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Abstract
Urinary tract infections (UTIs) are a type of bacterial infection that usually occurs in women more of-

ten than men. One cause of these infections is Klebsiella pneumoniae from the Enterobacteriaceae family, 
which is the second most common cause of UTIs after the other member of this family, Escherichia coli. 
This study aimed to determine the infection rate from isolated samples and examine effective and ineffec-
tive antibiotics against K. pneumoniae causing UTIs in hospitals in Zanjan, Iran. In a cross-sectional study 
between April and July 2019, we first started to isolate specimens from hospitals in Zanjan province in 
Iran. Gram stain and differential tests and disk diffusion antibiogram were done. Minimum inhibitory con-
centration (MIC) and minimum bactericidal concentration (MBC) of selected antibiotics by agar dilution 
method were determined. According to the antibiogram patterns, resistance to amoxicillin was the highest 
(80.3%), and the lowest resistance was to nalidixic acid (14.5%). Among the used antibiotics, the highest 
concentration for MIC and MBC was linked to amoxicillin (MIC 128 μg/ml, MBC 256 μg/ml) and the low 
concentration was linked to meropenem (MIC 0.03125 μg/ml, MBC 0.0625 μg/ml). The results indicate 
that K.pneumoniae is resistant to most selected antibiotics and new generations of antibiotics should be 
used to treat infections. 
Keywords: Klebsiella pneumoniae, antimicrobial susceptibility tests, Minimum Inhibitory Concentration, 
urinary tract infections.
Резюме

Инфекциите на пикочните пътища (ИПП) се причиняват от бактерии и обикновено се срещат 
по-често при жените отколкото при мъжете. Една от причините за тези инфекции е Klebsiella 
pneumoniae от семейство Enterobacteriaceae. Това е вторият най-често срещан причинител на ИПП 
след Escherichia coli, друг член на това семейство. Настоящето проучване има за цел да определи 
степента на заразяване и да изследва ефективността на антибиотиците срещу щамове K. pneumoniae, 
изолирани от проби от болници в Занджан, Иран. В това проучване, извършено между април и 
юли 2019 г., за първи път са изолирани проби от болници в този регион. Направено е оцветяване 
по Грам, диференциални тестове и дискови дифузионни антибиограми. Минималната инхибиторна 
концентрация (МИК) и минималната бактерицидна концентрация (МБК) на избраните антибиотици 
са определени чрез метода на разреждане в агар. Според резултатите от антибиограмата, 
резистентността към амоксицилин е най-висока (80.3%), а най-ниската наблюдавана резистентност 
е към налидиксовата киселина (14.5%). Сред използваните в проучването антибиотици, най-високи 
стойности за МИК и МБК са установени за амоксицилин (МИК 128 μg/ml, МБК 256 μg/ml), а ниските 
- за меропенем (МИК 0.03125 μg/ml, МБК 0.0625 μg/ml). Резултатите показаха, че бактерията K. 
pneumoniae е резистентна към повечето използвани антибиотици и за лечение на инфекциите на 
ИПП трябва да се използват нови генерации антибиотици.
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Introduction
Urinary tract infections (UTIs) are the sec-

ond most commonly reported infections in hu-
mans. Also, they are one of the most important 
causes of death in the general population and the 
second most common cause of going to hospital. 
The presence of more than 105 colony-forming 
units (CFU) from an organism per ml in the urine 
sample is a sign of bacterial infection of the uri-
nary tract. Most UTIs are caused by bacteria that 
naturally reside in the colon. Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa 
strains are the major bacteria responsible for UTIs 
(Iregbu and Nwajiobi-Princewill, 2013; Zarei et 
al., 2021). UTIs are due to pathogens in the uri-
nary tract that results in an inflammatory response 
in the urethra. Bacteria proliferation in the urinary 
tract is the cause of infection (Sibi et al., 2011). 
UTIs refers to the presence of pathogen bacteria in 
the urinary tract and usually is classified according 
to the infection section, i.e. bladder infection (cys-
titis), kidney infection (pyelonephritis) or urine in-
fection (bacteriuria) and it can be symptomatic or 
asymptomatic (Beyene and Tsegaye, 2011). UTIs 
in women are more common than men (Foxman, 
2002). Women are particularly at risk of develop-
ing UTIs because the urethra is short, and there are 
certain behavioral factors such as delayed urina-
tion, sexual activity and the use of diaphragms and 
spermicides that promote bacterial placement in 
urethra regions (Karlović et al., 2018). Symptoms 
of UTIs in adults primarily include urinary tract 
irritation and then with painful urinary excretion, 
frequent urination, enuresis, and bladder disorder 
(Chopra and Nanda, 2012). K. pneumoniae is an 
opportunistic pathogen that is widely found in the 
mouth, skin, intestines, as well as in the hospital 
environment and medical device (Guo et al., 2012; 
Mahmoudi et al., 2020). It is widely distributed in 
nature and abundantly found in water and soil (Wu 
et al., 2012). The pathogenesis of K. pneumoniae is 
due to the presence of many pathogenic genes that 
code for pathogens and allows attack on the im-
mune system of mammals causing many types of 
diseases. Some of these pathogenic factors are bio-
film formation, capsule synthesis, adhesion, iron 
uptake, and lipopolysaccharide synthesis (Chung 
et al., 2015; Mahmoudi et al., 2020). Differences 
in the prevalence of antibiotic resistance reported 
in different studies may be due to differences in 
physicians’ ideas on prescribing, availability, and 
cost, and ultimately the laws of different countries 
for prescribing antibiotics (Vaziri et al., 2020). The 

