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Uropathogens and their antimicrobial resistance 
patterns: Relationship with urinary tract infections

Introduction

Urinary tract infection (UTI) is a common health problem in 
both community and nosocomial settings. UTI is among one of 
the most common infections occurring particularly in women. 
As reported by the National Ambulatory Medical Care Survey, 
UTI alone is responsible for nearly seven million patient visits 
in outpatient department (OPD) as well as up to one million 
visits in hospital emergency department, resulting in about 
100,000 hospitalizations.[1] Nearly 50–60% of all women suffer 
from an episode of UTI at least once in their lifetime.[2] If the 
predisposing factors which are responsible for the occurrence 
of UTI are not timely diagnosed and treated, then it is also 
common for UTI episodes to reoccur.[3] Untreated UTI can result 
in serious complications such as kidney damage, renal scarring, 
and renal failure. UTI is commonly caused by bacteria mostly 
by Gram-negative bacteria such as Escherichia coli, Proteus 
species, Pseudomonas aeruginosa, Acinetobacter species, 

Klebsiella species, Enterobacter species, and Citrobacter 
species. Among Gram-positive bacteria, Staphylococcus 
saprophyticus, Enterococcus species, and Coagulase-negative 
Staphylococcus are common predictable spectrum of bacteria 
which are responsible for causing UTIs.[4,5]

As compared to non-pathogenic bacteria, the bacteria which are 
responsible for causing UTIs have more aggressive virulence 
factors which enhance their host cell attachment, colonization 
as well as invasion abilities. These bacteria avoid evasion of the 
immune system of host by the help of certain virulence factors 
which may be comprised of various cellular components such 
as pili, capsule, lipopolysaccharides, and various other cell 
surface structures.[4] Certain human anatomical as well as 
physiological factors are also responsible for increasing the 
incidence of UTI, for example, length of the urethra is shorter 
in females as compared to males which leads to an increased 
chance of acquiring UTI. Similarly, incomplete emptying 
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of bladder particularly in old age results in accumulation of 
residual urine remaining in the bladder and vesicoureteral 
reflux which frequently occurs among pregnant women which 
is the vital factors that can predispose host to UTIs.[6]

UTI is treated often by broad-spectrum antibiotics, and 
treatment is started empirically without performing culture 
and sensitivity. This inappropriate and non-judicious usage 
of antibiotics has resulted in the development of worldwide 
antibiotic resistance in bacteria, leading to the emergence of 
multiresistant strains of bacterial pathogens.[7] According to 
a survey conducted by the European Survey of Antibiotic 
Consumption, multidrug-resistant (MDR) bacterial strains 
were accountable for a mortality rate nearly about 25,000 
Europeans/year usually due to complications of UTIs.[8] Hence, 
it is necessary to circumvent non-judicious use of antibiotics 
that lead to the emergence of antimicrobial resistance and 
most appropriate antibiotics should be opted for first-choice 
empiric treatment of UTI. The antimicrobial susceptibility 
pattern among bacteria varies from country to country.[9] The 
Infectious Diseases Society of America recommends that 
regional surveillance should be conducted to monitor changes 
in susceptibility of uropathogens in specific regions.[10]

The main aim of this study was to determine the prevalence of 
UTI causing pathogens according to age and sex at a medical 
college hospital among OPD and their antibiotic susceptibility 
pattern to provide a database for reference. Keeping this study 
in view, insufficient research work has been published on this 
particular topic.

In the current scenario, where the antimicrobial resistance 
pattern is changing very alarmingly and new MDR bacteria 
are emerging frequently leading to enhance morbidity and 
mortality. This study focuses on highlighting the guidelines 
for the usage of appropriate antibiotics which can be used 
in treating UTI. In addition, our study will assist concerned 
authorities in preparing antibiotic prescription policies and 
evaluating their antibiotic formulary guidelines. Increase 
awareness and annual reporting for these findings will help 
in preventing the immerged strains from spread within the 
community.

Methods

Study design and setting

This is a cross-sectional study, and the retrospective analysis 
was carried out at the College of Medicine OPD in Buraydah, 
Qassim area, Saudi Arabia. We included all urine sample results 
submitted for urine culture and sensitivity in this study. We 
enrolled a total of 273 urine samples. The identification and 
susceptibility of causative microorganisms were performed by 
VITEK 2 compact system. Ethical approval was taken from 
the ethical committee of the Ministry of Health, KSA (Ethical 
approval number #20180314).

