
 

 

 

 

 

Article History 
 
Received: 22 May 2022 

Received in revised form: 30 November 2023 

Accepted: 5 December 2023 

Published online: 21 January 2024 

DOI: 10.29252/mlj.18.1.23 
 

Keywords 

Antimicrobial stewardship 

Drug resistance 

Escherichia coli 

Urinary Tract Infections 

 

Article Type: Original Article 

Antimicrobial susceptibility patterns in Escherichia coli isolates from Hospital-acquired 

urinary tract infections 

Abolfazl Shirdel Abdolmaleki 1  , Abolfazl Rafati Zomorodi 1  , Mohammad Motamedifar 1,2 *  , Yalda Malekzadegan 3   

 

1. Department of Bacteriology and Virology, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran 

2. HIV/AIDS Research Center, Institute of Health, Shiraz University of Medical Sciences, Shiraz, Iran 
3. Department of Microbiology, Saveh University of Medical Sciences, Saveh, Iran 

* Correspondence: Mohammad Motamedifar, Department of Bacteriology and Virology, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran 

Tel: +989173147718; Email: motamedm@gmail.com 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 

Introduction 

In developing countries (such as Iran), hospital-acquired infections (HAIs) are a 

major cause of adverse events and mortality for hospitalized patients, as well as 

reduced quality of life for hospitalized individuals (1). They result in longer 
hospital stays, higher medical costs, improper broad-spectrum antibiotic use, and 

multiple antibiotic resistance. Previous studies have shown that the HAI 

prevalence differs in Iranian hospitals based on the prevalence and antimicrobial 
resistance. Urinary tract infections (UTIs) caused by Escherichia coli are 

reported chiefly as predominant HAIs (2). Urinary tract infections affect from 5% 

to 15% of hospitalized patients in regular wards and more than half of intensive 
care unit (ICU) patients. Earlier investigations in Iran suggested the high 

frequency of HA-UTIs, especially among ICU-admitted patients, which is twice 

as common as in other countries (3). Previous studies have also reported that HA-
UTIs are the most common HAI in Shiraz (4, 5). 

While antimicrobial resistance has increased significantly worldwide, UTI 

treatment leads to abundant antibiotic application in hospitals and communities, 
continuously developing multidrug resistance (MDR). Multidrug resistance is 

defined as acquired non-susceptibility to at least 1 drug in 3 or more classes of 

antimicrobials, based on the European Centre for Disease Prevention and Control 
(ECDC) (6). However, uncomplicated UTIs can cause dangerous complications 

(such as sepsis, pneumonia, bacteremia, and surgical site infections) due to the 
deficiency of proper diagnosis and treatment guidelines (7). 

According to international guidelines, empiric treatment accrues for UTI 

patients with first-line antibiotics (nitrofurantoin, trimethoprim-
sulfamethoxazole, fosfomycin, or pivmecillinam), but there is a lack of consensus 

among guidelines about the consumption of fluoroquinolones (FQs) (8). 

Although FQs are prescribed as first-line treatment options in Asia, the US and 
European guidelines emphasize using FQs only when there are no other options 

(9, 10). Therefore, the prevalence of FQ-resistant E. coli is variable in different 

parts of the world, ranging from 50% to 98% of strains causing catheter related 
UTIs (CR-UTIs) and 20% of all HA-UTIs (11). On the other hand, a decrease in 

susceptibility to the β-lactam family among E. coli isolates from UTIs becomes 

a concern (12). 
The rate of susceptibility of E. coli isolates from UTIs to antibiotics has 

varied over time, across geographical locations, or even from 1 institute or 

hospital to another in the same city. Hence, it seems essential for all institutes or 
hospitals to maintain continuous antimicrobial stewardship by assessing 

antimicrobial susceptibility patterns (ASP) among E. coli isolates from HA-UTIs.  

The present investigation aimed to demonstrate a comprehensive 

investigation of ASP among E. coli isolates from HA-UTIs in Nemazee Hospital, 

the biggest hospital in southwest Iran. 

