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Abstract

Background Increasing resistance of bacteria to antimicrobial agents is a significant problem worldwide. This
study aimed to assess the pattern of antibiotic resistance among bacteria that cause urinary tract infections (UTls) in
patients admitted to the infectious ward of Imam Khomeini Hospital in Kermanshah between 2016 and 2018, based
on urine culture samples.

Methods The present study was a cross-sectional and descriptive study. The study’s statistical population included

all patients referred to the infectious disease ward of Imam Khomeini Hospital due to urinary tract infections during
the project period. Urine samples were collected in sterile containers, and by using a calibrated loop, the urine sample
was cultured on EMB and blood agar media under sterile conditions. Microbial sensitivity was performed by standard
disk diffusion method, and the results were analyzed using SPSS-V 16 software.

Results The antibiotic resistance assays showed that the highest resistance included nalidixic acid (73.5%), ciprofloxa-
cin (72.1%), cotrimoxazole (70.6%), and ceftazidime (61.8%), cefixime (57.4%), ceftriaxone (48.5%), gentamicin (32.4%),
cephalothin (16.6%), nitrofurantoin (10.3%), norfloxacin (5.9%), cefotaxime (4.4%), imipenem (2.9%), cefepime (2.9%),
ampicillin (2.9%), ceftizoxime (1.5%), vancomycin (1.5%), cefazolin (1.5%), and chloramphenicol (1.5%), respectively.

In addition, investigating the antibiotic resistance of UTl-causing bacteria according to the gender and age of the
patients in the present study showed no significant statistical difference (P> 0.05).

Conclusion The bacteria causing urinary infections in the study area mainly belonged to the E. coli and Klebsiella

families. Considering the determination of antibiotic sensitivity patterns in common organisms in the studied area, its
report to doctors can be considered in experimental treatments.
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1 Background

Urinary tract infections (UTIs) are humans’ most com-
mon bacterial infections, occurring in all age groups [1].
Lack of proper diagnosis and timely treatment can cause
severe complications, such as urinary tract disorders,
scars remaining in the kidney parenchyma, blood pres-
sure, and uremia, and in pregnant women, they cause
premature birth and even miscarriage [2]. Urinary tract
infections, including cystitis and pyelonephritis, are com-
mon in the hospital. Among the pathogens that cause
urinary infections, E. coli is the dominant pathogen that
causes nearly 80% of infections and infects 8—10 million
people in the USA annually [3, 4].

Based on the statistics of international organizations,
17-29 billion dollars are spent annually on the treating
hospital infections, of which 39% are related to the costs
caused by urinary infections [4]. Gram-negative bacilli
are the most common etiological factor of UTI; among
them, E. coli accounts for more than 80% of acute uri-
nary tract infections [5]. Staphylococcus saprophyticus
is the cause of 5-10% of urinary infections; other bacte-
rial causes include Klebsiella, Proteus, Pseudomonas, and
Enterobacter. These cases are not very common and are
usually related to urinary system abnormalities or uri-
nary catheters [5, 6].

Infectious diseases are always considered a serious
threat to health. With the discovery of antibiotics, the
death caused by infectious diseases has decreased signifi-
cantly. However, these diseases are returning due to the
uncontrolled use of antibiotics and resistance to them.
Owing to the increase in resistance to antibiotics, the
world urgently needs to change the pattern of consump-
tion and prescription of this valuable medicinal source
[7, 8]. If the consumption of medicines remains with the
same pattern, even the production and development of
new medicines cannot prevent the increase of resistance
to antibiotics. In addition to the lack of uncontrolled use
of antibiotics, measures to reduce the spread of infec-
tion through regular vaccination, regular hand washing,
and paying attention to food hygiene are necessary [9]. It
should be noted that antibiotics can only treat bacterial
infections and are ineffective against viral infections such
as colds, sore throats, and influenza.