Measurements
Colony count method is a technique by which the number 
of viable bacterial colonies can be counted numerically in 
milliliter of urine sample; it is a quantitative measurement 
by which we can differentiate true bacteriuria from bacterial 
contamination that often occurs during improper collection of 
mid-stream or “clean-catch” urine.[11] UTI occurs when there 
is a presence of >105 colony-forming units (CFUs)/ml of mid-
stream urine, which is diagnostic. UTI was defined as urine 
culture plates growing bacterial colonies of ≥105 CFU/mL in 
a mid-stream urine sample.[11,12]

Collection and process of urine samples
Mid-stream urine samples were collected in a sterile container 
and were processed within 2 h of collection time. Urine sample 
was inoculated on a standard culture media Cystine–Lactose–
Electrolyte-Deficient (CLED) agar, using a calibrated (1 μL) 
loop. Culture plates were incubated at 35–37°C ambient air 
incubator for 18 h. After the allocated time period, the culture 
plates were visualized for the presence of bacterial colonies. 
They were reported as significant or non-significant growth 
on the basis of colony count method. These urine samples 
were also centrifuged, and urine sediment was used for 
direct microscopic examination of red blood cells (RBCs), 
leukocytes, epithelial cell, casts, crystals, and parasites. In 
the normal urine sediment, a few count of RBCs, pus cells 
(0–5/high power field), and epithelial cells may present. 
Epithelial cell count reported as “few,” “moderate,” or “many” 
per low-power field.

Bacterial identification and susceptibility testing
The identification and antimicrobial susceptibility of bacteria 
isolated from urine samples were performed by VITEK 2 
Compact System. Initially, the urine samples are cultured 
on CLED agar and were incubated at ambient temperature 
35–37°C in 5% CO2, after 18 h of incubation; the bacterial 
growth was preliminary identified by their colony morphology 
as well as gram staining. The culture plates showing growth 
of significant bacterial colonies were used to formulate a 
standardized saline inoculum recommended for VITEK 
identification. For the identification of bacteria through 
VITEK, we used special ID: Gram-negative ID card (GN 
Reference 21 341) and Gram-positive ID card (GP Reference 
21 342).

The antimicrobial susceptibility tests (AST) and the minimum 
inhibitory concentrations were determined by special 
sensitivity (AST) cards. Clinical and Laboratory Standards 
Institute criteria were used for the interpretation of AST results 
as per manufacturer’s instructions (BioMérieux, France) and 
the Advanced Expert System.

Isolated Gram-negative uropathogens were tested against 
different AST-N panels including ampicillin, cefepime, 
norfloxacin, cefoxitin, amoxicillin/clavulanic acid, piperacillin, 
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piperacillin/tazobactam, cefalotin, amikacin, tobramycin, 
cefuroxime, cefuroxime, cefpodoxime, cefotaxime, 
meropenem, ceftazidime, nitrofurantoin, trimethoprim/
sulfamethoxazole, ciprofloxacin, and gentamicin [Figure 1].

Whereas, Gram-positive uropathogens were tested against 
AST-P which include benzylpenicillin, erythromycin, 
tetracycline, oxacillin, moxifloxacin, trimethoprim/
sulfamethoxazole, cefalotin screen, gentamicin, tobramycin, 
levofloxacin, clindamycin, inducible clindamycin resistance, 
linezolid, teicoplanin, vancomycin, fosfomycin, and 
nitrofurantoin [Figure 1].

Data collection and statistical analysis

A structured questionnaire was designed to collect the 
demographic and clinical data of the patients. On arrival of a 
patient in the OPD, gender, age, medical history as well as vital 
signs were noted. We performed descriptive statistical methods 
for the data analysis. The antimicrobial resistance prevalence 
was calculated as the proportion of positive results over the 
entire study sample. Those bacteria which showed resistance 
to two antimicrobial agents of different class of antibiotics 
were termed as MDR.

Data analysis was performed using SPSS software. Statistical 
tests of significance were performed using the Student’s t-test 
and Chi-square (χ2) test, and variables were compared using 
cross-tabulation statistical methods. P < 0.05 was considered 
statistically significant.

