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Abstract
Background: Urinary tract infections (UTIs) and bacterial resistance to antibiotics is 
global health problem and a threat to public health in many countries.
Aims: The study aimed to determine the prevalence of MDR Escherichia coli and 
Klebsiella pneumoniae in UTI patients.
Materials & methods: The midstream urine samples of 120 patients were collected 
and cultured as described by the protocols at the respective sample collection sites 
on MacConkey Blood agar. Samples were tested by using the fully automated VITEK 
2 Compact system for Gram-negative identification and detection of antimicrobial 
susceptibility of microorganisms.
Results: The most prevalent pathogen was E. coli, which was found in 82 (68.3%) 
urine samples, followed by K. pneumonia, found in 38 (31.7%) urine samples. As far 
as antibiotic resistance is concerned, E. coli isolates were found to be highly resistant 
for ceftriaxone (89.0% of the isolates), ampicillin (86.6%), levofloxacin (82.9%), cefo-
taxime (79.3%), aztreonam (74.4%), ceftazidime (68.3%) and gentamicin, piperacillin, 
and trimethoprim-sulfamethoxazole, 54.9 and 53.7%, respectively. The E. coli isolates 
were found to be relatively less resistant to imipenem (2.4%), cefepime (34.1%), and 
ciprofloxacin (35.4%). For K. pneumonia isolates, high resistance rates were observed 
for piperacillin (81.6%), levofloxacin (78.9%), ampicillin (76.3%), cefotaxime (73.7%), 
trimethoprim-sulfamethoxazole (71.1%), ceftazidime (65.8%), gentamicin (63.2%), 
cefepime (50.0%), and aztreonam (44.7%). However, moderate resistance rates were 
detected for these were found to be less resistant for imipenem (13.2%), ceftriaxone 
(31.6%), and ciprofloxacin (36.8%).
Conclusion: E. coli and K. pneumoniae from the clinical isolates displayed high resist-
ance to many antibiotics in UTI patients.
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1  |  INTRODUC TION

Urinary tract infections (UTIs) are one of the most common bacterial 
infections found in humans after respiratory tract infections because 
used broad-spectrum antibiotics and the indiscriminate use of antibiot-
ics.1 These account for nearly 150–200 million cases worldwide every 
year with approximately 40% females and 12% males experiencing at 
least one symptomatic episode of UTI in their lifetime.2 These along 
with constituting 40%–50% of all the bacterial infections acquired in 
hospitals leading to increased morbidity and prolonged hospitalization 
also lead to substantial economic burden.3 Patients with UTIs may 
be divided into two groups; complicated groups that occur without a 
causative agent, while uncomplicated infections occur in immunosup-
pression patients, diabetes mellitus, and anatomically or functionally 
abnormal urinary tracts.4 The primary cause of UTI is Gram-negative 
bacteria with the most common causative pathogen is Escherichia coli 
followed by other species such as Klebsiella pneumonia, and Proteus 
mirabilis.5 Some Gram-positive bacteria such as Enterococcus fae-
calis and Staphylococcus saprophyticus also cause UTIs.6,7 Various 
antibiotics have been recommended by international guidelines for 
the treatment of UTI, which include nitrofurantoin monohydrate, 
trimethoprim-sulfamethoxazole, fosfomycin trometamol, pivmecilli-
nam, fluoroquinolones, and beta-lactams.8 However, indiscriminate 
and widespread use of antibiotics has led to the problem of antibiotic 
resistance in pathogens causing UTI such as extended-spectrum beta-
lactamases (ESBL)-producing Gram-negative bacteria, that are mainly 
resistant to most of the available antibiotics except carbapenem group 
and these bacteria are increasing widely in the population.9 This in-
creased antibiotic resistance and appearance of multidrug resistant 
(MDR) pathogens due to inadequate use of antibiotics without testing 
for susceptibility have led to the situation of an ineffective UTI treat-
ment.9 Recently, several studies demonstrated that the probability of 
MDR in pathogens causing UTI in index infection increases when the 
use of antibiotics has been initiated four weeks to one year before the 
index infection. Resistance was found to be more strongly associated 
with the use of antimicrobials such as fluoroquinolones and antipseu-
domonal penicillin as well as prolonged use of any antimicrobial be-
fore the presentation of UTI.10 In term of the drug resistance, authors 
found that the prevalent antibiotic resistance among bacteria is due to 
the production of many Gram-negative bacteria toxins that especially 
belonging to Enterobacteriaceae.11

