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ABSTRACT
Objective: Urinary tract infections (UTIs) are one the most frequent human infections. 
Increasing trend of antimicrobial resistance (AMR) and difficult-to-treat resistance 
cases are of serious concern. This study aimed to investigate the order of Enterobac-
terales urinary isolates and AMR profiles for 3 years in a tertiary hospital.
Material and Methods: Clinical urinary cultures of patients obtained from January 
2017 to December 2019 in Balıkesir Atatürk City Hospital were included in the study. 
Isolated Enterobacterales strains and their antibiotic susceptibilities were retrospec-
tively evaluated. Antimicrobial susceptibility tests were performed by conventional 
and automated methods according to guidelines of The European Committee on An-
timicrobial Susceptibility Testing.
Results: Among a total of 9297 urine isolates, 78.5% were members of order Entero-
bacterales (n=7300). The majority of strains were isolated from intensive care units 
(n=3979; 54.5%). Most of the patients were female (62.9%) and 52.4% of the patients 
had an indwelling urinary catheter (catheter-associated UTIs). The carbapenem re-
sistance was 13.6% in Klebsiella spp., followed by Morganella spp. (7.5%). Extend-
ed-spectrum β-lactamases (ESBLs) were detected most frequently also in Klebsiella 
spp. (over 50%), followed by Escherichia coli (over 30%) and Enterobacter spp. (over 
30%). E. coli and Klebsiella spp. showed significant change in resistance to ceftazi-
dime, while Proteus and Morganella spp. showed a change in resistance to cefepime 
and fluoroquinolone, additionally. Alterations in Amoxicillin and Clavulanic acid and 
cefepime resistance of Enterobacter and other rare species were also significant.
Conclusion: Antibiotic consumption is strongly related to AMR and Türkiye seems to 
have a serious struggle with both antibiotic consumption and AMR. Local and/or na-
tional antimicrobial policies are effective in Türkiye, but further measures are required.
Keywords: Antibiotic resistance, carbapenems, Enterobacterales, Enterobacteriaceae, 
urinary tract infections.
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INTRODUCTION
Urinary tract infections (UTIs) are observed in both pediatric and 
adult populations and are one of the most common infections 
among healthcare-associated and community-associated ones. 
They had a wide spectrum, such as from asymptomatic cases 
to pyelonephritis, and they are mainly caused by gram-negative 
bacteria, including members of the order Enterobacterales. Esch-
erichia coli causes almost 80% of UTIs and they are much more 
common in females. UTIs are not just a problem of the urinary 
tract, since more than a quarter of sepsis cases are admitted to 
emergency departments and nearly half of the sepsis cases in 
hospitalized patients are mainly sourced by UTIs. Accurate diag-
nosis and targeted treatment in support of antimicrobial suscepti-
bility testing (AMST) and pharmacological evaluation are crucial; 
however, the increasing trend of antimicrobial resistance (AMR) 
created difficult-to-treat resistance (DTR) infections, which is un-
fortunately in growing condition among UTIs.[1]

Appropriate use of antibiotics is the most important intervent-
able factor in fight against AMR.[2] Thus, antimicrobial stewardship 
programs and societies published guidelines for defining appro-
priate treatments in each stage of UTIs.[3–6] On the other hand, 
antibiotic consumption trends and policies vary among countries 
which cause different susceptibility patterns that may lead to vari-
able therapies.[7] Recent data on AMR showing increasing ratios 
of Enterobacterales producing extended-spectrum β-lactamases 
(ESBL), AmpC β-lactamases, and carbapenemases along with 
other resistance mechanisms threaten public health.[8] The Euro-
pean Committee on Antimicrobial Susceptibility Testing (EUCAST) 
is the reference method to apply and interpret AMST results, which 
is strongly recommended to monitor years by even local facilities.
[9,10] The aim of this study is to share AMR status of our tertiary cen-
ter in urine isolates and to observe whether there is a significant 
alteration, or not.