Results

A total of 273 urine samples have been received in the 
Microbiology Laboratory, College of Medicine OPD in 
Qassim University, Saudi Arabia. Only 89 (32.6%) urine 

samples were showing significant growth for UTI, among 
whom, the females were 65 (73%) episodes. The average 
age (±SD) was 35.82±15.3 years. Frequency of gender 
distribution of UTI cases admitted to OPD of Qassim 
University medical clinics, Buraydah, Qassim, Saudi Arabia 
are summarized in Table 1.

The most common Gram-negative urinary pathogens isolated 
were E. coli, Klebsiella pneumoniae, Proteus mirabilis, 
P. aeruginosa, Enterobacter cloacae, Enterobacter aerogenes, 
and Morganella morganii [Table 2]. The frequency of 
Acinetobacter, Citrobacter, and Pantoea agglomerans is 
mentioned in Table 4 due to their clinical relevance.

The number (percentage) of common Gram-negative urinary 
pathogens resistant (R) to antimicrobial agents is shown in 
Table 2. The common urinary pathogens such as E. coli, 
K. pneumoniae, and P. mirabilis showed high resistance 
when they were tested against amoxicillin/clavulanic acid 
(66.2) and piperacillin (72.7). In comparison, low resistance 
rates were found against cefoxitin, cefpodoxime, ceftazidime, 
meropenem, and amikacin [Table 2]. E. coli showed a 
relatively low rate of resistance to nitrofurantoin (8.3% of 
the isolates) when compared with K. pneumoniae isolates 
(90.9%), and only 4.2% of E. coli isolates were resistant 
to gentamicin. In contrast, K. pneumoniae showed an 27% 
resistance rates.

Multiple resistances

Antimicrobial resistance was seen both in Gram-positive 
and Gram-negative bacteria. Multiple resistances were high 
among the isolated urinary pathogens. Particularly, E. coli 
had a ˃50% resistance rate to at least five of 20 antimicrobial 
agents [Table 3], while K. pneumoniae and P. mirabilis had 
˂50% and ˂30% resistance rates, respectively.

Figure 1: Frequency distribution of isolated microorganisms from patients with catheter-associated urinary tract infection
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Discussion

UTI is listed among one of the most common infections caused 
by various Gram-positive and Gram-negative bacteria.[13] To 
successfully treat the patients who are suffering from UTI, it 
is crucial to accurately identify the causative pathogen. Failure 
to do so will not only prolong the disease and will render 
the patient to complications but will also promote negative 
consequences of bacterial resistance due to a non-judicious 
use of inappropriate antibiotics. It is onerous to precisely 
measure the incidence and prevalence of UTIs because it is 
not a reportable disease within Saudi Arabia. In addition, the 
diagnosis of UTI is dependent on both the presence of clinical 
signs and symptoms along with a positive urine culture; 
however, in majority of health-care settings on the scene, this 
diagnosis is accomplished and treatment is started without 
performing the culture and antimicrobial sensitivity.

The emergence of antimicrobial resistance is a global problem 

as it affects people all over the globe. Based on the results of the 
urinary samples at the College of Medicine OPD in Buraidah, 
Qassim area, Saudi Arabia, we have shown that approximately 
92% (n = 82/89) of samples were resistant to antibiotic drugs 
and ~80% (n = 72) were MDR.

In our research study, the ratio of female patients with UTI 
was more than the males. This was inconsistent with the study 
by Kattel et al.[14] Higher prevalence of UTI among females is 
due to various factors that predispose women to UTI.[15] The 
most prevalent urinary tract pathogen in both the genders in 
our study was E. coli and K. pneumoniae in concordance with 
other studies from Saudi Arabia conducted by Ahmed et al. 
and Al-Tawfiq and Anani.[16,17]

