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Abstract
Background. Urinary tract infection (UTI) is the growth of pathological bacteria within the urinary tract, 

and is one of the most common types of bacterial infections worldwide. Bacterial resistance to antibiotics is a 
major public health concern. Antibiotic-resistant bacterial infections exacerbate the situation in developed, 
developing and underdeveloped countries. 

Objective. The aim of this research is to identify the frequency of different bacterial pathogens and their 
sensitivity to different types of antibiotics in patients suffering from UTI in Basra city hospitals. 

Method. This cross-sectional study included 505 samples positive for bacterial growth. It was conducted by 
data extraction from hospital laboratory records, where information was obtained about bacterial examination 
of urine samples taken from patients with urinary tract infection. The samples were cultured and antibiotic 
sensitivity was tested by laboratory workers, in order to determine the appropriate treatment for patients. 

Results and conclusions. The average age of patients was 43.5 years, of whom (60.4%) were females. The 
most common bacteria was Escherichia coli (40.6%). In antibiotic susceptibility testing process, gentamicin 
(5.7%), ciprofloxacin (4.7%), trimethoprim (4.7%), trimethoprim/sulfamethoxazole (4.1%), and cefepime 
(3.9%) were the most frequently used antibiotics, while cefotetan (0.06%), ampicillin-sulbactam (0.09%), 
mupirocin (0.2%), cefazolin (0.2%), fosfomycin and amoxicillin (0.2%) were the least used. The highest 
sensitivity shown by cultured bacteria was to linezolid (95.5%), ertapenem (91.7%), teicoplanin (79.4%), 
nitrofurantoin (75.2%) and amikacin (72.4%). The highest resistance shown by cultured bacteria was to 
cefazolin (100%), oxacillin (94.6%), fusidic acid (91.2%), ampicillin (90.4%), and amoxicillin (88.2%).
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INTRODUCTION 

A urinary tract infection is the growth of pathologi-
cal bacteria within the urinary tract. It is one of the 
most common types of bacterial infections worldwide, 
especially in developing countries, where it causes high 
rates of morbidity, mortality, and material losses. Uri-
nary tract infections affect approximately 150 million 
people annually, and are less common in males [1]. 
Signs and symptoms of the disease include dysuria, fre-
quent urination, nocturia, pyuria, fever, and sometimes 

suprapubic pain, and hematuria. It may lead to bacter-
emia and death. Urinary tract infections are mostly 
caused by aerobic gram-negative bacilli enterobacteria. 
These include Escherichia coli, which forms the highest 
percentage, followed by other species in varying pro-
portions, Klebsiella, Proteobacteria, Enterobacteriace-
ae, Citrobacter, and other common Gram-positive in-
testinal pathogens, such as Staphylococcus epidermidis, 
Staphylococcus aureus, Enterococcus faecalis, and 
Staphylococcus saprophyticus [2]. Urinary tract infec-
tions are classified into two types, complicated and un-
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complicated. Complicating factors are associated with 
risk factors and diseases such as urinary tract obstruc-
tion, urinary tract abnormalities, renal failure, kidney 
stones, indwelling catheters, renal transplantation, 
pregnancy, and immunosuppression. As for uncompli-
cated ones, they affect people who are healthy and do 
not have urinary tract abnormalities, and are associat-
ed with risk factors such as age, sex, diabetes, sexual 
activity, and some methods of contraception [3]. 

Bacterial resistance to antibiotics is a major public 
health concern because the basis of treatment for UTI 
is the use of antibiotics, and treatment is often pre-
scribed empirically. Injudicious and inappropriate use 
of antibiotics and long courses of treatment are a cause 
of recurrence of infection because bacteria develop re-
sistance against the antibiotic used, making treatment 
difficult, expensive, less effective or even impossible, 
prolonging the disease and increasing the mortality 
rate. To ensure treatment of the disease, periodic mon-
itoring and continuous scientific research must be car-
ried out in this field [4].  There is a difference in the 
pattern of sensitivity to antibiotics between different 
countries and between different cities in the same 
country [5].  One of the most important challenges of 
the current century is the emergence of bacterial resist-
ance to antibiotics. In the mid-1940s, two years after 
the use of penicillin, the first penicillin-resistant strain, 
Escherichia coli, appeared. Due to the appearance of 
resistance genes in these bacteria, the antibiotics be-
come ineffective against them. The indiscriminate use 
of antibiotics forces bacteria to adapt. Therefore, it has 
become necessary to choose the appropriate antibiotic 
for each type of infection to reduce health damage and 
side effects of medications and save time and effort [6]. 