As per the information provided by European Antimicrobial 
Resistance Surveillance Network (EARS-Net), the main European 
Union (EU) surveillance system for MDR pathogens isolated from the 
infection in the bloodstream from many countries, the E. coli and K. 
pneumonia were found to be the most common pathogens, showing 
resistance to the most common classes of antibacterial used in clin-
ics; and therefore, these drugs could not be used for treatments of 
UTIs. Which is leading to the development of MDR bacterial strains 
resistance to antibiotics with a rise in mortality due to complications 
associated with UTIs.11,12 Data from Italy showed high resistance 
rates against aminopenicillin, aminoglycosides and fluoroquinolones 

in E. coli isolates and against aminoglycosides and fluoroquinolones 
in K. pneumonia isolates.13

Using enzyme production has been a well-established mecha-
nism for resistance to antibiotics by bacteria. The synthesis of β-
lactamase or Extended-spectrum β-lactamases (ESBLs) by these 
Gram-negative bacteria has been considered as the main mecha-
nism for resistance to β-lactam drugs.14 These pathogens carry 
genes that encode for resistance to other classes of antibiotics as 
well and are, therefore, classified as MDR organisms.15 Excessive 
use of antibiotics has been a major factor for resistance of these 
ESBL producing isolates to the third-generation cephalosporins.14 
As discussed above, these enzymes could even break fourth-
generation cephalosporins at the β-lactam ring except carbapen-
ems and cephamycin.11 As per a report by Padmini et al., the E. 
coli and K. pneumoniae that produce ESBL are resistant to a broad 
range of β-lactam drugs, also including third-generation cephalo-
sporins.15 Along with β-lactamases, bacteria also produce various 
other enzymes, which could metabolize the antibiotics such as 
aminoglycoside-modifying enzymes and chloramphenicol acetyl-
transferases, which act by inactivating the antibiotics before they 
could confer their effect. Modifications in the target site are also a 
mechanism in which the efficacy of antibiotics is lost due to their 
inability to bind to their target.16,17

The above literature suggests that understanding the concerned 
bacterial pathogens causing UTIs and the analysis of their suscep-
tibility to antibiotics is very important for a successful empirical 
antibiotic-treatment regimen. Moreover, the regional differences 
in the pattern of antibiotic—resistance should also be studied to 
choose antimicrobials for the treatment of UTI based on the local re-
sistance profile of these uropathogens. Published data suggested a 
high prevalence of MDR in most common species of bacteria causing 
UTI such as E. coli and K. pneumoniae.

Keeping all these points in consideration, the present study was 
designed with an intent to determine the prevalence of MDR E. coli 
and K. pneumoniae in UTI patients and to determine antibiotic resis-
tance patterns for risk assessment for recurrent UTIs, and help to 
facilitate the appropriate antibiotic selection for UTIs.

2  |  METHODS

2.1  |  Collection of samples

The samples were collected from May 2020 to June 2021 from 
private clinics. Written consent was obtained from all the patients 
participating in this study. This study included a total of 120 pa-
tients (46 males and 74 females) suffering from recurrent urinary 
tract infections at different ages. Patients with well-known risk 
factors for UTI and abnormalities of the urinary system and vesi-
coureteral reflux were excluded from the study. All the patients 
enrolled in the study had not taken any antibiotic at least three 
days before the sampling.
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2.2  |  Urine culture and Antibiotic susceptibility test

The midstream urine samples (120) were collected and cultured 
according to the protocols at the respective sample collection sites 
on MacConkey blood agar and incubated at 37°C overnight to de-
tect the presence of bacterial colonies for samples. MacConkey 
agar used because it is a selective and differential medium that 
helps us diagnose Gram-negative rods and Enterobacteriaceae 
based on lactose fermentation and is used to culture many sam-
ples such as urine and other samples. The presence of bacterial 
colonies ≥105 CFU/ml was considered an infection with UTI. After 
incubation, the morphological characteristics for colonies were 
determined using gram stain and some biochemical tests. The 
antibiotic susceptibility was tested by using the fully automated 
VITEK 2 Compact system for Gram-negative identification to de-
termine the minimum inhibitory concentration (MIC) and antimi-
crobial susceptibility test to ceftriaxone (CRO; 30 μg), ampicillin 
(AM; 10 μ), levofloxacin (10 μg), cefotaxime (CTX; 30 μ), aztreonam 
(ATM; 30 μg), ceftazidime (CAZ; 30 μg), gentamicin (CN; 10  μg), 
piperacillin (TPZ; 30 μg), trimethoprim-sulfamethoxazole (STX; 
1.25/23.75 μg), imipenem (IPM; 10 μg), cefepime (FEP; 30 μg), and 
ciprofloxacin (CIP; 5 μg). Five to ten colonies were selected from 
each sample. All susceptibility results are interpreted according 
to the Clinical Laboratory Standards Institute (CLSI) guidelines. 
Furthermore, quality control by American type culture collection 
(ATCC) strains in hospital laboratory was done.