In comparison to previous studies related to UTI since 1995, 
the prevalence rate of UTIs and the antibiotic resistance pattern 
in the Qassim area have enhanced over the past 20 years.[18] 
For example, in our study, the prevalence rate of UTI by 
urinary pathogens is concluded to be 32%, and these results 
are slightly higher than a study by Ahmad S, 1995 conducted 
in King Fahad Specialist Hospital in Buraidah, Qassim area, 
Saudi Arabia, who concluded a prevalence of 20.54%.[18] 
Furthermore, we found that the distribution of the common 
pathogens was slightly different from previous studies in 
the same area. As shown in Table 4, the common isolated 
pathogens were E. coli which was the most common organism 
(50.11%), followed by Klebsiella spp. (28.33%), Pseudomonas 

Table 1: Frequency of gender distribution of UTI cases admitted 
to OPD of Qassim University medical clinics, Buraydah, Qassim, 
Saudi Arabia, 2014
Variables Frequency (%)

Female 65 (73)

Male 24 (27)

Total 89 (100)
OPD: Outpatient department, UTI: Urinary tract infection

Table 2: Number (%) of common Gram-negative urinary pathogens resistant (R) to antimicrobial agents
Variables Escherichia 

coli
Klebsiella 

pneumoniae
Proteus 

mirabilis
Pseudomonas 

aeruginosa
Enterobacter 

cloacae
Enterobacter 

aerogenes 
Morganella 

morganii

Ampicillin 22 (91.7) 11 (100) 3 (75) IR IR IR IR

Amoxicillin/clavulanic acid 13 (54.2) 7 (63.6) 1 (25) IR IR IR IR

Piperacillin 21 (87.5) 10 (90.9) 1 (25) 4 (100) 3 (60) 3 (100) 3 (75)

Piperacillin/tazobactam 8 (33.3) 4 (36.4) 1 (25) 4 (100) 3 (60) 1 (33.3) 3 (75)

Cefalotin 17 (70.8) 4 (36.4) 2 (50) IR IR IR IR

Cefuroxime 6 (25) 3 (27.3) 2 (50) IR IR IR IR

Cefoxitin 2 (8.3) 1 (9.1) 1 (25) IR IR IR IR

Cefpodoxime 2 (8.3) 2 (18.2) 1 (25) IR IR IR IR

Cefotaxime 1 (4.2) 2 (18.2) 1 (25) IR 3 (60) 0 (0.0) 3 (75)

Ceftazidime 2 (8.3) 2 (18.2) 1 (25) 4 (100) 3 (60) 0 (0.0) 4 (100)

Cefepime 2 (8.3) 2 (18.2) 1 (25) 3 (75) 3 (60) 0 (0.0) 3 (75)

Meropenem 1 (4.2) 0 (0.0) 0 (0.0) 2 (50) 0 (0.0) 0 (0.0) 0 (0.0)

Amikacin 4 (16.7) 3 (27.3) 0 (0.0) 1 (25) 1 (20) 0 (0.0) 1 (25)

Gentamicin 1 (4.2) 3 (27.3) 0 (0.0) 1 (25) 2 (40) 0 (0.0) 2 (50)

Tobramycin 5 (20.8) 3 (27.3) 0 (0.0) 1 (25) 1 (20) 0 (0.0) 2 (50)

Ciprofloxacin 8 (33.3) 1 (9.1) 0 (0.0) 2 (50) 2 (40) 0 (0.0) 2 (50)

Norfloxacin 8 (33.3) 1 (9.1) 2 (50) 2 (50) 2 (40) 0 (0.0) 2 (50)

Nitrofurantoin 2 (8.3) 10 (90.9) IR - 5 (100) 0 (0.0) IR

Trimethoprim/sulfamethoxazole 14 (58.3) 5 (45.5) 2 (50) IR 3 (60) 1 (33.3) 1 (25)

Total number of isolates 24 11 4 4 5 3 4
IR: Intrinsic resistance. -: Not tested
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spp. (7.84%), and Proteus spp. (4.91%). Other bacterial 
pathogens were Enterococcus spp. (3.98%), Acinetobacter spp. 
(1.84%), Staphylococcus aureus (1.63%), and Enterobacter 
spp. (0.35). However, in our study, the most common 
pathogen was E. coli (26.9 %), K. pneumoniae (12.4%), E. 
cloacae (5.6%), P. mirabilis (4.5%), P. aeruginosa (4.5%), E. 
aerogenes (3.3%), M. morganii (4.5%), Citrobacter freundii 
(4.5%), Pantoea agglomerans (4.5%), Enterococcus faecalis 

(5.6%), S. saprophyticus (3.3%), and Staphylococcus aureus 
(2.2%). These data pointed out that there were decreased in 
the prevalence of E. coli and increased of Enterococcus sp.