In other words, it can be stated that antibiotics become
resistant to these medicines through gene mutation and
new generations arise that cannot be combated [10]. One
of the most important factors of this type of medicine
resistance is the uncontrolled and excessive use of anti-
biotics. This phenomenon endangers human society, so
its danger has been likened to terrorism. These bacteria’s
resistance to antibiotics is one of the biggest challenges
that threaten the health of humans in the modern era [11,
12].
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Nowadays, the treating these types of infections has
faced severe problems due to the increasing use of anti-
biotics and the subsequent increase in antibiotic resist-
ance. The basis for treating urinary infections is selecting
a highly efficient and effective antibiotic [13]. Antibiot-
ics that were once effective now have minimal effect on
bacteria that cause urinary tract infections, primarily
due to the emergence and spread of bacteria-resistant
strains, population growth, travel, and uncontrolled and
excessive use of antibiotics [11, 12, 14]. Different studies
suggest that regardless of the pattern of antibiotic con-
sumption, antibiotic-resistance genes can be transferred
among bacterial populations [14]. Urinary tract infec-
tions are more common in females than males. Around
half of all females experience at least one infection during
their lifetime, and recurrences are common [15-17].

Changing the sensitivity pattern of bacteria to different
antibiotics over time and in different geographical areas
has become a serious problem. Hence, antibiotic treat-
ment of infections should be based on the information
obtained from the antibiotic sensitivity and resistance
pattern. Due to the increasing use of antibiotics and the
subsequent increase in antibiotic resistance, as well as the
differences in antibiotic sensitivity in dealing with differ-
ent bacteria, recognizing the sensitivity pattern of this
organism to antibiotics can be helpful in the treatment
of most patients suffering from a urinary tract infection
[18-20]. The present study aims to evaluate the antibi-
otic resistance pattern of UTI-causing bacteria in urine
culture samples of infectious ward patients of Imam
Khomeini Hospital in Kermanshah between 2016 and
2018.

2 Methods

2.1 Study locations and ethical approval

The present study was a cross-sectional and descriptive
study. After obtaining the consent form from all patients,
the study’s statistical population included all patients
referred to the infectious disease ward of Imam Khomeini
Hospital due to urinary tract infections during the pro-
ject period. Based on the study by Mahmoudi et al. [21],
E. coli isolates in urinary infection samples have the high-
est resistance to co-trimoxazole antibiotics (74%). Based
on 74% resistance, the minimum sample volume formula
and 95% confidence, and the error of 0.1, the minimum
sample size is 74 people. The code of ethics (IR. KUMS.
REC.1398.191) was received from the Kermanshah Uni-
versity of Medical Sciences after obtaining permission
from the research assistant. Inclusion criteria were cath-
eterized patients with a final diagnosis of urinary tract
infection, no history of hospitalization and catheteriza-
tion, and no antibiotic use for two weeks before send-
ing their samples to the laboratory. In addition, patients
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who consumed antibiotics during sampling or one month
after hospitalization were excluded from this research.

2.2 Sample collections and culture procedure

For the final diagnosis of urinary tract infection, mid-
stream urine samples were collected in sterile contain-
ers and using a calibrated loop (0.01 ml). The midstream
urine sample was cultured on EMB and blood agar
media under sterile conditions incubated at 37 °C. After
18-24 h, the samples in which the number of grown
colonies was equal to or more than 100,000 CUF/ml
were considered positive regarding urinary infection. To
identify the bacteria, biochemical tests and differential
culture media such as indole production and motility
(sulfide indole motility: SIM), triple sugar iron agar (TSI),
urease, methyl red (methyl red), Voges—Proskauer, lysine
decarboxylase (LD) were used.

2.3 Antibiotic susceptibility test

Antibiotic resistance tests were performed using 11 anti-
biotic disks, including ceftazidime (30 pg), cefotaxime
(30 pg), imipenem (10 pg), cefixime (5 pg), nitrofurantoin
(300 pg), cotrimoxazole (25 pg), nalidixic acid (30 ug),
ciprofloxacin (5 pg), gentamicin (10 pg), ampicillin
(25 pg), and cefoxitin (30 pg) [16]. The sample was placed
on a plate and incubated at 37 °C. After 24 h, the inhibi-
tion zone diameter was measured and used to determine
antibiotic susceptibility (i.e., susceptible or resistant) for
each microorganism, according to CLSI guidelines [15].
A checklist was completed based on demographic and
laboratory information to identify the bacteria that cause
urinary tract infections and their antibiotic resistance,
which is available in the laboratory of Imam Khomeini
Hospital, by the project executor.

2.4 Statistical analysis

Data were performed using Microsoft Office Excel 2013,
SPSS version 16 (Statistical Package for Social Sciences).
The Chi-square or Fisher’s exact test was performed to
investigate the significance of the differences. A p-value
of less than 0.05 was considered statistically significant.