Methods 

The current cross-sectional study was conducted from 2018 to 2019 at Nemazee 

Hospital, affiliated with Shiraz University of Medical Sciences, Shiraz, southwest 

Iran. Escherichia coli isolates were collected from hospitalized patients with 
symptoms of UTIs. The isolates were collected from patients who acquired UTI 

within 48-72 h after admission to the hospital. 

The isolates were identified by standard biochemical tests, as earlier 
described by Aflakian, Rad (13), including Triple Sugar Iron agar (TSI), 

Simmons' citrate agar, Christensen's urea agar, Indole test, Methyl red, and 

Voges-Proskauer tests. The E. coli strains were stored in Trypticase Soy Broth 

(TSB) with 15% glycerol at -70 ℃ for prolonged preservation. 

The evaluation of antimicrobial susceptibility was conducted with the Kirby-
Bauer disk diffusion method as recommended by the Clinical and Laboratory 

Standard Institute (CLSI) 2020 (14) for 12 antibiotic disks as follows: cefixime 

(5 µg), ceftriaxone (30 µg), cephalexin (30 µg), cefotaxime (30 µg), ciprofloxacin 
(5 µg), norfloxacin (10 µg), nalidixic acid (30 µg), amikacin (30 µg), gentamicin 

(10 µg), tetracycline (30 µg), nitrofurantoin (300 µg), trimethoprim-

sulfamethoxazole (1.25/23.75 µg). 
Analyses were performed using SPSS version 22.0 (IBM Corp, USA). The 

results are presented as descriptive statistics in terms of relative frequency. Values 

were expressed as mean ± SD (continuous variables) or group percentages 
(categorical variables). A chi-square statistical test was performed to analyze the 

data, and P ≤ 0.05 was considered statistically significant. 

 

Results 

A total of 1910 out of 44 657 urine cultures for 2 years (2018 and 2019) were 

reported positive for E. coli. The mean age of participants was 52.78 years (SD 
= 29.00), and 1215 (63.6%) of those were women, with a mean age of 50.65 years 

(SD = 28.62).  

The results showed the highest resistance against cephalexin (87.9%) and 
nalidixic acid (86.1%), followed by cefixime (80.1%), cefotaxime (78%), 

trimethoprim-sulfamethoxazole (75.8%), and ciprofloxacin (71.5%). On the 

other hand, the lowest resistance was recorded for amikacin (88.3%), 
nitrofurantoin (76.8%), and gentamycin (70.6%). Figure 1 shows the frequency 

of antimicrobial resistance. In addition, 1624 out of 1910 isolates were MDR. 
Based on the chi-square test, the rate of resistance to ciprofloxacin (P = 

0.004), norfloxacin (P = 0.008), tetracycline (P = 0.038), cefotaxime (P = 0.015), 

and nitrofurantoin (P < 0.001) has significantly increased during these 2 years. 

The results of assessing antimicrobial resistance are shown in Table 1 for 

different years. 

Abstract 

Background: Urinary tract infection (UTI) is one of the most common bacterial infections of all ages and sexes. 
Escherichia coli is reported as the most common predominant pathogen. Urinary tract infection treatment leads to 

abundant antibiotic application in hospitals and communities, continuously developing multidrug resistance (MDR). 

This study aimed to determine the sensitivity and resistance pattern to common antibiotics among E. coli isolates 
from patients with UTIs at Nemazee Hospital in Shiraz. 

Methods: This retrospective cross-sectional survey studied 1910 positive urine samples with E. coli bacteria from 

patients referred to Nemazee Hospital from 2018 to 2019. Antimicrobial susceptibility testing was performed on 12 
commonly used antibiotics for UTIs. 

Results: A total of 1910 E. coli isolates were gathered during these 2 years. The most highlighted resistance was 

observed against quinolones and cephalosporins at 86.9% and 89.7%, respectively. Cephalexin (87.9%) and nalidixic 
acid (86.1%) have shown the lowest activity against E. coli isolates. Also, the highest susceptibility was determined 

for amikacin (88.3%), nitrofurantoin (76.8%), and gentamicin (70.6%). In addition, 1624 (85%) isolates were MDR. 