Some of isolated samples contain both E. coli and K. pneumonia, 
approximately, two isolates (of all isolated samples).

In addition, in the culture of these samples we found Proteus mi-
rabilis, Enterobacter, Enterococcus, Enterobacter cloacae, Enterococcus 
faecalis, besides, Gram-negative organisms (E. coli, and K. pneumo-
nia); however, Gram-positive organisms (ex; S. aureus) also isolated.

If bacterial isolates are able to develop resistance to three or 
more of the antibiotic are called multiple drugs resistance (MDR).18

2.3  |  Statistical analysis

All the data were analyzed using SPSS software. Calculations of 
mean values and standard deviation (SD) were made for the char-
acterization of the study population. We tested the resistance of 
MDR E. coli and K. pneumoniae to many antibiotics. The statistical 
significance of the difference of data was assessed by a Chi-square 
test. Unpaired t-test was used to compered between groups of two 
isolates. p values <0.05 were considered statistically significant.

3  |  RESULTS

From all the urine culture samples tested, 82 (68.3%) were E. coli, 
and 38 (31.7%) were K. pneumonia. Among relation to gender, E. coli 
infection found in 37 (30.8%) male and 45 (37.5%) female, whereas 
K. pneumonia infection documented in 9 (7.5%) male, and 29 (24.2%) 

female, with a statistical significant difference (Chi-square = 4.1822; 
p = 0.04; Table 1).

In relation to the age, the overall mean age of patients in-
fected with E. coli was (32.16 ± 14.39 years), which was significantly 
younger than overall mean age of patients infected with K. pneu-
monia (37.24 ± 14.37 years), (t-test = 4.361; 95% CI = 5.791–15.73; 
p  =  0.024). In addition, female in this study were infected with E. 
coli very early in their life than other. In the other words, the mean 
age of female samples isolated with E. coli was (26.48 ± 14.57 years), 
while age of female with K. pneumonia was (31.33 ± 14.15 years) with 
a highly significant difference (t-test =  12.233; 95% CI =  11.565–
25.432; p = 0.0001). Furthermore, mean age of male samples iso-
lated with E. coli was (30.0 ± 14.36 years), while age of male with K. 
pneumonia was (36.5 ± 14.12 years) with a highly significant differ-
ence (t-test = 10.761; 95% CI = 10.884–30.782; p = 0.0001; Table 2).

The E. coli isolates were found to be highly resistant to ceftriax-
one (n = 73; 89.0%), ampicillin (n = 71; 86.6%), levofloxacin (n = 68; 
82.9%), cefotaxime (n = 65; 79.3%), aztreonam (n = 61; 74.4%), cef-
tazidime (n  =  56; 68.3%), gentamicin (n  =  45; 54.9%), piperacillin 
(n = 44; 53.7%), and trimethoprim-sulfamethoxazole (n = 44; 53.7%), 
respectively. The E. coli isolates were found to be relatively less re-
sistant to imipenem (n = 2; 2.4%), cefepime (n = 28; 34.1%), and ci-
profloxacin (n = 29; 35.4%), respectively. For K. pneumonia isolates, 
high resistance rates were observed for piperacillin (n = 31; 81.6%), 
levofloxacin (n = 30; 78.9%), ampicillin (n = 29; 76.3%), cefotaxime 
(n  =  27; 73.7%), trimethoprim-sulfamethoxazole (n  =  28; 71.1%), 
ceftazidime (n = 25; 65.8%), gentamicin (n = 24; 63.2%), cefepime 
(n = 19; 50.0%), and aztreonam (n = 17; 44.7%), respectively.

However, moderate resistance rates were detected for these 
were found to be less resistant for imipenem (n = 5; 13.2%), ceftriax-
one (n = 12; 31.6%), and ciprofloxacin (n = 14; 36.8%), respectively 
(Figure 1). The bacterial isolates were resistant to more than three 
antibiotics, therefore, classified as MDR.