3 Results

Seventy-four patients with urinary tract infections
referred to the infectious ward of Imam Khomeini Hos-
pital were studied. The following sections deliberately
describe each phase using the data from these patients.

3.1 Identifying the frequency of bacteria causing urinary
infection

After carrying out bacterial cultures, eight different

bacteria species were identified from the urine sample

with significant growth. The most common bacterium
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causing urinary tract infections in patients was E. coli
(58.82%), followed by Klebsiella (19.12%), Acinetobac-
ter (11.76%), Staphylococcus aureus (2.95%), and Pseu-
domonas (2.94%). Staphylococcus epidermidis (1.47%),
Pseudomonas aeruginosa (1.47%), and Staphylococcus
auricularis (1.47%) which were the least frequent isolates
in this population, as shown in Fig. 1.

3.2 Identifying the frequency of used antibiotics

Based on the results of this study, the most common anti-
biotics used in the studied patients were nalidixic acid
(73.53%), ciprofloxacin (72.06%), cefixime (72.05%), and
cotrimoxazole (70.59%), ceftazidime (61.76%), ceftriax-
one (61.76%), amikacin (33.82%), imipenem (27.94%),
gentamicin (32.35%), cephalothin (16.18%), and vanco-
mycin (14.7%), respectively, as shown in Table 1.

3.3 Identifying the frequency of UTI-causing bacteria
based on age

Patients were divided into six age groups:<30 years,
31-40 years, 41-50 years, 51-60 years, 61-70 years,
and >71 years (Table 2). Accordingly, in Table 2, the uri-
nary infection with the bacterial agent E. coli was more
(40%) in the >71 age group and the lowest in the 41-50
age group (2.5%). Klebsiella bacterial agent was seen in all
age groups except <30. The bacterial agent Acinetobacter
was seen in age groups >41. The bacterial agent Staphy-
lococcus aureus was seen only in two age groups>71
and <30. Bacterial agents Staphylococcus epidermidis,
Pseudomonas aeruginosa, and Staphylococcus auricula-
ris were seen in the age groups 61-70, 51-60, and <30,
respectively. In contrast, the bacterial agent Pseudomonas
was seen only in groups 51-60 and those >71.

3.4 ldentifying the frequency of UTI-causing bacteria
based on gender

Table 3 shows the frequency of UTI-causing bacteria
according to gender. E. coli showed a higher percentage
of urinary tract infections in females (55%) than in males
(45%). Meanwhile, UTIs caused by Klebsiella bacteria
were 64.5% and 35.5% in women and men, respectively.
In addition, UTIs caused by the bacterial agent Acineto-
bacter were 62.5 and 37.5% in women and men, respec-
tively. The prevalence of UTI caused by Staphylococcus
aureus and Pseudomonas bacteria was the same (50%) in
both sexes. In contrast, the prevalence of UTI caused by
Staphylococcus epidermidis and Staphylococcus auricula-
ris bacteria was seen only in the female population, and
Pseudomonas aeruginosa bacteria were seen only in the
male population.
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Fig. 1 Frequency of bacteria causing blood infection in the studied patients

3.5 Antibiotic resistance of UTIl-causing bacteria
Antibiotic resistance test of bacteria causing urinary tract
infections showed that the highest resistance was related
to ciprofloxacin (72.1%), nalidixic acid (73.5%), and cot-
rimoxazole (70.6%). On the other hand, the lowest anti-
biotic resistance of the bacteria responsible for urinary
tract infections was related to vancomycin (1.5%), cefti-
zoxime (1.5%), cefazolin (1.5%), and chloramphenicol
(1.5%) as mentioned in Table 4.

3.6 Identifying the frequency of antibiotic resistance
of UTl-causing bacteria based on the age

As seen in Table 5, ciprofloxacin showed the high-
est resistance among all antibiotics in the age group of
61-70. While rifampin, metronidazole, tazocin, clinda-
mycin, and isoniazid antibiotics did not cause resistance
in any age group. Based on the results of the present
study, no statistically significant difference was observed
in terms of antibiotic resistance of UTI-causing bacteria
based on the age of the patients (P>0.05).