Conclusion: In conclusion, resistance to antibiotics (such as ciprofloxacin, norfloxacin, tetracycline, cefotaxime, and 

nitrofurantoin) is increasing. Therefore, it is vital to follow an appropriate antimicrobial stewardship program. 
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Figure 1. The antimicrobial susceptibility patterns of Escherichia coli isolates from HA-UTIs for 2 years collectively (N = 1910) 

 
Table 1. The prevalence of antimicrobial resistance of Escherichia coli isolates from HA-UTIs 

Antibiotics No. (%) of resistant isolates in 2018 (N = 870) No. (%) of resistant isolates in 2019 (N = 1040) Total No. (%) of resistant isolates (N= 1910) P-value* 

CIP 577 (66.32%) 770 (74.03%) 1347 (70.52%) 0.004 

NAL 731 (84.02%) 911 (87.59%) 1642 (85.96%) 0.775 

NOR 590 (67.81%) 705 (67.78%) 1295 (67.8%) 0.008 

CFM 688 (79.08%) 789 (75.86%) 1477 (77.32%) 0.590 

CRO 634 (72.87%) 774 (74.42%) 1408 (73.71%) 0.067 

LEX 759 (87.24%) 619 (59.51%) 1378 (72.14%) 0.067 

SXT 627 (72.06%) 803 (77.21%) 1430 (74.86%) 0.776 

TET 545 (62.64%) 683 (65.67%) 1228 (64.29%) 0.038 

CTX 592 (68.04%) 821 (78.94%) 1413 (73.97%) 0.015 

NIT 48 (5.51%) 215 (20.67%) 263 (13.76%) < 0.001 

AMK 43 (4.94%) 54 (5.19%) 97 (5.07%) 0.565 

GEN 245 (28.16%) 300 (28.84%) 545 (28.53%) 0.078 

* Chi-square test 

Abbreviations: CIP, Ciprofloxacin; NAL, Nalidixic Acid; CFM, Cefixime; NOR, Norfloxacin; CRO, Ceftriaxone; LEX, Cephalexin; SXT, Trimethoprim-Sulfamethoxazole; TET, 

Tetracycline; CTX, Cefotaxime; NIT, Nitrofurantoin; AMK, Amikacin; GEN, Gentamycin. 

 
Table 2. Distribution of antimicrobial susceptibility patterns of Escherichia coli isolates from HA-UTIs according to Hospitals’ ward over 2 years 

Antibiotics 
Acute 

(N=486) 

Adults’ emergency 

(N=450) 

Pediatric emergency 

(N=113) 

Pediatric wards 

(N=140) 

Internal wards 

(N=314) 

Surgical wards 

(N=148) 

Pediatric ICU* 

(N=16) 

Adults’ ICU 

(N=94) 

Outpatients 

(N=149) 

CIP 

Susceptible 82 (16.9%) 87 (19.4%) 53 (46.4%) 60 (43.2%) 72 (23.1%) 19 (13.2%) 55 (37.5%) 22 (23.9%) 65 (43.4%) 

Intermediate 18 (3.8%) 17 (3.8%) 10 (8.9%) 9 (6.5%) 6 (2%) 2 (1.4%) 28 (18.8%) 5 (5.4%) 6 (4.1%) 

Resistant 386 (79.3%) 346 (76.8%) 50 (44.6%) 71 (50.4%) 236 (74.9%) 127 (85.4%) 65 (43.8%) 67 (70.7%) 78 (52.4%) 

NAL 

Susceptible 31 (6.4%) 39 (8.7%) 17 (15%) 23 (16.5%) 28 (8.9%) 3 (2%) 18 (12.5%) 11 (11.7%) 36 (24.2%) 

Intermediate 10 (2.1%) 9 (2%) 13 (11.5%) 10 (7.2%) 16 (5.1%) 4 (2.7%) 9 (6.3%) 5 (5.3%) 6 (4%) 

Resistant 445 (91.5%) 402 (89.3%) 83 (73.5%) 107 (76.3%) 270 (85.9%) 141 (95.3%) 121 (81.3%) 78 (83%) 107 (71.8%) 

NOR 

Susceptible 105 (21.6%) 108 (24%) 60 (52.7%) 65 (46.7%) 77 (24.6%) 21 (14.1%) 65 (43.8%) 26 (28%) 73 (49%) 