Antibiotic treatment depends on knowing the type 
of causative bacteria, the sex and age of the patient, 
and the patient's clinical condition, in addition to know-
ing the susceptibility patterns to the antibiotics used in 
the relevant geographical area [7]. Therefore, this re-
search was conducted to study the most common path-
ogenic bacteria associated with urinary tract infections 
and the pattern of sensitivity to antibiotics in patients 
managed by Basra City hospitals, southern Iraq. That is 
to provide information to microbiologists and doctors 
to help them effectively treat urinary tract infections. 
Aim of study To determine the most frequent bacteria 
responsible for urinary tract infections in patients man-
aged at Basra city hospitals, Iraq and their sensitivity to 
certain antibiotics.

MATERIALS AND METHODS
This cross-sectional study was conducted in five ma-

jor hospitals in the city of Basra, Iraq. Al-Sadr Teaching 
Hospital, Al-Basra Teaching Hospital, Al-Mawani' Teach-

ing Hospital, Al-Shifa' and Al-Zubair general hospitals to 
estimate the prevalence of bacteria causing urinary 
tract infections and their resistance to antibiotics. Data 
were collected after obtaining approval from the Cen-
tre of Training and Human Development in Basra Direc-
torate of Health. The study included outpatient and in-
patient patients who presented with signs and 
symptoms of UTI of all ages and both sexes during a 
one-year period, from August 2022 to August 2023.

Data were collected from microbiology laboratory 
records of patients with UTI symptoms such as age, sex 
of the patient, type of bacteria, and antibiotic sensitivi-
ty. Isolation and identification of urinary pathogenic 
bacteria was performed by standard microbiological 
methods or by Vitek system. The disc diffusion test and 
the Vitek 2 system were used to determine antimicrobi-
al resistance patterns of the isolated bacteria. The cur-
rent study included the database of 505 samples for 
bacterial growth. 

RESULTS

Records contained 505 patients' data (244 in Al-Sadr 
Teaching Hospital, 108 in Al-Basra Teaching Hospital, 73 
in Al-Mawani' Teaching Hospital, 40 in Al-Shifa General 
Hospital and 40 in Al-Zubair General Hospital.

Patients' data were taken during the period from 
August 2022 and August 2023. Females were more 
than males and the median age of them was 43.5 years, 
with a minimum age of 1 years and maximum age of 90 
years (Table 1).

TABLE 1. Demographic characteristics of the patients

Variable Frequency Percent

Hospital
Al-Sadr Teaching Hospital 244 48.3
Al-Basra Teaching Hospital 108 21.4
Al-Mawani' Teaching Hospital 73 14.5
Al-Shifa Hospital 40 7.9
Al-Zubair Hospital 40 7.9
Sex
Male 200 39.6
Female 305 60.4
Method of identification
Vitek 280 55.4
Manual 225 44.6
Gram stain results
Gram-negative bacteria 351 69.5
Gram-positive bacteria 154 30.5
Total 505 100

Mean± SD Median  
(Min. - Max.)

Age (Year): 42.58±24.296 43.5 (1-90)
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TABLE 2. Frequency of isolated uropathogens

Name of bacteria Number of isolates Percentage

Escherichia coli 205 40.6
Staphylococcus species 113 22.4
Klebsiella pneumonia 79 15.6
Pseudomonas aeruginosa 33 6.5
Streptococcus species 25 5.0
Enterobacter cloacae 23 4.5
Enterococcus faecalis 16 3.2
Proteus mirabilis 11 2.2
Total 505 100