3.7 Ildentifying the frequency of antibiotic resistance

of UTl-causing bacteria based on gender
Table 6 shows that men’s antibiotic resistance was related
to nalidixic acid (73.14%) and ceftazidime (67.74%). Cot-
rimoxazole (78.39%) and nalidixic acid (72.97%) antibi-
otics had the highest resistance in women. Based on the
results of the present study, no statistically significant

difference was observed in terms of antibiotic resist-
ance of UTI-causing bacteria found on the gender of the
patients (£>0.05). Only more antibiotic resistance to
gentamicin was reported as significant in males than in
females (P=0.039).

4 Discussion

The incidence of antibiotic resistance is increasing dra-
matically worldwide. UTI, which affects numerous
individuals yearly, is an infectious illness generated by
bacteria with various antibiotic resistance patterns [22].
On the other hand, the increasing spread of antibiotic
resistance causes additional treatment costs, hospitaliza-
tions, and more deaths [23]. Considering that many stud-
ies have not been conducted to evaluate the results of
antibiotic resistance treatment in pathogens in the west-
ern region of Iran, the present study was conducted to
investigate the effects and clinical consequences of anti-
biotic resistance in urinary pathogens in patients with
UTIL This study was conducted on 74 patients diagnosed
with urinary tract infection (UTI)-causing bacteria in the
urine culture samples admitted to Imam Khomeini Hos-
pital in Kermanshah between 2016 and 2018.

The results of the present study also showed that E. coli
and Klebsiella, in general, were the most common causes
of urinary tract infections, consistent with other studies
[24]. These findings were in line with the studies of other
researchers in this field [25, 26]. In addition, consistent
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Table 1 Number and frequency percentage of antibiotics used
in the studied patients

Consumed antibiotics Number f (%)
Norfloxacin

Consumed 4 88.5

Not consumed 64 12.94
Imipenem

Consumed 19 27.94

Not consumed 49 72.06
Vancomycin

Consumed 10 14.71

Not consumed 58 58.29
Rifampin

Consumed 2 2.94

Not consumed 66 97.06
Metronidazole

Consumed 4 5.88

Not consumed 64 94.12
Tazocin

Consumed 3 441

Not consumed 65 95.59
Clindamycin

Consumed 3 441

Not consumed 65 95.59
Amikacin

Consumed 23 3382

Not consumed 45 66.18
Nitrofurantoin

Consumed 0 0

Not consumed 68 100

Co-trimoxazole

Consumed 48 70.59

Not consumed 20 2941
Norfloxacin

Consumed 4 5.88

Not consumed 5.88 94.12
Cefotaxime

Consumed 3 441

Not consumed 65 95.59
Streptomycin

Consumed 1 147

Not consumed 67 98.53
Ampibactam

Consumed 3 441

Not consumed 65 65.59
Azithromycin

Consumed 4 5.88

Not consumed 64 94.12
Isoniazid

Consumed 1 147

Not consumed 67 98.53

Chloramphenicol
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Table 1 (continued)

Consumed antibiotics Number f (%)
Consumed 1 147
Not consumed 67 98.53

Tetracycline
Consumed 0 0
Not consumed 68 100

Ofloxacin
Consumed 0 0
Not consumed 68 100

Cefazolin
Consumed 1 147
Not consumed 67 98.53

Nalidixic acid
Consumed 50 7353
Not consumed 18 2647

Cephalothin
Consumed 11 16.18
Not consumed 57 83.82

Cefepime
Consumed 2 294
Not consumed 66 97.06

Tobramycin
Consumed 0 0
Not consumed 68 68(100)

Amoxicillin
Consumed 0 0
Not consumed 68 100

Ceftriaxone
Consumed 42 61.76
Not consumed 26 3824

Cefixime
Consumed 49 72.05
Not consumed 19 27.95

Ceftazidime
Consumed 42 61.76
Not consumed 26 3824

Ceftizoxime
Consumed 1 149
Not consumed 67 98.53

Nitrofurantoin
Consumed 7 10.29
Not consumed 61 89.71

Ciprofloxacin
Consumed 49 72.06
Not consumed 19 27.94

Gentamicin
Consumed 22 3235
Not consumed 46 67.65

Ampicillin
Consumed 2 294
Not consumed 66 97.06
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Table 2 Number and percentage of frequency of bacteria causing urinary infection based on the age of the studied patients