Intermediate 1 (0.2%) 6 (1.4%) 4 (3.6%) 4 (2.9%) 5 (1.6%) 1 (0.7%) 9 (6.3%) 3 (3.2%) 0.7 % 

Resistant 380 (78.2%) 336 (74.6%) 49 (43.6%) 71 (50.4%) 232 (73.8%) 126 (85.2%) 74 (50%) 65 (68.8%) 75 (50.3%) 

CFM 

Susceptible 94 (19.3%) 78 (17.2%) 15 (13.5%) 15 (10.5%) 54 (17.1%) 24 (16.3%) 28 (18.8%) 10 (10.8%) 37 (25.2%) 

Intermediate 10 (2.1%) 15 (3.3%) 4 (3.6%) 2 (1.5%) 11 (3.6%) 1 (0.7%) 0% 5 (5.4%) 3 (2.1%) 

Resistant 382 (78.6%) 357 (79.5%) 94 (82.9%) 123 (88%) 249 (79.3%) 123 (83.0%) 120 (81.3%) 79 (83.9%) 109 (72.7%) 

CRO 

Susceptible 109 (22.4%) 98 (21.7%) 24 (21.4%) 21 (14.8%) 69 (22.1%) 24 (16.5%) 46 (31.3%) 12 (13%) 53 (35.7%) 

Intermediate 8 (1.7%) 10 (2.1%) 3 (2.7%) 2 (1.5%) 6 (2%) 3 (2.2%) 9 (6.3%) 3 (3.3%) 4 (2.8%) 

Resistant 369 (75.9%) 342 (76.3%) 86 (75.9%) 117 (83.7%) 239 (75.9%) 121 (81.3%) 93 (62.5%) 79 (83.7%) 92 (61.5%) 

LEX 

Susceptible 31 (6.3%) 37 (8.3%) 5 (4.2%) 4 (2.7%) 20 (6.5%) 10 (6.6%) 11 (7.7%) 6 (6.2%) 9 (5.8%) 

Intermediate 32 (6.7%) 16 (3.6%) 6 (5.2%) 6 (4.5%) 14 (4.6%) 10 (6.6%) 23 (15.4%) 3 (3.1%) 19 (12.5%) 

Resistant 423 (87%) 397 (88.1%) 102 (90.6%) 130 (92.7%) 280 (89%) 128 (86.8%) 114 (76.9%) 85 (90.8%) 121 (81.7%) 

SXT 

Susceptible 123 (25.3%) 109 (24.3%) 21 (18.8%) 30 (21.9%) 67 (21.4%) 39 (26.2%) 0 % 12 (13%) 33 (22.3%) 

Intermediate 6 (1.3%) 7 (1.6%) 0 % 1 (0.7%) 5 (1.6%) 3 (2.1%) 10 (6.7%) 0 % 3 (2%) 

Resistant 357 (73.4%) 334 (74.1%) 92 (81.3%) 109 (77.4%) 242 (77%) 106 (71.7%) 138 (93.3%) 82 (87%) 113 (75.7%) 

TET 

Susceptible 171 (35.2%) 140 (31.2%) 46 (40.7%) 57 (40.6%) 94 (29.9%) 47 (31.5%) 37 (25%) 25 (26.9%) 64 (43%) 

Intermediate 11 (2.3%) 4 (0.9%) 0 % 1 (0.7%) 4 (1.3%) 3 (2.1%) 0 % 3 (3.2%) 0 % 

Resistant 304 (62.5%) 306 (67.9%) 67 (59.3%) 82 (58.7%) 216 (68.8%) 98 (66.4%) 111 (75.0%) 66 (69.9%) 85 (57%) 

CTX 

Susceptible 98 (20.2%) 89 (19.9%) 20 (17.9%) 16 (11.4%) 60 (19.1%) 25 (17.1) 40 (26.7%) 11 (12%) 43 (28.9%) 

Intermediate 10 (2%) 15 (3.3%) 3 (2.8%) 3 (2.3%) 12 (4%) 2 (1.4%) 0 % 0 % 8 (5.6%) 