aim of this study was to determine and monitor the 
status of the infection rate in isolated samples, and 
the introduction of effective and ineffective antibi-
otics against K. pneumoniae causing UTIs in hos-
pitals in Zanjan, Iran. 
Materials and Methods
Sample collection and identification of K. 
pneumoniae strains 

In the cross-sectional study, between April 
and July 2019, UTIs specimens were collected 
from Zanjan city hospitals in Iran and sub-cultured 
on MacConkey agar (Merck, Germany) growth 
medium, then incubated at 37ºC for 24 hours. 
Gram stained was performed. Since K. pneumoni-
ae is a gram-negative bacterium, differential and 
biochemical tests were performed and K. pneumo-
niae was identified (Iranpour et al., 2015). After the 
identification of K. pneumoniae, specimens were 
preserved by freezing. Tryptic soy broth (TSB) 
(Merck, Germany)with 10% glycerol was used for 
freezing bacteria samples (Mansour et al., 2009).
Antibiotic susceptibility test 

Antibiotic susceptibility testing was carried 
out for K. pneumoniae isolates by using KirbyBau-
er disk diffusion method according to the Clinical 
and Laboratory Standard Institute (CLSI 2019) 
guidelines, Applied antibiotics (Mast, England) 
including gentamicin (GM) 10 μg, Ceftriaxone 
(CRO)30 μg, Cefotaxime (CTX) 30 μg, Ampicillin 
(AMP) 10 μg, Co-trimoxazole (SXT) 25 μg, Cip-
rofloxacin (CP) 5 μg, amoxicillin(AMOX)10 μg, 
nalidixic acid (NA) 30 μg meropenem (IMP) 1 μg. 
K. pneumoniae ATCC 25955 was used as a posi-
tive control for quality control and evaluation of 
results (Lobo et al., 2019). 
Minimum Inhibitory Concentration (MIC) and 
Minimum Bactericidal Concentration (MBC) 

The selected antibiotics MIC and MBC on 
K. pneumoniae were determined by agar dilution 
method. 17 various concentrations from 0.015625 
μg/ml to 1024 μg/ml were used. After preparing 
the microbial suspension equal to 0.5 McFarland 
turbidity, inoculation was carried out with Mueller 
Hinton Agar (MHA) with the desired concentra-
tion of antibiotic. After incubation at 37ºC for 24 
hours, growth or non-growth of the bacteria was 
investigated, and the minimum concentration of 
antibiotic that prevents the visible growth of bac-
teria was considered MIC and the minimum bacte-
ricidal concentration of antibiotic was also consid-
ered MBC (Iranpour et al., 2015).
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Statistical analysis
Data were analyzed using mean and standard 

deviation (SD) statistics for quantitative and fre-
quency data and frequency percentage for qualita-
tive data as well as SPSS software version 21.
Results 

The total number of UTIs samples collected 
from hospitals in Zanjan, Iran, was 117. The pat-
tern of antibiotic resistance of these bacteria was 
evaluated. The highest K. pneumoniae sensitivity 
was related to nalidixic acid (83.8%). gentamicin 
(71.8%), and meropenem (71%). Also, K. pneumo-
niae showed the highest resistance to amoxicillin 
(80.3%), as well as to Cefotaxime (60.7%), and 
Co-trimoxazole (57.3%). The results of the anti-
biogram test are shown in Fig. 1. K. pneumoniae 
showed the highest sensitivity to nalidixic acid, 
with 16 μg/ml the highest percentage of MIC, and 
32 μg/ml the highest percentage of MBC. 