Bacteria Less than 30 31-40 41-50 51-60 61-70 More than 71
n (%) f n (%)f n (%) f n (%) f n (%) f n (%) f
E. coli 5 125 5 2 1 2.5 8 20 8 20 16 40
Klebsiella 0 0 1 7.7 1 7.7 4 308 3 23.1 4 30.8
Acinetobacter 0 0 0 0 2 25 2 25 2 25 2 25
Staphylococcus aureus 1 50 0 0 0 0 0 0 0 0 1 50
Staphylococcus epidermidis 0 0 0 0 0 0 0 0 1 100 0
Pseudomonas aeruginosa 0 0 0 0 0 0 1 100 0 0 0
Pseudomonas 0 0 0 0 0 0 1 50 0 0 1 50
Staphylococcus auricularis 1 100 0 0 0 0 0 0 0 0 0 0

Table 3 Number and frequency percentage of UTl-causing
bacteria based on gender in the studied patients

Table4 Number and frequency percentage of antibiotic
resistance of UTI-causing bacteria in the studied patients

Bacteria Female Male Antibiotic Antibiotic resistance
n (%) f n (%) f n (%) f
E. coli 22 55 18 45 Amikacin 2 13
Klebsiella 6 64.5 3 355 Cefixime 4 57
Acinetobacter 5 62.5 3 375 Ceftazidime 8 61
Staphylococcus aureus 1 50 1 50 Ceftizoxime 5 1
Staphylococcus epidermidis 1 100 0 0 Nitrofurantoin 3 10
Pseudomonas aeruginosa 0 0 1 100 Ciprofloxacin 1 72
Pseudomonas 1 50 1 50 Gentamicin 4 32
Staphylococcus auricularis 1 100 0 0 Cotrimoxazole 6 70
Nalidixic acid 5 73
Norfloxacin 9 5
with our results, Motamedifar et al. [27] reported that Cemtax'm? 4 4
E. coli was the most common cause of UTI, followed by CePha‘Othm 0 1o
Klebsiella species. Farajnia et al. [28] showed that E. coli, lm'penem_ ? 2
P. aeruginosa, and Staphylococcus saprophyticus bacteria Vancomycin > ]
are the most common causes of UTI in patients under Cefazc_)”n > 1
9 nine years and older. Meanwhile, in our study, E. coli Cefepime 9 2
bacteria caused the most common causes of UTT in peo- Ampicillin ? 2
ple over 71 years of age, and it did not match our results. Chloramphenicol > !
Ceftriaxone 2 48

According to the reports of other researchers, such as
Raya et al. [29], Vazuras et al. [30], and Duicu et al. [31],
in this field, E. coli was the leading cause of UTI in our
study. Therefore, the role of E. coli in causing UTIs has
been presented in many researchers’ reports [32]. These
changes depend on various factors such as geographic
region, people’s race, type of pollution, etc. [33].

In our study, E. coli bacteria were the leading cause of
UTI in 16 people (40%) in the age group >71. However,
in reporting the results of our data, the patterns of UTIs
caused by other bacterial agents other than E. coli were
not the same in different age groups. On the other hand,
apart from the type of bacteria causing UTI, no statisti-
cally significant difference was seen among people in dif-
ferent age groups. The report of the study by Shasharkinia

et al. indicated that statistically, there was a significant
relationship between the type of bacteria that causes UTI
and the age of people, in which the main cause of UTI in
all ages is E. coli (75%) followed by Proteus (11%) which
was not consistent with the results of our study [34].
Complete treatment of UTI in patients occurs when
the infection’s bacterial cause and the antibiotic sensitiv-
ity patterns are diagnosed in time [35]. By comparing the
reports of several studies on the resistance of different
antibiotics in Iran and other countries, it was observed
that the resistance of different antibiotics to urinary
pathogens in Iran and other countries is a cause of great
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Table 5 Number and frequency percentage of antibiotic resistance of UTI-causing bacteria based on age