Resistant 378 (77.9%) 346 (76.8%) 90 (79.2%) 121 (86.4%) 242 (76.9%) 121 (81.4%) 108 (73.3%) 83 (88%) 97 (65.5%) 

NIT 

Susceptible 388 (79.9%) 352 (78.2%) 87 (77%) 101 (72.1%) 234 (74.4%) 117 (78.9%) 120 (81.3%) 69 (73.4%) 123 (82.6%) 

Intermediate 41 (8.5%) 36 (8%) 8 (7.1%) 23 (16.4%) 52 (16.5%) 18 (12.2%) 9 (6.3%) 3 (3.2%) 8 (5.4%) 

Resistant 57 (11.6%) 62 (13.8%) 18 (15.9%) 16 (11.4%) 41 (13.1%) 28 (18.9%) 19 (12.5%) 22 (23.4%) 18 (12.1%) 

AMK 

Susceptible 439 (90.3%) 401 (89.1%) 104 (92%) 122 (87.1%) 272 (86.6%) 122 (82.4%) 120 (81.3%) 78 (83%) 126 (82.6%) 

Intermediate 29 (6%) 33 (7.3%) 5 (4.4%) 10 (7.2%) 21 (6.7%) 16 (10.8%) 9 (6.3%) 4 (4.5%) 8 (5.6%) 

Resistant 18 (3.7%) 16 (3.6%) 4 (3.5%) 8 (5.8%) 21 (6.7%) 10 (6.8%) 19 (12.5%) 12 (12.8%) 18 (12.1%) 

GEN 

Susceptible 337 (69.4%) 323 (71.8%) 86 (76.1%) 110 (77.9%) 217 (69.1%) 84 (56.8%) 102 (68.8%) 57 (60.6%) 124 (83.2%) 

Intermediate 5 (1%) 2 (0.4%) 0 % 2 (1.4%) 3 (1%) 2 (1.4%) 0 % 2 (2.1%) 1 (0.7%) 

Resistant 144 (29.5%) 125 (27.8%) 27 (23.9%) 29 (20.7%) 94 (29.9%) 62 (41.9%) 46 (31.3%) 35 (37.2%) 24 (16.1%) 

*Intensive Care Unit 

Abbreviations: ICU, Intensive Care Unit; CIP, Ciprofloxacin; NAL, Nalidixic Acid; CFM, Cefixime; NOR, Norfloxacin; CRO, Ceftriaxone; LEX, Cephalexin; SXT, Trimethoprim-

Sulfamethoxazole; TET, Tetracycline; CTX, Cefotaxime; NIT, Nitrofurantoin; AMK, Amikacin; GEN, Gentamycin. 
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The highest resistance rate was observed for nalidixic acid in surgical wards 

(95.3%) and cephalexin in adults’ ICU (90.8%). Also, amikacin had the lowest 

resistance among the isolates obtained from all wards. Table 2 shows the 
distribution of antimicrobial resistance according to hospitalized wards. 

 

Discussion 

It is estimated that UTIs represent about 10-20% of infections in primary care 

units and 30-40% in hospitals; on the whole, over 150 million cases of UTI 

diseases have been reported per year worldwide, resulting in 6 billion US dollars 
in treatment costs. The increasing number of MDR E. coli isolates causing UTI 

is of global significance because they lead to clinical and economic burdens (15).  

In the current study, as expected, the UTI prevalence was observed more 
among women (64%); this finding was consistent with previous reports (16). This 

phenomenon might be explained by the discrepancy in perineal anatomy in men 

and women, including shortness of the urethra and closeness of the urethral 
meatus to the anus, spermicide-based contraception, and a history of UTI in their 

mothers (17).  

The results revealed a significantly increased resistant rate of isolates against 
β-lactam family antibiotics, including cephalexin (87.9%) and cefixime (80.1%). 

This is consistent with previous surveys by Neupane, Pant (18) in Nepal and 

Hossain, Ahmad (19) in Bangladesh; they reported a high frequency of 
cephalexin resistance phenotype (84.1%). In comparison, the rate of resistant 

isolates against cefixime was 75.5% and 57.7%, respectively, which is not 

consistent with our findings. Remarkably, cefotaxime resistance increased 
statistically during these 2 years; the frequency of resistance against cefotaxime 

was 69.2% and 77.8% in 2018 and 2019, respectively. A comprehensive 

assessment in Korea revealed a rising trend in cefotaxime resistance from 2008 
to 2017, from 4.5% to 32% (20). Yet, our finding was higher than that for this 

study and another in Nepal, with a 44.38% resistance frequency (21). 

