalin HE. Penicillin resistance in 
Streptococcus pneumoniae in Turkey. Eur J Clin Microbiol Infect Dis. 
1994;13:440-1.

23. Oteo J, Lázaro E, de Abajo FJ, Baquero F, Campos J; Spanish Members of 
the European Antimicrobial Resistance Surveillance System. Trends in 
antimicrobial resistance in 1,968 invasive Streptococcus pneumoniae 

strains isolated in Spanish hospitals (2001 to 2003): decreasing penicillin 
resistance in children’s isolates. J Clin Microbiol. 2004;42:5571-7.

24. Mantese OC, Paula A, Moraes AB, Moreira TA, Guerra ML, Brandileone MC. 
Prevalência de sorotipos e resistência antimicrobiana de cepas invasivas 
do Streptococcus pneumoniae [Prevalence of serotypes and antimicrobial 
resistance of invasive strains of Streptococcus pneumoniae]. J Pediatr (Rio 
J). 2003;79:537-42.

25. Nivesvivat T, Piyaraj P, Thunyaharn S, Watanaveeradej V, Suwanpakdee D. 
Clinical epidemiology, risk factors and treatment outcomes of extended-
spectrum beta-lactamase producing Enterobacteriaceae bacteremia among 
children in a Tertiary Care Hospital, Bangkok, Thailand. BMC Res Notes. 
2018;11:624.

26. Arias CA, Reyes J, Zúñiga M, Cortés L, Cruz C, Rico CL, et al. Multicentre 
surveillance of antimicrobial resistance in enterococci and staphylococci 
from Colombian hospitals, 2001-2002. J Antimicrob Chemother. 
2003;51:59-68.

27. Tornieporth NG, Roberts RB, John J, Hafner A, Riley LW. Risk factors 
associated with vancomycin-resistant Enterococcus faecium infection or 
colonization in 145 matched case patients and control patients. Clin Infect 
Dis. 1996;23:767-72. 

28. Acquah SE, Quaye L, Sagoe K, Ziem JB, Bromberger PI, Amponsem 
AA. Susceptibility of bacterial etiological agents to commonly-used 
antimicrobial agents in children with sepsis at the Tamale Teaching Hospital. 
BMC Infect Dis. 2013;13:89.

29. Bartlett JG, Breiman RF, Mandell LA, File TM Jr. Community-acquired 
pneumonia in adults: guidelines for management. The Infectious Diseases 
Society of America. Clin Infect Dis. 1998;26:811-38. 

30. Gaspari RJ, Dickson E, Karlowsky J, Doern G. Antibiotic resistance trends in 
paediatric uropathogens. Int J Antimicrob Agents. 2005;26:267-71. 

31. Catal F, Bavbek N, Bayrak O, Karabel M, Karabel D, Odemis E, et al. 
Antimicrobial resistance patterns of urinary tract pathogens and rationale 
for empirical therapy in Turkish children for the years 2000-2006. Int Urol 
Nephrol. 2009;41:953-7. 

32. Bean DC, Krahe D, Wareham DW. Antimicrobial resistance in community 
and nosocomial Escherichia coli urinary tract isolates, London 2005-2006. 
Ann Clin Microbiol Antimicrob. 2008;7:13. 

33. Yüksel S, Oztürk B, Kavaz A, Ozçakar ZB, Acar B, Güriz H, et al. Antibiotic 
resistance of urinary tract pathogens and evaluation of empirical treatment 
in Turkish children with urinary tract infections. Int J Antimicrob Agents. 
2006;28:413-6. 

34. Pape L, Gunzer F, Ziesing S, Pape A, Offner G, Ehrich JH. Bakterielle 
Erreger, Resistenzentwicklung und Behandlungsoptionen beim ambulant 
erworbenen Harnwegsinfekt im Kindesalter [Bacterial pathogens, resistance 
patterns and treatment options in community acquired pediatric urinary 
tract infection]. Klin Padiatr. 2004;216:83-6.

35. Grude N, Tveten Y, Jenkins A, Kristiansen BE. Uncomplicated urinary 
tract infections. Bacterial findings and efficacy of empirical antibacterial 
treatment. Scand J Prim Health Care. 2005;23:115-9. 

36. Topaloglu R, Er I, Dogan BG, Bilginer Y, Ozaltin F, Besbas N, et al. Risk factors 
in community-acquired urinary tract infections caused by ESBL-producing 
bacteria in children. Pediatr Nephrol. 2010;25:919-25.

37. Megged O. Extended-spectrum β-lactamase-producing bacteria causing 
community-acquired urinary tract infections in children. Pediatr Nephrol. 
2014;29:1583-7. 

38. Flokas ME, Detsis M, Alevizakos M, Mylonakis E. Prevalence of ESBL-
producing Enterobacteriaceae in paediatric urinary tract infections: A 
systematic review and meta-analysis. J Infect. 2016;73:547-57. 

39. Schifman RB, Strand CL, Meier FA, Howanitz PJ. Blood culture 
contamination: a College of American Pathologists Q-Probes study 
involving 640 institutions and 497134 specimens from adult patients. Arch 
Pathol Lab Med. 1998;122:216-21. 

40. Bekeris LG, Tworek JA, Walsh MK, Valenstein PN. Trends in blood culture 
contamination: a College of American Pathologists Q-Tracks study of 356 
institutions. Arch Pathol Lab Med. 2005;129:1222-5.