An alarming finding from this study showed a high degree 
of drug resistance among pathogens. Our study showed a 
very high rate of resistance (>70%) among E. coli isolates to 
piperacillin. Among Klebsiella isolates, no resistance was found 
for meropenem and low resistance was found for ciprofloxacin 
(9.1), norfloxacin (9.1), and cefotaxime (9.1) but high for 
nitrofurantoin and trimethoprim/sulfamethoxazole. Resistance 
to piperacillin, piperacillin/tazobactam, and ceftazidime among 
P. aeruginosa, E. cloacae, and M. morganii goes in similar 
pattern consistently over 75%.[19] This resistance is most likely 
due to the massive use of third-generation cephalosporins and 
fluoroquinolone antibiotics in UTIs patients. Therefore, they 
were increasingly recognized as important causes of UTIs and 
our study findings highlight the significance of this species 
as a leading cause of MDR infection in patients with UTIs.

The etiology of bacteria causing UTI as well as their 
susceptibility to antimicrobials continue to vary over time 
period and it is different among different countries.[10,20,21] 
Sensitivity to cotrimoxazole is a crucial feature in choosing 
the empirical treatment for UTIs, as recommended by the 
European Urology Association Guidelines,[22,23] which 
suggest cotrimoxazole as the first-line antibiotic choice for 
empirical therapy in uncomplicated community-acquired 
UTIs when the local rates of trimethoprim/sulfamethoxazole 
resistance in uropathogens are <10–20%. However, our 
study revealed an overall resistance of trimethoprim/
sulfamethoxazole of 49.4% and E. coli-specific resistance 
of 58.3%. Similar results were obtained in a recent study 
of this nature conducted in Sultanate Oman by Sharef et 
al.,[24] which revealed an overall resistance of 47% and E. 
coli specific resistance of 50%, to this antibiotic. This is in 

Table 4: Frequency distribution of microorganisms isolated from 
patients with CA-UTIs admitted to OPD of Qassim University 
medical clinics, Buraydah, Qassim, Saudi Arabia, 2014
Organism isolated (n=89) Frequency (%) Total

Escherichia coli 24 (27.0)

Klebsiella pneumoniae 11 (12.4)

Proteus mirabilis 4 (4.5)

Pseudomonas aeruginosa 4 (4.5) 56

Enterobacter cloacae 5 (5.6)

Morganella morganii 4 (4.5)

Pantoea agglomerans 4 (4.5)

Citrobacter freundii 4 (4.5)

Klebsiella oxytoca 3 (3.4)

Proteus vulgaris 2 (2.2)

Acinetobacter baumannii 3 (3.4) 21

Enterobacter aerogenes 3 (3.4)

Acinetobacter lwoffii 3 (3.4)

Serratia marcescens 3 (3.4)

Enterococcus faecalis 5 (5.6)

Staphylococcus saprophyticus 3 (3.4)

Enterococcus faecium 2 (2.2) 12

Staphylococcus aureus 2 (2.2)

Total 89 (100.0) 89
OPD: Outpatient department, CA-UTIs: Catheter-associated urinary tract infections

Table 3: Number (%) of common Gram-positive urinary pathogens resistant (R) to antimicrobial agents*
Variables Enterococcus faecalis Enterococcus faecium Staphylococcus aureus Staphylococcus saprophyticus

Benzyl penicillin 5 (100) 2 (100) 2 (100) 3 (100)

Oxacillin - - 1 (50) 1 (33.3)

Gentamicin IR IR 0 (0.0) 0 (0.0)

Tobramycin IR IR 0 (0.0) 0 (0.0)

Levofloxacin 2 (40) 1 (50) 1 (50) 0 (0.0)

Clindamycin IR IR 0 (0.0) 1 (33.3)

Linezolid 1 (20) 0 (0.0) 0 (0.0) 0 (0.0)

Teicoplanin 0 (0.0) 0 (0.0) 0 (0.0) 1 (33.3)

Vancomycin 0 (0.0) 0 (0.0) 0 (0.0) 1 (33.3)

