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Abstract

Urinary tract infection (UTI) is one of the most common bacterial infection most commonly by 
Escherichia coli. The aim of this study was to evaluate the resistance pattern and susceptibility of some 
antibiotics to E. coli isolated from urinary tract infections and to determine the Minimum Inhibitory Con-
centration (MIC) and Minimum Bactericidal Concentration (MBC) of the antibiotics used, would lead 
to prescribing the most effective antibiotics for the treatment of patients with UTIs. In this descriptive 
cross-sectional study, 524 samples were collected from hospitals in Zanjan for six months from April to 
October 2018. After sample collection of UTIs, culture, Gram stain and differential tests were done and 
bacteria species were identified. Antibiotic resistance assay was performed by disk diffusion method and 
also MIC and MBC were determinated by agar dilution method. The highest rate of resistance was to Ce-
fotaxime (89%) and the greatest sensitivity was to Nitrofurantoin (83.2%). Also the highest concentration 
of MIC and MB was related to Amoxicillin (MIC=128 µg/ml; MBC=256 µg/ml) and the low concentration 
related to Ciprofloxacin (MIC=0.0625 µg/ml; MBC=0.125 µg/ml). This study showed that the resistance of 
E. coli to most antibiotics increased and also that early detection of antibiotic resistant strain is necessary in 
order to select appropriate treatment and prevent the spread of antibiotic resistance.
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Резюме 

Инфекцията на пикочните пътища (ИПП) е една от най-честите бактериални инфекции, която 
в повечето случаи се причинява от Escherichia coli. Целта на това проучване е да се оцени моделът 
на резистентност и чувствителността на някои антибиотици към щамове E. coli, изолирани от ин-
фектирани пикочни пътища и да се определят минималната инхибираща концентрация (МИК) и 
минималната бактерицидна концентрация (MБК) на използваните антибиотици, което би довело до 
предписване на най-ефективните антибиотици за лечение на пациенти с ИПП. За това проучване 
са събрани 524 проби от болници в Занджан в продължение на шест месеца от април до октомври 
2018 г. От събираните проби са изолирани култури, проведено е оцветяване по Грам и диференци-
ални тестове с цел идентифициране на бактериите. Анализът на резистентност към антибиотици е 
извършен чрез метод на дискова дифузия. Стойностите на МИК и МБК са определени чрез метод 
на разреждане в агар. Най-високата степен на резистентност е установена срещу цефотаксим (89%), 
а най-голяма чувствителност - към нитрофурантоин (83.2%). Висока стойност на МИК и МБК е 
установена при въздействие с амоксицилин (MIC=128 µg/ml; MBC=256 µg/ml), а съответни ниски 
стойности са свързана с ципрофлоксацин (MIC=0.0625 µg/ml; MBC=0.125 µg/ml). Това проучване 
показа, че резистентността на E. coli към повечето антибиотици се е увеличила и че навременното 
доказване на резистентен на антибиотик щам е важно, както на избирането на подходящо лечение, 
така и за предотвратяване разпространението на антибиотична резистентност.

Introduction
Urinary tract infection (UTI) is a common 

disease among men and women, but the incidence 
of this disease among women is very high due to 