MATERIAL AND METHODS
Ethical Approval

Approved by The Ethical Board of Balıkesir University, Faculty of 
Medicine (date: 21 October 2020, desicion number: 2020/190). This 
study was conducted in accordance with ethical principles of the 
Declaration of Helsinki (revised version of 2013).

Materials

Enterobacterales strains isolated from urine cultures of patients in 
all age groups admitted to Balıkesir Atatürk City Hospital between 
2017 and 2019 were included. Contaminations, untreated cases, 
and cultures with insufficient colony-forming units/mL were ex-
cluded, and only samples that were accepted as infectious agents 
were included.

Methods

Urine cultures were quantitatively inoculated onto 5% sheep blood 
agar, eosin methylene blue (EMB) agar (RTA Laboratories, Kocaeli, 
Türkiye) (35–37°C, 48 h, ambient atmosphere). The only first sample 

was included for repetitious samples from the same patient. Grown 
colonies were identified by gram staining, hemolysis feature, colori-
metric change in EMB agar, catalase, and oxidase tests, PhoenixTM 
100 automated system (Becton Dickinson, MA, USA).

Antimicrobial susceptibility tests were performed by PhoenixTM 
100 automated system (Becton Dickinson, MA, USA) and Kirby–
Bauer disk diffusion method according to guidelines of The Euro-
pean Committee on Antimicrobial Susceptibility Testing (EUCAST, 
valid from 01.01.2019, v.9). Extended-spectrum β-lactamase (ES-
BL)-producing and carbapenemase-producing Enterobacterales 
strains were screened according to EUCAST guidelines. Ciproflox-
acin resistance was reported as resistant to all fluoroquinolones.[9] 
E. coli ATCC 25922 was used for quality control.

Statistical Analysis

SPSS 22.0 (SPSS Inc., Chicago, IL, USA) program was used. An-
nual AMR ratios were compared by Chi-squared distribution test. P 
levels <0.05 were accepted as statistically significant.

RESULTS
Among a total of 9297 urine isolates (non-fermenter gram nega-
tives n=518, Coagulase-negative staphylococci n=1282, Entero-
coccus spp. n=101, fungi n=42, other species n=54), 78.5% were 
members of order Enterobacterales (n=7300). The majority of 
strains were isolated from intensive care units (ICUs) (n=3979; 
54.5%), followed by surgical (n=1708; 23.4%) and internal medi-
cine (n=1613; 22.1%) services.

The majority of the patients were female (62.9%), 37.2% of 
patients were <18 years of age (age 43±11 years). The outpa-
tients were only 28.0% of Enterobacterales (n=2044). All cultures 
from ICUs and 56.6% of cultures from inpatients were obtained 
from urinary catheters, of which 52.4% were catheter-associated 
UTIs. Over 85% of cultures of outpatients were obtained by mid-
stream urine, 11.8% were provided by pediatric U-Bags and the 
rest of them were from catheters. Only nine samples were supra-
pubic aspiration.

Antibiotic resistance profiles of various members of order En-
terobacterales are presented in Tables 1–3. Resistance to amoxi-
cillin and clavulanic acid varied from 26.7% to 100% but remained 
high (over 50%) generally. As shown in Table 1, significant al-
terations in ceftazidime resistance were detected for E. coli and 
Klebsiella spp. (p<0.001). Fluoroquinolone and cephalosporin re-
sistance were generally over 30% for both these species, while 
carbapenem resistance was 13.6% in Klebsiella spp., followed by 
Morganella spp. (7.5%), but it was <2% in E. coli. ESBLs were de-
tected most frequently also in Klebsiella spp. (over 50%), followed 
by E. coli (over 30%) and Enterobacter spp. (over 30%) (Table 3). 
As shown in Table 2, alongside ceftazidime resistance, Proteus 
spp. showed additional increasing ratios of cefepime and fluoro-
quinolone resistance. As shown in Table 3, alterations in amoxicillin 
and clavulanic acid and cefepime resistance of Enterobacter and 
other species were also significant (p<0.001). Trimethoprim-sulfa-
methoxazole resistance was over 30% in majority of all species 
(Table 1, 2). No other significant alterations were observed.
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DISCUSSION
AMR in clinically significant bacteria, such as members of Entero-
bacterales, is of ongoing concern. Monitoring of alterations in AMR 
levels by prospective/retrospective, regional/national/multi-national, 
surveillance programs and performing standardized procedures to 
determine antimicrobial susceptibility are crucial steps in fight.[11,12] 
UTIs, no doubt, are one of the most frequent human infections, that 
lead to huge amount of antibiotic consumption. Even the non-com-
plicated and community-acquired ones can be caused by resistant 
microorganisms and in treatment, in vitro susceptibility results have 
a key point alongside with pharmacological distribution of the drug.[12] 
Therefore, periodic monitoring is important to observe AMR status.