Antibiotic Less than 30 31-40 41-50 51-60 61-70 More than 71 P-Value
n (%) f n (%) f n (%) f n (%) f n (%) f n (%) f
Amikacin
Resistant 0 0 0 0 0 0 2 125 3 2143 4 16.67 0.018
Not-resistant 7 100 3 100 4 100 14 87.5 1 87.57 20 83.33
Cefixime
Resistant 5 7143 2 66.67 2 50 10 62.5 8 57.14 12 50 0.654
Not-resistant 2 28.57 1 33.33 2 50 6 37.5 6 42.86 12 50
Ceftazidime
Resistant 2 28.57 2 66.67 3 75 Il 68.75 1 87.75 13 54.17 0.654
Not-resistant 5 7143 1 3333 1 25 5 31.25 3 2143 11 45.73
Ceftizoxime
Resistant 1 14.29 0 0 0 0 0 0 0 0 0 0 -
Not-resistant 6 85.71 3 100 4 100 16 100 14 100 24 100
Nitrofurantoin
Resistant 0 0 1 3333 0 0 2 12.5 1 714 3 12.5 -
Not-resistant 7 100 2 66.67 4 100 14 875 13 92.86 21 875
Ciprofloxacin
Resistant 3 42.86 1 3333 0 0 10 62.5 13 92.86 18 75
Not-resistant 4 57.14 2 66.67 4 100 6 375 1 714 6 25 0.069
Gentamicin
Resistant 1 14.29 0 0 1 25 6 375 7 50 7 29.17
Not-resistant 6 85.71 3 100 3 75 10 62.5 7 50 17 70.83 0.577
Cotrimoxazole
Resistant 5 7143 0 0 1 25 13 81.25 9 64.29 17 70.83 0.115
Not-resistant 2 28.27 3 100 3 75 3 18.75 5 35.71 7 29.17
Nalidixic acid
Resistant 4 57.14 0 0 3 75 13 81.25 Il 7857 16 66.67
Not-resistant 3 42.86 3 100 1 25 3 18.75 3 2143 8 3333 -
Norfloxacin -
Resistant 2 28.27 0 0 0 0 1 6.25 1 714 0 0
Not-resistant 5 7143 3 100 4 100 15 93.75 13 92.86 24 100
Cefotaxime
Resistant 1 14.29 0 0 0 0 1 6.25 1 7.14 0 0 -
Not-resistant 6 85.71 3 100 4 100 15 93.75 13 92.86 24 100
Cephalothin -
Resistant 2 28.57 0 0 0 0 3 18.75 3 2145 3 12.5
Not-resistant 5 7143 3 100 4 100 13 81.25 11 87.57 21 87.5
Imipenem
Resistant 0 0 0 0 0 0 0 0 0 0 2 833 0.143
Not-resistant 7 100 3 100 4 100 16 100 14 100 22 91.67
Vancomycin
Resistant 1 14.29 0 0 0 0 0 0 0 0 0 0 0.932
Not-resistant 6 85.71 3 100 4 100 16 100 14 100 24 100
Rifampin
Resistant 0 0 0 0 0 0 0 0 0 0 0 0 0.903
Not-resistant 7 100 3 100 4 100 16 100 14 100 24 100
Metronidazole
Resistant 0 0 0 0 0 0 0 0 0 0 0 0 0.781

Not-resistant 7 100 3 100 4 100 16 100 14 100 24 100
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Table 5 (continued)
Antibiotic Less than 30 31-40 41-50 51-60 61-70 More than 71 P-Value
n (%) f n (%) f n (%) f n (%) f n (%) f n (%) f
Tazocin
Resistant 0 0 0 0 0 0 0 0 0 0 0 0 0219
Not-resistant 7 100 3 100 4 100 16 100 14 100 24 100
Clindamycin
Resistant 0 0 0 0 0 0 0 0 0 0 0 0 0.482
Not-resistant 7 100 3 100 4 100 16 100 14 100 24 100
Cefazolin
Resistant 0 0 0 0 0 0 0 0 1 714 0 0 -
Not-resistant 7 100 3 100 4 100 16 100 13 92.86 24 100
Cefepime
Resistant 0 0 0 0 0 0 0 0 1 7.14 1 417 0.562
Not-resistant 7 100 3 100 4 100 16 100 13 92.86 23 95.83
Isoniazid
Resistant 0 0 0 0 0 0 0 0 0 0 0 0 0.654
Not-resistant 7 100 3 100 4 100 16 100 14 100 24 100
Ampicillin
Resistant 0 0 0 0 0 0 0 0 2 14.29 0 0 0.868
Not-resistant 7 100 3 100 4 100 16 100 12 85.71 24 100
Chloramphenicol
Resistant 0 0 0 0 0 0 0 0 0 0 1 417 -
Not-resistant 7 100 3 100 4 100 16 100 14 100 23 95.83
Ceftriaxone
Resistant 3 42.86 2 66.67 2 50 50 8 57.14 10 41.67 0.083
Not-resistant 4 57.14 1 3333 2 50 50 6 42.86 14 58.33