Fosfomycin 5 (100) 2 (100) 0 (0.0) IR

Nitrofurantoin 2 (40) 2 (100) 0 (0.0) 0 (0.0)

Rifampicin 5 (100) 2 (100) 0 (0.0) 1 (33.3)

Trimethoprim/Sulfamethoxazole IR IR 0 (0.0) 0 (0.0)

Total number of isolates 5 2 2 3
IR: Intrinsic resistance. -: Not tested
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contrast to various studies conducted in European countries 
which revealed low resistance ranging from 28% to 30%[25,26] 
and other African countries where resistance is comparatively 
high ranging from 88.3% to 98.6% [27,28] The high resistance in 
trimethoprim/sulfamethoxazole susceptibility pattern may be 
due to non-judicious use and over-the-counter selling of this 
antibiotic; however, recently, steps have been taken by the 
Ministry of Health, KSA, to restrict over-the-counter selling 
of antibiotics without prescription of doctor; implantation 
of this rule will have a significant impact in controlling 
antibiotic resistance.

Only few researches have been conducted to reveal the latest 
trends in etiological agents causing UTI among outpatients 
and community. In contrast, significant changes in the causes 
of hospital-acquired UTIs have been reported since 1980.[29] 
The laboratory tests, especially urine culture and sensitivity, 
are mandatory to establish an accurate diagnosis and antibiotic 
susceptibility pattern of pathogens causing UTI.

As part of infection control, we use the VITEK System to 
detect and report uropathogenic etiology and to detect the 
antibiotic susceptibility to limit the therapeutic failures that 
may inherently be caused by the conventional methods used. 
The phenotyping techniques which have been used to identify 
uropathogenic bacteria and to confirm the antimicrobial 
resistance data profile find concurrently agreements to the 
previously used molecular genotyping methods.

We use a fully automated machine. The use of the VITEK 2 
system enables the identity of broad spectrum of bacteria and 
their susceptibility up to 20 different antimicrobials.

In the current study, the urinary pathogens of a relatively 
low prevalence or newly emerged uropathogens are 
described in Table 5. These included Citrobacter freundii, 
Klebsiella oxytoca, Proteus vulgaris, Acinetobacter 
baumannii, Acinetobacter lwoffii, Serratia marcescens, 
and Pantoea agglomerans. Information on Acinetobacter, 
Citrobacter, and Pantoea agglomerans are included in Table 5 
die to their clinical importance. Mostly, Acinetobacter species 
are acquired from nosocomial infections, particularly, in 
patients who are catheterized or having debilitating disease, 
but, in our research, we isolated it from it in community-
acquired UTI.

The antibiotic susceptibility of uropathogenic bacteria is 
known to change with time and is inconsistent in different 
regions.[20] Here, we have described the impact of the best 
antimicrobials with low resistance rate (overall resistance %) 
against the uropathogens in this study. The best antimicrobials 
for Gram-negative organisms (n = 77) were meropenem 
(6.5%), amikacin (20.8%), gentamicin (20.8%), tobramycin 
(27.3%), and cefepime (28.6%) and moderate resistance 
rate were ciprofloxacin (31.2%), cefotaxime (32.5%), 
cefoxitin (35.1%), norfloxacin (35.1%), ceftazidime (36.4%), 
cefpodoxime (41.6%), piperacillin/tazobactam (44.2%), 

Table 5: Number (%) of less common Gram-negative urinary pathogens resistant (R) to antimicrobial agents*
Variables Citrobacter 

freundii
Klebsiella 
oxytoca

Proteus 
vulgaris

Acinetobacter 
baumannii

Acinetobacter 
lwoffii

Pantoea 
agglomerans

Serratia 
marcescens

Ampicillin IR IR IR IR IR IR IR

Amoxicillin/clavulanic acid IR 3 (100) 2 (100) IR IR IR IR

Piperacillin 4 (100) 3 (100) 2 (100) 1 (33.3) 2 (66.7) 0 (0.0)  0 (0.0)

Piperacillin/tazobactam 1 (25) 3 (100) 2 (100) 1 (33.3) 2 (66.7) 0 (0.0) 1 (33.3)