Both community-acquired and nosocomial UTIs should be con-
sidered as important morbidity and mortality factors with serious bur-
den on the health-care systems. The most common causative agents 
of UTIs are the order of Enterobacterales (More than 60% of UTIs are 
caused by two species - E. coli and Klebsiella spp.), followed by par-
ticular Gram positives (Enterococcus spp. Staphylococcus spp., etc.) 
and other species (Mycoplasma spp., Ureoplasma spp., other gram 
negatives and fungi). Recommended first-line treatment consists of 
nitrofurantoin, fosfomycin, and sulfamethoxazole/trimethoprim, and 
β-lactam antibiotics (third-generation cephalosporins, carbapen-
ems), fluoroquinolones and aminoglycosides are alternatives to such 
treatment. On the other hand, for particular patient populations (chil-
dren, pregnant women, patients with liver/kidney failure, etc.,) β-lac-
tam antibiotics take the first line, which makes them very important.
[12] However, multidrug resistance (MDR) in Gram-negative bacteria 
is a growing threat causing the treatment of UTIs as a compelling is-
sue. In a 10-year survey from Hungary, such a significant increase to 
particularly 3rd generation cephalosporins, arising amounts of ESBL 
producers were observed in UTI cases. The authors also noted that 
even though Hungary is a low-prevalence country in carbapenem 
resistance, such cases were sourced from UTIs. They additionally 
noticed high levels of fluoroquinolone resistance, which threatens the 
first-line treatment, and regarding this, they referred to their antibiotic 
consumption habits.[12] In another survey from Central Europe, re-
sistance to amoxicillin/clavulanic acid was over 10% for E. coli and 
Proteus spp. and ranged between 20.4% and 58.9% for Klebsiella 
spp. with a significant increasing trend among years. Unfortunately, 
ampicillin was out of scope for gram negatives, since resistance rates 
were too high. Similar to our study, over 30% of the Klebsiella spp. 
isolates were resistant to cephalosporins, except cefepime showing 
above 25% and 50% resistance rates for E. coli and Klebsiella spp., 
respectively. Besides, their cephalosporin resistance to E. coli and 
Proteus spp. was below 10%, which was significantly lower than our 
data. They reported similar ratios (approx. 40%) of fluoroquinolone 
resistance with our data, however, despite our results, a dwindling 
trend was noticed for Proteus spp.[13] A tertiary center from Romania 
reported threatening data since it was stated that over 35% of iso-
lates were MDR with a mortality rate of 24%, and among these, over 
60% were E. coli. When it comes to extensive drug-resistant (XDR) 
and pan drug-resistant isolates, Klebsiella spp. seemed to take the 
front-runner position, but its overall amount was below 10%.[14] Con-
versely, in our study, Klebsiella spp. took all first lines for all categories 
with an MDR rate of 10.4%. For E. coli, this rate was nearly 10-fold 
below that may indicate an epidemiologic shift towards drug-resistant 

Klebsiella spp. Miftode et al.,[14] also stated antibiotic consumption 
ratios, which indicates “the fear factor,” that in case of any encounter 
to ESBL or DTR cases, clinicians usually preferred advanced treat-
ments like carbapenems. Interestingly, there is a wide spectrum of 
DTR-case variance, since the results of the studies Miftode et al.[14] 
(7% of all isolates, mostly Klebsiella spp.) and Gianella et al,[15] in-
dicated high numbers of DTR cases from Italy (11% of all isolates, 
mostly Klebsiella spp.), while researchers from France, Hungary, and 
the USA stated a much lower prevalence (max 1%).[11,14–17]