their physiology. As the name suggests, the infect-
ed sections of the urinary tract, which consists of 
the upper and lower urinary tract, are named based 
on the infection part and including cystitis and py-
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elonephritis. Studies have identified UTIs as the 
most common form of bacterial infection (Parveen 
et al., 2011; Demilie et al., 2012). UTI can be a 
consequence of poor diagnosis and can be consid-
ered as a commonly acquired hospital infection 
(Boye et al., 2012; Mahmoudi et al., 2020). The 
bladder infection often continues with kidney in-
fection and results in blood borne infection and in 
severe conditions leading to severe consequences 
including death (Rahimkhani et al., 2008). Preg-
nancy increases the risk of infection among women 
(Whalley, 1967; Dafnis and Sabatini, 1992). In ad-
dition to pregnancy, sexual intercourse and family 
history also play a major role in the development 
of UTIs (Fatima and Ishrat, 2006). Urine is gen-
erally considered sterile and believed to be free 
of germs. Any source of possible infection occurs 
through the urinary tract that starts the onset of 
infection. Escherichia coli is the dominant patho-
gen responsible for UTI, which accounts for 80% 
to 85%, followed by Staphylococcus saprophyti-
cus responsible for 5% to 10% of the infection. In 
addition to the mentioned bacterial species, Kleb-
siella, Proteus, Pseudomonas and Enterobacter are 
associated with UTI (Vasudevan, 2014). UTIs are 
categorized as symptomatic and asymptomatic. If 
the urine contains significant numbers of bacteria 
but no symptoms, this is called asymptomatic bac-
teriuria; and in some cases, it has symptoms such as 
frequent urination, dysuria and hematuria, which is 
called symptomatic infection. Asymptomatic infec-
tion is usually more common in women than in men 
and can also affect the kidneys, leading to kidney 
failure (Vasudevan, 2014) . UTIs are also classified 
as complicated and uncomplicated. On the other 
hand, uncomplicated is a consequence of bacteri-
al infection and occurs in women more than men. 
This consists of a common form of the infection 
like cystitis and pyelonephritis. In contrast, compli-
cated UTI can occur throughout the life of men and 
women and cause irreparable complications and 
can even lead to death in severe conditions. This 
kind of infection is very intricate and difficult to 
treat, and it is also persistent. Bladder and kidney 
function impairment as well as kidney transplanta-
tion provide favorable conditions for the spread of 
this infection  (Vasudevan, 2014; Mahmoudi et al., 
2020). Recurrent urinary tract infection (RUTI) is 
a common phenomenon that is seen among women 
who have experienced uncomplicated UTI and are 
classified as reinfection and relapse. Most cases re-
late to reinfection and the condition is controlled by 
antibiotic therapy for a few weeks. The less com-

mon case of RUTI is the relapse type, which is the 
result of a treatment failure that the patient faces 
with previous infection conditions. This is often as-
sociated with pyelonephritis leading to renal failure 
(Vasudevan, 2014). E. coli is a commensal bacteri-
um that lives innocuously in the human intestinal 
microflora (Bélanger et al., 2011). This bacterium 
is the most common gram-negative, non-spore-
forming and facultative anaerobic bacteria of the 
Enterobacteriaceae family in the human digestive 
system (Welch, 2006; Hossinpour et al., 2019). E. 
coli is often considered an opportunistic pathogen 
(Mahmoudi et al., 2020) and usually resides in the 
end sections of the mammalian small intestine and 
colon (Welch, 2006). Many of the antimicrobial 
therapies are not effective sometimes and excessive 
use of antibiotics could result in development of 
multidrug resistance organisms. Since due to acute 
symptoms of UTI, antibiotic therapy will be start-
ed before receiving the result of urine culture and 
antibiogram, determination of the causative strains 
for infection and especially the pattern of antibiotic 
resistance in each area is essential to find a prop-
er antibiotic for first line therapy and consequently 
to prevent greater drug resistance by prescribing 
better drugs. The aim of this study was to evalu-
ate the resistance pattern and susceptibility of some 
antibiotics to E. coli isolated from urinary tract in-
fections, and determining the Minimum Inhibitory 
Concentration (MIC) and Minimum Bactericidal 
Concentration (MBC) of the antibiotics used would 
lead to prescribing the most effective antibiotic for 
the treatment of patients with UTIs.
Materials and Methods
Sample collection and isolation

This is a cross sectional study, where 524 
samples were collected from hospitals in Zanjan, 
Iran for six months from April to October 2018. To 
determine the species of collected bacteria, first they 
were sub-cultured on blood agar and MacConkey 
agar (Merck Germany) growth medium and incu-
bated for 24 hours at 37°C. Gram staining was per-
formed to determine the gram- negative or positive. 
Then, for the gram-negative sample, differential 
tests including Simmons citrate, sulfide-indole-mo-
tility, methyl red-Voges-Proskauer (MR-VP) and 
triple sugar iron agar (TSI) were done (Mahmoudi 
et al., 2020).
Antibiotic susceptibility test 