concern for treating UTI patients [36]. In the present
study, the antibiotic resistance of different bacteria dif-
fered; each was resistant to some antibiotics and sensi-
tive to others. Molazade et al. [37] reported that the most
common organisms were E. coli at 64.3%, Klebsiella at
14.5%, and Staphylococcus at 6.4%. Bacteria had the high-
est sensitivity to ciprofloxacin and nitrofurantoin and had
the highest resistance to co-trimoxazole and cephalothin
antibiotics. In this regard, in our study, the highest resist-
ance belonged to nalidixic acid (73.5%), ciprofloxacin
(72.1%), and cotrimoxazole (70.6%), ceftazidime (61.8%),
cefixime (57.4%), and ceftriaxone (48.5%), respectively.
In the study conducted by Molazade et al,, it was recom-
mended to use ciprofloxacin and nitrofurantoin in cases
where it is necessary to treat urinary tract infections in
an outpatient way. The selection of antibiotics for treat-
ing urinary tract infections should be based on the prev-
alence of bacteria in each region and their sensitivity to
the desired antibiotic.

In line with the results of the present study, which
shows that women are more likely to suffer from urinary
tract infections than men, in the study of Haqgoo et al.
[38], 72.3% of patients with positive urine culture were

women and 27.7% were men. In the study of Jarsiah et al.
[39], it was also observed that the number of positive
cultures is more in women than in men. In the study of
Ramezanzadeh et al. [40], most of the bacteria were also
isolated from women’s samples. It was also reported in
Laupland et al. [41] study that the rate of urinary infec-
tion was higher in women. The present study’s findings
are supported by all of the mentioned results, which sug-
gest that women may be more susceptible to this condi-
tion because of their shorter urethra and the proximity of
its outlet to the vagina and anus.

Majumder et al. reported that the main cause of UTI
in their study population was E.coli bacteria (75%), fol-
lowed by Klebsiella (10.7%) and Enterococcus (6%). Most
(73.3%) of antibiotic resistance in this study were female,
and this gender difference was statistically significant.
The most potent antibiotics in this study were imipenem,
meropenem, amikacin, and nitrofurantoin. The effective-
ness of these drugs was 91-100%. Over 60% antibiotic
resistance against amoxicillin, nalidixic acid, cefixime,
ciprofloxacin, co-trimoxazole, and cephalosporins was
reported [42], which is consistent with the findings of our
study to some extent.
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Table 6 Number and frequency percentage of antibiotic
resistance of UTl-causing bacteria based on the gender

Antibiotic Female Male P-Value
n (%) f n (%) f
Amikacin
Resistant 3 8.11 6 19.35 0.173
Not-resistant 34 94.89 25 80.65
Cefixime
Resistant 21 56.76 18 58.06 0914
Not-resistant 16 4324 13 4194
Ceftazidime 0.353
Resistant 21 56.76 21 67.74
Not-resistant 16 43.24 10 32.26
Ceftizoxime
Resistant 1 2.7 0 0 0.364
Not-resistant 36 97.30 31 100
Nitrofurantoin
Resistant 4 10.18 3 9.68 0.876
Not-resistant 33 89.19 28 90.32
Ciprofloxacin
Resistant 23 62.16 3 9.68 0.878
Not-resistant 14 37.84 28 90.32
Gentamicin
Resistant 8 21.62 14 45.16 0.039
Not-resistant 29 78.38 17 54.74
Cotrimoxazole
Resistant 29 7839 19 61.29 0.123
Not-resistant 8 21.62 12 38.71
Nalidixic acid
Resistant 27 7297 23 73.14 0910
Not-resistant 10 10.03 8 25.81
Norfloxacin
Resistant 2 5.14 2 6.45 0.855
Not-resistant 35 94.59 29 93.55
Cefotaxime
Resistant 2 5.14 1 3.25 0.663
Not-resistant 35 94.59 30 96.77
Cephalothin
Resistant 4 10.81 7 22.58 0.189
Not-resistant 33 83.19 24 7742
Imipenem
Resistant 1 2.70 1 3.23 0.899
Not-resistant 36 96.30 30 96.77
Vancomycin
Resistant 1 2.70 0 0 0.356
Not-resistant 36 96.30 31 100
Rifampin
Resistant 0 0 0 0 -
Not-resistant 37 100 31 100
Metronidazole
Resistant 0 0 0 0 -
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Table 6 (continued)
Antibiotic Female Male P-Value
n (%) f n (%) f
Not-resistant 37 100 31 100
Tazocin
Resistant 0 0 0 0 -
Not-resistant 37 100 31 100
Clindamycin
Resistant 0 0 0 0 -
Not-resistant 37 100 31 100
Cefazolin
Resistant 1 2.70 0 0 0.356
Not-resistant 36 96.30 31 100
Cefepime
Resistant 2 5.14 0 0 0.189
Not-resistant 35 94.59 31 100
Isoniazid
Resistant 0 0 0 0 -
Not-resistant 37 100 31 100
Ampicillin
Resistant 2 5.14 0 0 0.189
Not-resistant 35 94.59 31 100
Chloramphenicol
Resistant 0 0 1 323 0.271
Not-resistant 37 100 30 96.77
Ceftriaxone
Resistant 18 48.65 15 4839 0.983
Not-resistant 19 5135 15 51.61