Nonetheless, the current observation was in line with previous results by 
Pouladfar and Basiratnia (22), reporting 63.4% resistance to cefotaxime among 

UTI patients hospitalized at Nemazee Hospital in Shiraz. Although these results 

differ from some published studies (23, 24), which reported a lower frequency of 
resistance, this controversy could be attributed to the lack of effective 

antimicrobial stewardship in Iran. Generally, increasing resistance against β-

lactam antibiotics, especially third-generation cephalosporins, is related to 
widespread extended-spectrum beta-lactamase (ESBL) producing E. coli; 

subsequently, carbapenems are prescribed with high efficacy for UTIs (25). 

However, the widespread dissemination of carbapenemase-producing E. coli is a 
major concern. 

Interestingly, the low frequency of nitrofurantoin resistance (13.8%) was 

reduced compared to an earlier survey in Shiraz (22). Several reasons could be 
involved in this event, such as using nitrofurantoin only in mild UTI cases or 

limiting nitrofurantoin through its side effects. Nevertheless, a review article by 

Giske (26) revealed lower nitrofurantoin resistance in Europe (1%). Quinolone 
resistance was significantly increased for nalidixic acid (86.1%), ciprofloxacin 

(71.5%), and norfloxacin (70.2%) among isolates. Based on comparisons of the 

distribution of quinolone-resistant E. coli in India, the USA, and Egypt, 
differences have been determined region by region in this case (27-29). A prior 

study by Mirzaii and Jamshidi (30) reported an 87% resistance rate to nalidixic 
acid in Shahroud, Iran. These values did not correlate with another survey by 

Norouzian and Shahrokhi (31) in Tehran, reporting a resistance prevalence for 

nalidixic acid, ciprofloxacin, and norfloxacin at 67.8%, 48.7%, and 44.1%, 
respectively. The controversy surrounding the use of quinolone antibiotics might 

lead to differences in quinolone resistance prevalence between countries or even 

different geographical areas in the same country. Several investigations have 
indicated AMR development caused by mobile-genetic elements, such as 

plasmids, transposons, and gene cassette-integrons, transferred among the 

Enterobacteriaceae family, especially E. coli strains. Therefore, increasing 
resistance frequency against β-lactams, nitrofurantoin, and quinolone antibiotics 

during these 2 years might be the result of spreading the plasmid-mediated 

resistance among E. coli strains. 
In total, 1624 (85%) of isolates (714 and 910 in 2018 and 2019, respectively) 

were identified as MDR, indicating resistance to at least 1 antimicrobial agent in 

3 different antibiotic families. Compared with earlier studies in other Iranian 
cities (Hamedan, Kashan, and Yasuj), it was 64%, 74%, and 79% in 2015 and 

2016, respectively. Thus, an increasing trend in MDR among E. coli isolates from 

UTI patients was reported (32-34). Also, Naziri et al. reported 93.6% MDR 
isolates in Shiraz in 2020 (35). However, the frequency of MDR isolates in other 

countries (in Mexico, 63%; in India and Nepal, 65%; in Egypt, 73%) was lower 

than the findings in the current study (36-39). On the other hand, the observation 
of 90% MDR by Chowdhury et al. in Bangladesh was consistent with our results 

(40). Unfortunately, it was impossible to analyze more data from other Shiraz 

hospitals; thus, further studies are essential to determine ASP for E. coli isolates 
from UTI patients admitted to different hospitals. 

 

Conclusion 

The current study provides further evidence for an increase in AMR and MDR 

isolates among E. coli isolates from HA-UTIs due to excessive and improper 

antibiotic consumption. In addition, these measures emphasize the proper use of 

antibiotics and infection-control measures to prevent resistant strains. The 

administration of appropriate antibiotic therapy and the implementation of 

techniques for identifying resistant organisms as early as possible need to be 
simplified. 
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