It can be seen in Table 3 that Gentamycin (5.7%), 
Ciprofloxacin (4.7%), Trimethoprim (4.7%), Trimethop-
rim/Sulfamethoxazole (4.1%) and Cefepime (3.9%) 
were the most frequent antibiotics, out of 53 antibiot-
ics, used to investigate the sensitivity of the bacteria 
cultured. On the other hand, Cefotetan (0.06%), Ampi-
cillin-sulbactam (0.09%), Mupirocin (0.2%), Cefazolin 
(0.2%), Fosfomycin and Amoxicillin (0.2%) were the 
least used. The highest sensitivity shown by the cul-
tured bacteria was to Linezolid (95.5%), Ertapenem 
(91.7%), Teicoplanin (79.4%), Nitrofurantoin (75.2%) 
and Amikacin (72.4%). The highest resistance shown by 
the cultured bacteria was to Cefazolin (100%), Oxacillin 
(94.6%), Fusidic acid (91.2%), Ampicillin (90.4%) and 
Amoxicillin (88.2%). 

DISCUSSION
UTIs are among the most common bacterial infec-

tions. They affect women, children and men from all 
age groups. Escherichia coli is the most common patho-
gen in urinary tract infections. The current study 
showed that the percentage of females who consult 
hospitals due to urinary tract infections was more than 
the males', and this is consistent with many previous 
studies in different cities in Iraq such as Basra, Duhok, 
Najaf, and Baghdad [8-11]. This result was also consist-
ent with other studies reported from different parts of 
the world showing a statistical predominance of fe-
males such as Uganda, Pakistan, Bangladesh, Tanzania, 
etc [12-14]. This could be due to difference in the inci-
dence and/or prevalence between both sexes as result 
of anatomical and/or physiological differences [15], 
due to difference in severity and frequency/recurrence 
of infection, or due to psychological or social differenc-
es. In our study, 69.5% of infections were due to 
Gram-negative bacilli. Another study reported similar 
findings, where the Gram -negative bacilli emerged as 
the most common pathogen associated with urinary 
tract infections [16].

The current study showed that Escherichia coli was 
the most prevalent bacteria in UTI patients who con-

sulted the hospitals (40.6%). These results agreed with 
several previous studies in Iraq [17-20]. Also, the results 
corroborate the results of Martin et al., which showed 
that the most prevalent bacterial UTI pathogen was  
Escherichia coli (41.9%), followed by S. aureus (31.4%) 
[21]. This can be due to the ability of these bacteria to 
attach to the surface of epithelial cells and they possess 
many virulence factors, such as fimbria, which help to 
invade urinary tract cells [25]. Some E. coli strains can 
diverge from their commensal groups and acquire a 
more pathogenic nature. These strains acquire specific 
virulence factors (via horizontal transfer of DNA from 
plasmids, transposons, pathogens, and phages), which 
endow bacteria with an increased ability to adapt to 
new domains, increasing their ability to cause a wide 
range of diseases [26].

Staphylococcus species was the second most com-
mon isolate (22.4%). This result was consistent with 
other reported studies [12,13,21]. That was attributed 
to the fact that this bacteria has the ability to produce 
three virulence factors (biofilms, hemolysis, and adhe-
sion) [27]. Klebsiella pneumonia was isolated as the 
third pathogen (15.6%) causing urinary tract infection. 
This result was consistent with other studies [1,13]. 
This bacteria contains virulence factors such as fimbriae 
that facilitate attachment to epithelial cells as well as a 
capsule to prevent phagocytosis [28]. In this study all 
isolated bacteria were exposed to different antibiotics 
to test their sensitivity/resistance. Most of the isolated 
bacteria were resistant to cefazolin (100%), oxacillin 
(94.6%), ampicillin (90.4%), amoxicillin (88.2%) and  
cefuroxime (87.2%) due to their ability to produce  
beta-lactamase that destroys the lactam ring in these 
antibiotics [32]. The antibiotics linezolid (95.5%), ertap-
enem (91.7%), teicoplanin (79.4%), nitrofurantoin 
(75.2%) and amikacin (72.4%) were the most effective 
antibiotics on all the bacteria isolated.