In the present study, most bacterial resistance to anti-
biotics was seen in the age groups of 31-40 and 41-50.
The reason for this can be that these ages are more sexu-
ally active. These results are more or less consistent with
other studies [43]. Including, in the study of Haqgou
et al., the average age of patients with positive urine cul-
ture was 61.0+18.6 years, which is not consistent with
the results of the present study [38].

In a study carried out by Asadpour et al. [13] to identify
the pattern of antibiotic resistance of E. coli in the urine
samples of patients, 980 urine samples were examined.
Of the 195 E. coli isolates, 93.76% were from females,
while the remaining were from males. The highest sen-
sitivity was obtained for imipenem. The highest level of
resistance in the penicillin family belonged to oxacil-
lin and ampicillin, and in the cephalosporins family, the
highest level belonged to cephalothin. Also, the lowest
resistance to cefoxitin was obtained. Among the qui-
nolones, the highest resistance was reported for nalidixic
acid. Also, the lowest resistance was reported for gen-
tamicin, nitrofurantoin, and cefoxitin, with 8.2%, 8.71%,
and 11.79%, respectively. Also, 36.92% of the strains



Shirvani et al. African Journal of Urology (2023) 29:32

produced ESBL [13]. In another study by Razak et al.
[44], 573 urine samples were examined with the diagnosis
of urinary tract infection. E. coli was the most common
pathogen (37.95%), followed by Klebsiella (21.41%) and
Acinetobacter (10.94%), respectively. E. coli was very sen-
sitive to antibiotics nitrofurantoin (81.92%) and amikacin
(69.88%) and was very resistant to ampicillin. Klebsiella
was very sensitive to imipenem and was reportedly to
be very resistant to ampicillin [44], which was consistent
with the results of our study.

Overall, the present study’s general results are con-
sistent with previous studies’ results. Despite this, the
amount of drug resistance to all kinds of antibiotics in
other regions of the world due to genetic changes in the
strains that cause resistance, differences in the amount of
antibiotic consumption, arbitrary use of antibiotics, dif-
ferences in the availability of antibiotics, the extent and
the new, temporal, spatial, cultural, and health conditions
of the studied communities have been different [40]. In
addition, the reasons for the observed differences have
been previously mentioned. Other factors that may con-
tribute to discrepancies in study results include varia-
tions in patient population characteristics, differences in
hospitalization conditions and ward types, and variations
in the method of drug administration (e.g., oral versus
injection).

5 Conclusions

Based on the results of the present study, the most com-
mon bacteria causing urinary tract infections were E. coli
and Klebsiella. The probability of a positive urine culture
result was higher in women than in men. The incidence
of urinary tract infections (UTIs) is positively correlated
with age, as older individuals are more susceptible to
developing these infections. Given the considerable anti-
biotic resistance demonstrated by bacteria responsible
for urinary tract infections in both the present study and
recent research, it is recommended that clinicians take
this issue into account when devising treatment strategies
for affected patients. Moreover, considering the increas-
ing prevalence of antibiotic resistance globally and in
Iran, planning and training for correctly using antibiotics
in necessary cases and in the correct manner are recom-
mended. In order to better and more accurately investi-
gate the pattern of antibiotic resistance in the province
of Kermanshah in Iran, it is suggested to conduct more
comprehensive studies with a larger number of samples
in different cities of the province and different hospitals.

Abbreviations
uTl Urinary tract infection
E. coli Escherichia coli
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