Cefalotin IR 3 (100) IR IR IR IR IR

Cefuroxime IR IR IR IR IR IR IR

Cefoxitin IR 2 (66.7) 2 (100) IR IR IR IR

Cefpodoxime IR 3 (100) 2 (100) - - IR 3 (100)

Cefotaxime 2 (50) 3 (100) 2 (100) 1 (33.3) 2 (66.7) 4 (100) 1 (33.3)

Ceftazidime 2 (50) 3 (100) 2 (100) 1 (33.3) 2 (66.7) 2 (50) 0 (0.0)

Cefepime 1 (25) 3 (100) 2 (100) 0 (0.0) 1 (33.3) 1 (25) 0 (0.0)

Meropenem 0 (0.0) 2 (66.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Amikacin 2 (50) 3 (100) 0 (0.0) 0 (0.0) 1 (33.3) 0 (0.0) 0 (0.0)

Gentamicin 2 (50) 2 (66.7) 0 (0.0) 0 (0.0) 1 (33.3) 2 (50) 0 (0.0)

Tobramycin 2 (50) 3 (100) 0 (0.0) 0 (0.0) 1 (33.3) 2 (50) 0 (0.0)

Ciprofloxacin 3 (75) 3 (100) 1 (50) 0 (0.0) 2 (66.7) 0 (0.0) 0 (0.0)

Norfloxacin 3 (75) 3 (100) 1 (50) 0 (0.0) 2 (66.7) 1 (25) 0 (0.0)

Nitrofurantoin 2 (50) 2 (66.7) IR - - 4 (100) IR

Trimethoprim/sulfamethoxazole 1 (25) 2 (66.7) 1 (50) 3 (100) 3 (100) 4 (100) 0 (0.0)

Total number of isolates 4 3 2 3 3 4 3
IR: Intrinsic resistance. -: Not tested
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and cefuroxime (46.8%); however, the high resistance 
rate was found to be against cefuroxime axetil (49.4%), 
trimethoprim/sulfamethoxazole (49.4%), nitrofurantoin 
(50.6%), amoxicillin/clavulanic acid (66.2%), piperacillin 
(72.7%), and ampicillin (88.3%).

In contrast, the sensitivity pattern of antimicrobials for Gram-
positive organisms (n = 12) was linezolid (8.3%), teicoplanin 
(8.3%), vancomycin (8.3%), cefalotin screen (16.7%), moxifloxacin 
(25%), nitrofurantoin (33.3%), and levofloxacin (33.3%); however, 
the high resistance rate was found to be against erythromycin 
(50%), trimethoprim/sulfamethoxazole (50%), gentamicin (58.3%), 
tobramycin (58.3%), fosfomycin (58.3%), clindamycin (66.7%), 
oxacillin (75%), tetracycline (75%)m and benzylpenicillin (100%) 
resistance rate. Among our Gram-positive isolated organisms, there 
was no inducible clindamycin resistance (0.0%).

This research work will have an important impact in the treatment 
and management of patients with catheter-associated (CA)-
UTI, particularly those patients who are infected with MDR 
uropathogens. It should be noted that MDR is gradually increasing 
throughout the world and it is an alarming sign as with time we are 
losing our therapeutic options for treating simple infections caused 
by bacteria. Efforts should be done to make clinicians realize 
the fact that there is a high possibility of multidrug resistance. 
Second, the occurrence of MDR which we observed in this study 
is a serious threat in the management of patients with CA-UTI. It 
highlights the relevance of a more serious systematic approach to 
decrease the antibiotic resistance rates. In this particular era, when 
antibiotic resistance is growing with an alarming rate, more research 
work is highly needed on a priority basis for the development of 
rapid diagnostic test (point of care testing) for prompt targeted 
therapy. The execution of a drug monitoring system that augments 
drug administration and assists a more personalized methodology 
to recommended treatment is also needed.

Moreover, education programs should be conducted to reduce 
the prevalence of disease in the community as well as enlighten 
the quality of life for patients living in low- and middle-income 
regions. In the near future, we aim to implement and weigh the 
efficiency of such programming in improving health literacy 
as well as decreasing infection rates.

Conclusions

This research work has shown that patients who presented 
with UTI in Qassim are at high risk of antibiotic resistance. 
The research also has shown that MDR bacteria can lead to 
momentous therapeutic problems in OPD patients.
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