R: Resistant, I: Intermediate, S: Sensitive

Fig. 1. Results of antibiogram for K. pneumoniae

Discussion
K. pneumoniae causes UTIs. Due to the re-

sistance of this bacterium to many antibiotics, the 
study on the prevalence and effective antibiotics in 
its treatment seems necessary. Vuotto et al. (2014) 
examined antibiotic resistance associated with bio-
film formation in K. pneumoniae. The results of this 
study showed that intrinsic resistance to antimicro-
bial agents has increased dramatically when the 
strains of K. pneumoniae were grown as biofilms 
(Vuotto et al., 2014). Shaikh et al. (2016) examined 
the prevalence of UTIs in childhood. The incidence 
of UTIs varies with age, sex, race and circumcision. 
Uncircumcised boys under the age of three months 
and girls under the age of twelve months were the 
most prone to UTIs. Sikarwar et al. (2016) inves-
tigated the prevalence of K. pneumoniae resistant 
to antimicrobial drugs. In their study, they found 

that K. pneumoniae strains had a high sensitivity 
to gentamicin. They also found that 28% to 76% 
of them were resistant to cephalosporin. Jamil et 
al. (2014), investigated multi-drug (MDR) resis-
tant K. pneumoniae causing UTIs in children. The 
antimicrobial sensitivity pattern of K. pneumoniae 
had shown that more than 70% of these pathogens 
were resistant to cephalosporin, 69% were resistant 
to ciprofloxacin and Co-trimoxazole and 63% resis-
tant to nalidixic acid (Navidinia et al., 2017). The 
reason of this discrepancy with the results of other 
studies is probably the prevalence of K. pneumo-
niae in that area. Mansour et al. (2009) examined 
bacteria isolated from UTIs and their susceptibility 
to antibiotics. Results indicated that gram-negative 
bacilli were responsible for UTIs in patients and 
the most common antimicrobial agents were also 
amikacin, tobramycin and ciprofloxacin (Mansour 
et al., 2009). Shah et al. (2009) investigated bacte-
rial profiles and antibiotic susceptibility. According 
to their results from 232 patients, bacterial strains 
were detected in 177 (76.29%) specimens. Among 
these, 137 (77.40%) cases were from women. The 
most common organisms were E. coli sensitive to 
amikacin and nitrofurantoin. Antibiotic susceptibil-
ity patterns of Klebsiella and Acinetobacter have 
shown that they have high sensitivity to amikacin. 
Klebsiella and Acinetobacter have high resistance 
to ampicillin and gentamicin (Indumathi, 2017). 
Galate et al. (2015) studied microbial profiles and 
antibiotic susceptibility patterns in UTIs. They used 
patients with clinical diagnosis of UTIs in their 
study. Urine specimens of this disease were tested 
by microscopy and culture media. All positive cul-
tures were tested for antibiotic susceptibility. Of the 
732 patients, strains were detected in 314 (42.89%) 
samples. Among them, 64.01% were women. The 
most common microbial agent was E. coli. Also, 
gram-negative bacteria are highly sensitive to ami-
kacin and Piperacillin/Tazobactam and are resistant 
to nalidixic acid, ciprofloxacin and co-trimoxazole 
(Galate and Bangde, 2015). Different results can 
also be related to differences in the health level of 
various regions and societies of the world, cultural 
differences, and the difference in access to physi-
cians and medications. Hence, the health-care pol-
icies of countries have a direct relationship with 
the health of their communities. El Bouamri et al. 
(2015) examined the antimicrobial susceptibility of 
urine K. pneumoniae and the emergence of strains 
resistant to carbapenemases. According to the re-
sults of their studies, K. pneumoniae accounted for 
22% of all strains isolated from Enterobacteriace-
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ae during the study. The rate of bacterial resistance 
of K. pneumoniae with the absence of extended 
spectrum beta-lactamase (ESBL) production in this 
study was as follows: trimethoprim-sulfamethoxaz-
ole (61%), amoxicillin/clavulanic acid (51%), cip-
rofloxacin (32%), gentamicin (21%) and amikacin 
(11%). ESBL producing K. pneumoniae included 
25.5% of all urine K. pneumoniae strains showed re-
sistance to trimethoprim-sulfamethoxazole (89%), 
gentamicin (89%), ciprofloxacin (84%) and amika-
cin (50%) (El Bouamri et al., 2015). In agreement 
with our results, Chowdhury et al. (2015) exam-
ined the antibiotic susceptibility of bacteria among 
patients with UTIs. According to their results, E. 
coli (82.6%), and K. pneumoniae (14.6%) were 
the most common uropathogenic strains. They also 
found that the highest sensitivity rate was related 
to imipenem, nitrofurantoin, meropenem, ceftazi-
dime, gentamicin, chloramphenicol and amikacin. 
Most isolated strains showed a high percentage of 
resistance to amoxicillin, ciprofloxacin, levofloxa-
cin, ceftriaxone, co-trimoxazole and nalidixic acid 
(Chowdhury and Parial, 2015). 
Conclusion

According to the results of this study, K. 
pneumoniae is resistant to most selected antibiot-
ics. Therefore, it is recommended to have strict an-
tibiotics utilization policies within hospitals and to 
support clinicians on the rational choice of antibiot-
ics therapy and regularly update the list and reliable 
sources of drugs.
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