The following antibiotics disks (Mast Group 
Co, UK) were used: Gentamicin, Nalidixic Acid, 
Co-trimoxazole, Amoxicillin, Ciprofloxacin, 
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Co-amoxiclav, Ceftriaxone, Doxycycline, Cefotax-
ime and Nitrofurantoin. Antibiotic susceptibility test 
was determined by disk diffusion method, according 
to the Clinical and Laboratory Standard Institute 
(CLSI 2018) guidelines. For quality control and 
evaluation of results, Escherichia coli ATCC25922 
was used as a positive control (Etebarzadeh et al., 
2012; Shojaiyan et al., 2016). 
Determination of MIC and MBC 

For determination of MIC and MBC on E. 
coli, 17 various concentrations including 0.015625 
µg/ml to 1024 µg/ml were used by agar dilution 
method. To do this, a microbial suspension equal 
to 0.5 McFarland turbidity was prepared from bac-
teria, then inoculated on culture medium consisting 
of MHA plus desired concentrations of antibiotics 
and incubated at 37°C for 24 hours (Mohajeri et al., 
2011; Lashgari et al., 2014).
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
Bacteria isolation and identification

The total number of UTI samples collected 
within 6 months from Zanjan hospitals, Iran, were 
524 cases. After the implementation of differential 
tests, description of the samples separately was in-
cluded: 191 E. coli, 165 Staphylococcus spp., 117 
Klebsiella spp., 47 Proteus spp., 13 Enterobacter 
spp., and 9 Pseudomonas spp. (Fig. 1).
Results of disk diffusion 

The results of the antibiogram test are present-
ed in Table 1. According to the results, the highest 

sensitivity was related to Nitrofurantoin (83.2%), 
Ceftriaxone (81.2%) and Gentamicin (76.4%), re-
spectively. Also, the highest resistance was related 
to Cefotaxime (89%), Nalidixic Acid (83.3%) and 
Amoxicillin (83.2%), respectively.

Fig. 1. Frequency of different bacteria from UTI 
samples collected Zanjan hospitals, Iran.
MIC and MBC determination 

According to the results, E. coli showed the 
greatest sensitivity to Nitrofurantoin and 16 µg/ml 
was the highest percentage for its MIC. The high-
est resistance of E. coli was related to Cefotaxime 
and 0.5 µg/ml was the highest percentage for MIC. 
As mentioned, E. coli was most sensitive to Nitro-
furantoin and 32 µg/ml was the highest percentage 
for MBC. Also, the highest resistance of E. coli was 
related to Cefotaxime and 1 µg/ml was the highest 
percentage for MBC. 
Discussion

Our research found that treatment of uropath-
ogenic E. coli (UPEC) is one of the major causes 
of UTIs. This bacterium is part of the normal flora 
in the intestine, which can be introduced via many 
paths. Particularly for women, the path to cleaning 
the feces after passing out of the stool becomes 
fecal contamination in the urinary tract (Hilbert, 