The results of the current study showed that the 
Gram-negative bacteria Escherichia coli are 100% re-
sistant to amoxicillin, cefazolin, rifampicin, and vanco-
mycin, 94% to ampicillin, 84% to cefixime and cefurox-
ime, and 82% for both piperacillin and ticarcillin. This 
may be due to the large amount of these antibiotics 
that are prescribed (by local doctors or self-prescrip-
tion) or dispensed by local pharmacies. Therefore, it is 
needed to avoid using these antibiotics to treat urinary 
tract infections caused by Escherichia coli and effective 
antibiotics such as ertapenem, fosfomycin, nitrofuran-
tion, and amikacin need be used. This is consistent with 
previous studies that showed that Escherichia coli bac-
teria were sensitive to aminoglycosides such as amika-
cin [23,33]. These results are also consistent with previ-
ous results that showed resistance to the penicillin 
group, such as ampicillin [16,23]. These results are also 
consistent with previous results that showed resistance 
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TABLE 3. The antibiotics used in the sensitivity testing of the bacterial growth

Antibiotic Sensitive  
No. (%)

Intermediate  
No. (%)

Resistant  
No. (%)

Total  
No. (%)

Amikacin 184 (72.4) 31 (12.2) 39 (15.4) 254 (3.6)
Ampicillin 11 (8.8) 1 (0.8) 113 (90.4) 125 (1.8)
Amoxicillin/Clavulanate 10 (13.5) 5 (6.8) 59 (79.7) 74 (1.1)
Aztronam 63 (31.5) 6 (3.0) 131 (65.5) 200 (2.9)
Azithromycin 37 (21.5) 2 (1.2) 133 (77.3) 172 (2.5)
Amoxicillin 1 (5.9) 1 (5.9) 15 (88.2) 17 (0.2)
Ampicillin-sulbactam 1 (16.7) 0 (0) 5 (83.3) 6 (0.09)
Chloramphenicol 105 (70.5) 5 (3.4) 39 (26.2) 149 (2.1)
Ceftazidime 89 (32.5) 7 (2.6) 178 (65.0) 274 (3.9)
Ceftazidime/Avibactam 27 (57.4) 0(0) 20 (42.6) 47 (0.7)
Cefixime 12 (17.9) 2 (3.0) 53 (79.1) 67 (0.9)
Cefazolin 0(0) 0(0) 16 (100.0) 16 (0.2)
Ciprofloxacin 136 (41.5) 8 (2.4) 184 (56.1) 328 (4.7)
Ceftriaxone 43 (30.3) 4 (2.8) 95 (66.9) 142 (2.0)
Clarithromycin 9 (33.3) 0(0) 18 (66.7) 27 (0.4)
Clindamycin 50 (49.0) 2 (2.0) 50 (49.0) 102 (1.5)
Cefotaxime 35 (22.3) 2 (1.3) 120 (76.4) 157 (2.2)
Cefuroxime 5 (12.8) 0(0) 34 (87.2) 39 (0.6)
Cefotetan 1 (25.0) 0(0) 3 (75.0) 4 (0.06)
Cefepime 95(33.9) 10 (3.6) 175 (62.5) 280 (3.9)
Cefoxitin 60 (36.8) 6 (3.7) 97 (59.5) 163 (2.3)
Doxycycline 82(50.9) 5 (3.1) 74 (46.0) 161(2.3)
Erythromycin 18 (13.7) 3 (2.3) 110 (84.0) 131 (1.9)
Ertapenem 22 (91.7) 0(0) 2 (8.3) 24 (0.3)
Fosfomycin 13 (76.5) 0(0) 4 (23.5) 17 (0.2)
Fusidic acid 3 (8.8) 0(0) 31 (91.2) 34 (0.5)
Gentamycin 216 (54.1) 14 (3.5) 169 (42.4) 399 (5.7)
Imipenem 152 (54.5) 10 (3.6) 117 (41.9) 279 (3.9)
Kanamycin 31 (44.9) 7 (10.1) 31 (44.9) 69 (0.9)
Linezolid 64 (95.5) 0(0) 3 (4.5) 67 (0.9)
Levofloxacin 107 (44.4) 5 (2.1) 129 (53.5) 241(3.4)
Lomefloxacin 15 (27.3) 0(0) 40 (72.7) 55 (0.8)
Meropenem 199 (77.7) 6 (2.3) 51 (19.9) 256 (3.7)
Minocycline 68 (53.5) 22 (17.3) 37 (29.1) 127 (1.8)
Moxalactam 17 (45.9) 8 (21.6) 12 (32.4) 37 (0.5)