4  |  DISCUSSION

Urinary tract infection is one of the most common infectious dis-
eases in the world and is caused by both Gram-positive and Gram-
negative bacteria.19 The study of bacterial resistance to multiple 
antibiotics is crucial in deciding on the appropriate treatment for 
the infection resulting from it as the spread of these MDR bacterial 
strains poses a great risk to the health of individuals of all ages. The 

TA B L E  1 Distribution of the isolates according to gender

Gender

E. coli K. pneumoniae Total

No. % No. % No. %

Male 37 30.8 9 7.5 46 38.3

Female 45 37.5 29 24.2 74 61.7

Total 82 68.3 38 31.7 120 100

Chi-square = 4.1822; p = 0.04
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majority of individuals are exposed to urinary tract infections due 
to changes in various anatomical and physiological characteristics.

In this study, we observed that the infection rates in females 
(61.7%) were higher than in males (38.3%). In this study, the overall 
mean age of patients infected with E. coli was (32.16 ± 14.39 years) 
significantly younger than overall mean age of patients with K. 
pneumonia (37.24 ± 14.37 years), (t-test =  4.361; 95% CI =  5.791–
15.73; p = 0.024). In other words, the mean age of female samples 
isolated with E. coli is (26.48 ± 14.57 years), while age of female with 
K. pneumonia is (31.33 ± 14.15 years) with a highly significant differ-
ence (p = 0.0001). Furthermore, mean age of male samples isolated 
with E. coli is (30.0 ± 14.36 years), while mean age of male with K. 
pneumonia is (36.5 ± 14.12 years) with a highly significant differ-
ence (p  =  0.0001). The results of this study were in congruence 
with another study by Regmi et al, where they observed growth 
culture (23.75%) in the younger age group 21–30 years and the age 
group 41–50 years (13.66%) from urine samples.20 In Saudi Arabia, 
it was observed that the incidence of urinary tract infection in fe-
males was more than that of males at 82.5% with the mean (SD) 
age of 36.5 (12.2) years.21 In Isfahan, Iran, a study showed that the 
number of females with UTIs was 263 (89%), which was much more 
than the males, which were 32 (11%).22 The high incidence of UTIs 
in women is due to multiple reasons including according to female 
anatomy, female urethra is much shorter in length in women than 

men, more sensitive skin of the external urethral meatus in women 
is mostly mucosa (moist tissue lining the inside of the vagina, and 
this skin is thinner and more sensitive than most of the skin on 
the body), female urethra is located closer to the rectum, sexual 
contact can allow bacteria near the vagina to get into the urethra, 
vaginal irritation due to spermicide or a diaphragm for birth con-
trol, menopause, and pregnancy, which make women more suscep-
tible to infection.23 The most common prevalent pathogens in the 
urine isolate were E. coli (n = 82; 68.3%) followed by K. pneumonia 
(n = 38; 31.7%). Previous studies differed from ours in recording 
prevalence rates of MDR bacteria isolated from urine samples. The 
results of the present study are roughly consistent with a study 
in Saudi Arabia, showing that the most prevalent bacteria were 
E. coli (66%) and K. pneumoniae (11.4%), respectively.24 Similarly, 
in another study, Regmi et al, observed that most of the isolates 
were also E. coli (65.84%) and K. pneumoniae (12.42%).20 On the 
other hand, in Isfahan, Iran, the prevalence rates of E. coli and K. 
pneumoniae were 50.1% and 23.3%, respectively,22 whereas in 
Nepal, Kattel et al., reported the prevalence of E. coli (59.59%) and 
K. pneumoniae (10.78%).25 A contrary report showed that the ma-
jority of isolates were K. pneumoniae (n = 116; 76.3%) followed by 
E. coli (n = 26; 17.1%). The study from Saudi Arabia showed, pre-
dominance of E. coli (n = 157; 37.6%), followed by K. pneumoniae 
(n = 70; 16.7%).21 Most of the studies agreed on the ordering of the 

E. coli K. pneumonia
Unpaired 
t-test 95% CI p-value

Age (years)
Mean ± SD

32.16 ± 14.39 37.24 ± 14.37 4.361 5.791–15.73 0.024

Age of male (years)
Mean ± SD

30.0 ± 14.36 36.5 ± 14.12 10.761 10.884–30.782 0.0001

Age of female (years)
Mean ± SD

26.48 ± 14.57 31.33 ± 14.15 12.233 11.565–25.432 0.0001

TA B L E  2 Distribution of the isolates 
according to age

F I G U R E  1 Rates of antimicrobial 
resistance of the collected E. coli and K. 
pneumoniae
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uropathogens from most common to least, as they included E. coli, 
Klebsiella, Pseudomonas, Enterobacter, and possible Candida sp.26,27