Table 1. Results of disk diffusion antibiogram for samples of E. coli
Antibiotic Total (%) Resistant (%) Intermediate (%) Sensitive (%)
Gentamicin 191 (100%)  34 (17.8) 11 (5.8) 146 (76.4)
Nalidixic acid 191 (100%) 160 (83.8) 0(0) 31 (16.2)
Co-amoxiclav 191 (100%) 132 (69.9) 0(0) 59 (31.1)
Amoxicillin 191 (100%) 159 (83.2) 0(0) 32 (16.8)
Ciprofloxacin 191 (100%)   64 (33.5) 0(0) 127(64.5)
Co-trimoxazole 191 (100%) 150 (78.5) 0(0) 41(21.5)
Ceftriaxone 191 (100%)   36 (18.8) 0(0) 155(81.2)
Doxycycline 191 (100%) 131 (68.6) 0(0) 60(31.4)
Cefotaxime 191 (100%) 170 (89.0) 0(0) 21(11)
Nitrofurantoin 191 (100%)   32 (16.8) 0(0) 159 (83.2)
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2011). UPEC is responsible for about 90% of UTIs 
in people with normal anatomy. Since women have 
a shorter urinary tract than men, they are 14 times 
more likely to get the disease (Todar, 2007). In the 
development of the infection, the stool bacteria in the 
urinary tract produce colonies and spread from the 
urinary tract to the bladder, as well as pyelonephri-
tis or prostate in men (Nicolle, 2008). The results of 
the current study are similar to those of Aboderin et 
al. (2009), who looked at antimicrobial resistance 
in E. coli strains of UTIs. According to their study, 
the highest sensitivity was for Nitrofurantoin and 
there was also resistance to Amoxicillin, which are 
both consistent with the current study; But contrary 
to the findings in current study that Gentamicin was 
sensitive, they reported it as resistant (Aboderin et 
al., 2009). Another study by Chulain et al. (2005) 
was conducted to investigate the antimicrobial re-
sistance of E. coli associated with UTI, which was 
almost the same with the present study for several 
antibiotics. They reported the highest sensitivity to 
Nitrofurantoin (96.7%) and also Amoxicillin was 
reported as resistant, which result is consistent with 
the present study. Also, contrary to the results in the 
present study that Nalidixic Acid (83.8%) is resist-
ant, they reported Nalidixic Acid (93.9%) as sensi-
tive (Chulain et al., 2005). In a study conducted by 
Adwan et al. on E. coli isolated from urine speci-
mens, the highest resistance was related to Amox-
icillin and Cefotaxime and the least resistance was 
related to Gentamicin, which are all like our study 
results (Adwan et al., 2014). Vranic and Uzunovic 
(2016) investigated the antimicrobial resistance of 
E. coli isolated from the urine of the patient popu-
lation. According to their results, the most common 
cause of UTI is E. coli, which is consistent with our 
study. In their study, the highest resistance was re-
lated to Ampicillin (82.79%), while in our study it 
is for Cefotaxime (89%). Nalidixic Acid resistance 
percentage in their study is (19.5%) but in our study 
is (83.8%) and in this sense has shown the greatest 
resistance after Cefotaxime (Vranic and Uzunovic, 
2016). Boyi et al. (2012) examined the bacteriuria 
and antimicrobial susceptibility of E. coli isolated 
from urine of asymptomatic university students in 
Nigeria. According to their results, one of the most 
effective antibiotics against E. coli is Gentamicin, 
which is fully consistent with our study. Ifeanyi-
chukwu et al. (2017) investigated the antibiogram 
of UPEC isolated from urine samples of pregnant 
women. In their study, the isolated E. coli were 
highly resistant to Amoxicillin, Co-amoxiclav, Cef-
triaxone, Nitrofurantoin and Nalidixic Acid. Also 

they reported Cefotaxime as sensitive. In compari-
son with our study, Amoxicillin, Co-amoxiclav and 
Nalidixic Acid completely match, but in our study 
ceftriaxone and Nitrofurantoin was reported as sen-
sitive. Thus, they have reported Cefotaxime as sen-
sitive, which is contrary to our study (Ifeanyichuk-
wu et al., 2017).
Conclusion

According to the results of this study, three 
antibiotics including Nitrofurantoin, Ceftriaxone 
and Gentamicin are the most effective treatment 
options for UTIs caused by E. coli. Finally, it is 
suggested that the most effective antibiotics be pre-
scribed by the physician for the treatment of UTIs 
caused by E. coli, as well as the course of treatment 
be completed by the patient to prevent the problem 
of antibiotic resistance and treatment failure.
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