Mupirocin 8 (53.3) 3 (20.0) 4 (26.7) 15 (0.2)
Nalidixic acid 29 (22.5) 9 (7.0) 91 (70.5) 129 (1.8)
Nitrofurantoin 115 (75.2) 9 (5.9) 29 (19.0) 153 (2.2)
Norfloxacin 41 (31.1) 1 (0.8) 90 (68.2) 132 (1.9)
Ofloxacin 25 (50.0) 0(0) 25 (50.0) 50 (0.7)
Oxacillin 4 (5.4) 0(0) 70 (94.6) 74 (1.1)
Piperacillin 41 (19.2) 4 (1.9) 169 (79.0) 214 (3.1)
Piperacillin/Tazobactam 108 (59.3) 11 (6.0) 63 (34.6) 182 (2.6)
Rifampicin 61 (64.2) 1 (1.1) 33 (34.7) 95 (1.4)
Streptomycin 16 (53.3) 2 (6.7) 12 (40.0) 30 (0.4)
Trimethoprim/Sulfamethoxazole 138 (47.9) 2 (0.7) 148 (51.4) 288 (4.1)
Tetracycline 84 (33.7) 11 (4.4) 154 (61.8) 249 (3.6)
Teicoplanin 50 (79.4) 1 (1.6) 12 (19.0) 63 (0.9)
Ticarcillin 22 (15.7) 3 (2.1) 115 (82.1) 140 (2.0)
Ticarcillin/Clavulanic acid 52 (41.6) 9 (7.2) 64 (51.2) 125 (1.8)
Trimethoprim 45 (35.2) 5 (3.9) 78 (60.9) 128 (1.8)
Tobramycin 163 (49.8) 18 (5.5) 146 (44.6) 327 (4.7)
Vancomycin 70 (70.7) 4 (4.0) 25 (25.3) 99(1.4)
Total 3053 (43.6) 265 (3.8) 3715 (53) 7003
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to the cephalosporins group, such as cefixime [34].  
The present results showed that the Gram-positive bac-
teria Staphylococcus species resistant to cefotaxime, 
cefepime, fosfomycin and Kanamicin (100%), to oxacil-
lin (94%), to fusidic acid (91%), to azithromycin (90%) 
and to nalidixic acid (83%). A possible explanation for 
this situation is that these antibiotics have been used 
for long periods of time and have been abused. Over 
time, the bacteria developed new resistance mecha-
nisms against it. On the other hand, the study showed 
that the most effective antibiotics against urinary tract 
infections caused by Staphylococcus species were am-
picillin, piperacillin/tazobactam, linezolid, amikacin, mi-
nocycline, and teicoplanin. This is consistent with previ-
ous studies that showed that Staphylococcus aureus 
bacteria are sensitive to linezolid [35]. These results are 
also consistent with previous findings that have shown 
resistance to nalidixic acid [23]. Also, the results showed 
that Gram-negative bacteria Klebsiella pneumonia are 
100% resistant to amoxicillin/clavulanate, ampicillin- 
sulbactam, cefuroxime, fosfomycin, oxacillin, and ri-
fampicin, 96% to ticarcillin, 95% to tetracycline, 91% to 
amoxicillin and ampicillin. Conversely, the study showed 
that the most effective antibiotics against urinary tract 
infections caused by Klebsiella pneumonia were cefote-
tan, ertapenem and amikacin. This agrees with previ-
ous studies that showed Klebsiella pneumonia bacteria 
were sensitive to aminoglycosides such as amikacin 
[16,23]. These results are also consistent with previous 
findings that have shown resistance to ampicillin [23]. 
The resistance of Pseudomonas aeruginosa was 100% 
to amoxicillin/clavulanate, ampicillin-sulbactam, cefix-
ime, cefuroxime, erythromycin, lomefloxacin, ofloxacin, 
oxacillin and tetracycline. 