Overall, our findings suggest that there is a large percentage 
of resistance shown by bacteria isolated from the urine samples. E. 
coli isolates showed high resistance to ceftriaxone (89%), ampicillin 
(86.6%), levofloxacin (82.9%), cefotaxime (79.3%), aztreonam (74.4%), 
ceftazidime (68.3%), gentamicin (54.9%), piperacillin (53.7%), and 
trimethoprim-sulfamethoxazole (53.7%). Though they appeared less 
resistant for imipenem (2.4%), cefepime (34.1%), and ciprofloxacin 
(35.4%), respectively. K. pneumonia isolates were highly resistant 
for piperacillin (81.6%), levofloxacin (78.9%), ampicillin (76.3%), ce-
fotaxime (73.7%), trimethoprim-sulfamethoxazole (71.1%), ceftazi-
dime (65.8%), gentamicin (63.2%,), cefepime (50.0%), and aztreonam 
(44.7%), respectively. However, they found to be less resistant for 
imipenem (13.2%), ceftriaxone (31.6%,), and ciprofloxacin (36.8%), 
respectively. A study conducted in the USA showed an increase 
in the rates of ampicillin (97.8%), trimethoprim-sulfamethoxazole 
(92.8%), and ciprofloxacin (38.8%) resistance, respectively.28 Another 
study from the UK showed higher rates of ampicillin resistance (55%) 
in E. coli isolates.29 In India, the resistance rates to trimethoprim-
sulfamethoxazole, gentamicin, and ciprofloxacin were 83.3%, 48.8%, 
and 46%, respectively.30 Leski et al., 2016 showed high gentamycin 
(72.9%) and ciprofloxacin resistance (47.1%) resistance.31 Alanazi et al, 
reported high ciprofloxacin (72.7%) and ampicillin (42.85%) resistance 
in their study.32 All the studies differed in the resistance rates of bac-
teria that cause UTIs, which could be attributed to many factors, like 
the study population and differences in the geographical location. 
One of the reasons for the development of bacterial resistance to an-
tibiotics is the indiscriminate use of antibiotics by the patient without 
any medical advice. This leads to the emergence of mutant strains, 
thus enhancing their ability to prevent drugs from reaching them. 
Numerous studies have shown that most urinary tract pathogens have 
altered their resistance to change over time in many countries.7,16,33,34

E. coli and K. pneumoniae isolates from urinary tract infections 
have been discussed in several empirical kinds of literature and 
conducted in many countries.35–38 However, the paucity of inves-
tigations into E. coli and K. pneumoniae isolated from patients with 
urinary tract infections in the Iraqi context remained rare. This study 
contributes to bridging the literature gap by investigating in-depth 
such an issue in Basra.

This study is not free from limitations. Among the gaps in this 
study was whether the patient repeated the use of the same an-
tibiotics when they were reinfected again with UTI without a pre-
scription from medical advice or not. The current study focused on 
specific pathogens. It is an important to conduct other studies to 
study the resistance of other pathogens while evaluating the pat-
terns of resistance spread in hospitals.

5  |  RECOMMENDATIONS

The spread of antibiotic resistance is a major health problem that 
must be taken to consideration because it has a significant impact on 

the health of the individual in society. This study recommended the 
need to reduce the indiscriminate use of antibiotics and the spread 
of resistant bacteria that cause UTIs and to develop a policy to be 
followed in hospitals and private clinics after the establishment of 
other studies. A requirement to detect bacterial strains resistant to 
antibiotics and evaluate the genetic basis of the resistance patterns 
spread inside Iraq and compare it with other countries.

6  |  CONCLUSION

In this study, our results demonstrated that urinary tract infections 
were higher in females than in males, (61.7% vs. 38.3%). The most 
prevalent pathogens found in the urine isolates were E. coli (82; 
68.3%) followed by K. pneumonia (38; 31.7%). E. coli isolates exhib-
ited high resistance rates for ceftriaxone, ampicillin, levofloxacin, 
cefotaxime, aztreonam, ceftazidime, gentamicin, piperacillin, and 
trimethoprim-sulfamethoxazole, while it appeared less resistant for 
imipenem, cefepime, and ciprofloxacin. K. pneumonia isolates were 
also highly resistant to piperacillin, levofloxacin, ampicillin, cefotax-
ime, trimethoprim-sulfamethoxazole, cefotaxime, ceftazidime, gen-
tamicin, cefepime, and aztreonam, whereas, relatively less resistant 
to imipenem, ceftriaxone, and ciprofloxacin. Molecular investigation 
of genes encoding these antimicrobial resistance markers are highly 
recommended in order to better understand the molecular epidemi-
ology of the collected isolates.
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