Studies on pregnant women, childs, and adolescents general-
ly show slight differences in epidemiology and AMR. In a wide me-
ta-analysis of Bryce et al.,[18] in E. coli, high resistance rates in first-
line β-lactam antibiotics (over 60%), and relatively lower rates to 
fluoroquinolones (26.8%) and nitrofurantoin (17%) can be observed, 
alongside with an inference that previous antibiotic usage was a pre-
disposing factor for AMR. They noted that Türkiye had the highest 
ampicillin resistance isolates (67%) among OECD countries.[18] Al-
though there was not any data on ampicillin in our study, such high 
rates can be estimated from AMR data of other β-lactam antibiotics. 
Studies like Hanna–Wakim et al.[19] Also found additional independent 
risk factors for AMR in pediatric age groups, such as vesicoureteral 
reflux. Asian and African data on pregnant women actually did not 
show epidemiologic differences, however, higher fluoroquinolone and 
nitrofurantoin resistance along with relatively lower β-lactam resis-
tance were noticeable.[20] This picture is slightly different in American 
data, with lower fluoroquinolone and nitrofurantoin resistance, which 
we believe that it is actually concordant with antibiotic consumption 
habits.[2] Turkish pediatric data were strictly concordant with Eastern 
European data, and indicated similarly, serious rates of β-lactam re-
sistance, fluoroquinolone, and sulfamethoxazole/trimethoprim resis-
tance.[21–25] Our data were not divided into age groups but in general, 
compatible levels of AMR were observed.

There were some limitations of this study. First, we could not 
reach the data before 2017 because of hospital software changes. 
Furthermore, it was unable to discriminate resistance ratios ac-
cording to types of clinics, especially ICUs. The difference in AMR 
between in- and out-patients was out of the scope of our study, 
however, there were only a few isolates (n=31) out of E. coli and 
Klebsiella species. Among these two species, the major difference 
was observed in resistance to trimethoprim-sulfamethoxazole in 
outpatients, which was 22.2% and 27.8% for E. coli and Klebsiella 
species, respectively. Resistance to amoxicillin–clavulanic acid was 
over 30% and resistance to cephalosporins was over 25% in outpa-
tients, generally. As expected, carbapenem resistance in Klebsiella 
species was significantly lower in outpatients (4.8%), of whom the 
majority had a urinary catheter (elders, etc.) (92.3%). Even though 
significant changes were observed in Proteus and Enterobacter 
spp. for carbapenems, the sample sizes were too low to make a 
meaningful comment. Morganella spp. and other species had the 
same sample size issue, which prevented to make the statistical 
evaluation. In addition, cefepime resistance in Enterobacter spp. did 
not show any significant difference, however, amoxicillin-clavulanic 
acid resistance showed a statistically decreasing trend. On the other 
hand, we believe this condition is because of isolated species since 
Enterobacter cloacae complex generally shows resistance to this 
antibiotic and in time, different Enterobacter spp. were isolated and 
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their resistance profiles were also reported. The lack of resistance 
data on nitrofurantion is another issue since it was not able to obtain 
from hospital software. Colistin resistance could not also be tested, 
since it requires broth microdilution method only. Acquired AmpC 
β-lactamase screening could not be interpreted due to the lack of 
cefoxitin susceptibility results in panel; however, it is assumed that 
it is below 30% since it is observed fewer than ESBL in Europe.[26] 
Finally, we could not reach antibiotic consumption data of our area 
to compare with resistance ratios.

CONCLUSION
Antibiotic consumption is strongly related to AMR. In the multi-nation-
ality OECD report, Türkiye had a bad position on AMR but recently 
achieved limited success in the fight against it.[27] We believe, these 
regional differences in terms of AMR clearly show a condition, that 
“microbiology and/or healthcare” is not the only way to fight, the so-
cioeconomic status of the countries, health-care policies, agricultural 
interventions, etc. are all major factors, which must be considered 
while determining policies.
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