On the other hand, the sensitivity of Pseudomonas 
aeruginosa was to amoxicillin, chloramphenicol and 
doxycycline. Among the cephalosporins, it was shown 
that Pseudomonas aeruginosa is 100% resistant to ce-
fixime. This result is consistent with previous research 
stated that cefixime is ineffective against Gram-nega-
tive bacteria [33]. Regarding Streptococcus species, it 
was 100% resistant to aztronam, gentamycin, imipen-
em, lomefloxacin, meropenem, nalidixic acid and nor-
floxacin. However, it was most effective against urinary 
tract infections caused by Streptococcus species were 
linezolid, piperacillin, trimethoprim, nitrofurantoin and 
tobramycin. Enterobacter cloacae was found to be 100% 
resistant to ampicillin, ampicillin-sulbactam, cefixime, 
cefazolin, cefuroxime, cefotetan, cefoxitin, erythromy-
cin, norfloxacin, and oxacillin. Again, this may be due to 
antibiotic abuse. Sensitivity was found to ceftazidime/
avibactam, doxycycline, ertapenem, linezolid, nitro-
furantion, and ofloxacin. This agrees with previous 
studies showed that Enterobacter cloacae bacteria 
were sensitive to nitrofurans such as nitrofurantoin 

[33]. When Enterococcus faecalis was considered, it 
was found 100% resistant to aztronam, ceftazidime, 
clarithromycin, cefepime, erythromycin, norfloxacin, 
and streptomycin. Abuse can be claimed the reason.  
Effective antibiotics were found trimethoprim/sulfa
methoxazole, ampicillin-sulbactam, doxycycline, chlo-
romphenicol, gentamycin, imipenem, kanamycin, and 
linezolid. This is consistent with previous studies, which 
found that Enterococcus faecalis was sensitive to car-
bapenems such as imipenem [33]. Moreover, this study 
showed that Gram-negative bacteria Proteus mirabilis 
were 100% resistant to ceftriaxone, cefotaxime, cefuro-
xime, doxycycline, kanamycin, minocycline, trimethop-
rim/sulfamethoxazole, ticarcillin, and ticarcillin/clavu-
lanic acid. Effective antibiotics were fosfomycin, cefta- 
zidime/avibactam, meropenem, and amikacin. This is 
consistent with previous studies showed that Proteus 
mirabilis bacteria were sensitive to aminoglycosides 
such as amikacin [33], and consistent with previous 
findings showed Proteus mirabilis resistance to cepha-
losporin such as ceftriaxone [16]. 

CONCLUSION
UTIs are among the most common bacterial infec-

tions. It affects women, children and men of all age 
groups. Escherichia coli is the most common pathogen. 
In patients who consult hospitals because of UTI, it is 
more common in females than in males. The study pro-
vided useful information about the pattern of bacterial 
resistance. In antibiotic sensitivity testing, Gentamycin, 
Ciprofloxacin, Trimethoprim, Trimethoprim/Sulfameth-
oxazole and Cefepime were the most frequent anti
biotics tested; while, Cefotetan, Ampicillin-sulbactam, 
Mupirocin, Cefazolin, Fosfomycin and Amoxicillin were 
the least used. The highest sensitivity shown by the cul-
tured bacteria was to Linezolid, Ertapenem, Teicopla-
nin, Nitrofurantoin and Amikacin. The highest resist-
ance shown by the cultured bacteria was to Cefazolin, 
Oxacillin, Fusidic acid, Ampicillin and Amoxicillin. 

Recommendations
Effective management of UTI is extremely important 

through rapid identification of the type of bacteria 
causing the disease and selection of appropriate antibi-
otics. Continuous monitoring of bacterial resistance is 
very essential, which is done by performing antibiotic 
susceptibility testing on a regular and periodic basis to 
get updated reports on antibiotic resistance. 

The patient should also not take antibiotics without 
a prescription from a specialist doctor. Doctors should 
be provided with the latest information about the local 
prevalence of bacteria causing urinary tract infec- 
tions, which will help them determine appropriate and 
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