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Abstract 

Purpose: The global trend in disease burden due to bacterial infections of urinary tract is on the rise, 
thus necessitating continual surveillance.  
Methods: One hundred and sixty-seven (167) bacterial isolates of urinary tract infections collected 
between 2014 and 2020 were explored. Their identification (IDs) confirmation, antimicrobial 
susceptibility test (AST) and extended-spectrum beta-lactamases (ESBLs) were determined using Vitek 
Compact 2 (BioMerieux, Marcy L’Etoile, France. Results were computed and analyzed using GraphPad 
Prism version 10.4.1 (627).  
Results: The pathogens were mainly Escherichia coli (52 %), Klebsiella pneumoniae (21.56 %) and 
Pseudomonas aeruginosa (10.77 %). Others include Proteus mirabilis (6 %), Enterobacter species 
(4.79 %), Providencia stuartii (2.39%) and Acinetobacter baumannii (2.39 %). Source of isolation was 
significantly (p < 0.0001) more from urine (82 %) than from catheter tip samples (18 %). Significantly 
more of the pathogens were multidrug-resistant (MDR; 59 %) than were susceptible strains (SS; 22.1 
%) or extensively drug-resistant (XDR; 18.5%), with results varying among bacterial species. While E. 
coli strains were sensitive to three antimicrobials (imipenem, tigecycline and colistin), K. pneumoniae 
was highly resistant to the tested antibiotics including colistin (55.56 %), but with a reduction in 
resistance to ticarcillin (15 %), meropenem (19.44 %), gentamicin (22.22 %), and aztreonam (44.44 %).  
Conclusion: The findings of this study show that E. coli, K. pneumoniae and P. aeruginosa continue to 
be troublesome UTI pathogens, progressing from MDR to XDR. Therefore, previously considered gold-
standard antibiotics used in treating UTIs might remain the choice drugs for much longer as seen from 
the results of this study. 
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INTRODUCTION 
 

Urinary tract infections (UTIs) are common 
amongst the immunocompetent as well as the 
immunocompromised. These infections are 
grouped as some of the most frequently 

encountered infections in clinical settings [1]. 

UTIs are prevalent across genders and age 
groups in communities and healthcare centers 
[2]. These infections have also been attributed to 
be more common among female patients than 
males because they are the gender group whose 
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urine specimens are most frequently collected in 
hospital microbiology laboratories [3,]. As a result 
of the aforementioned reasons, urinary tract 
infections remain a global public health burden. 
 
An estimated 404.6 million individuals are 
reported to have had UTIs globally in 2019, and 
death resulting from such infections is placed at 
236,786 in the same year [4]. The global disease 
burden was reported to be on the rise, differing 
across geographical regions [4]. In the USA, the 
prevalence of uncomplicated cases of UTIs is 8 – 
11 % [2]. Although it has been reported that there 
are no national estimates available for Saudi 
Arabia [2], some researchers place the 
prevalence in the range of 9.8 – 24 % [5]. 
Besides, the disease burden of UTIs is placed 
second to those of the respiratory tract [6]. There 
is also the yearly worldwide financial burden of 
$6 billion attributed to direct healthcare expenses 
[7]. Furthermore, the number of ‘ambulatory’ 
hospital visits was placed at $10.5 million in 2007 
in the USA, of which 0.9 % of the visits are to 
emergency departments [4]. Moreover, there is a 
significant impact of UTIs on health-related 
quality of life (QoL) comprising both economic 
and health burdens, while recurrent infections 
are accompanied by psychological problems 
associated with depression and anxiety 
symptoms [8]. 
 
Generally, UTIs are classified [1] to be a broad 
term that includes a wide variety of ‘infection 
syndrome’, of which the most common 
mechanism of infection acquisition is the 
colonization of the urethra or the periurethral 
space by bacterial pathogens. 
 
Bacteria of the Enterobacteriaceae family are the 
major causative agents of UTIs with 
uropathogenic Escherichia coli (UPEC) 
accounting for about 80 % of uncomplicated 
cases while those of community- and hospital-
acquired infections constitute 95 % of infections 
[9]. Other documented UTI bacterial pathogens 
include Acinetobacter baumannii, Klebsiella 
pneumoniae, Proteus mirabilis, and Group B 
Streptococcus amongst others [1]. While E. coli 
could be implicated in complicated and 
uncomplicated UTIs, species of Enterococcus, P. 
aeruginosa, and P. mirabilis cause complicated 
infections in hospitalized patients as well as in 
long-term stay care facilities [1]. Thus, the 
distribution of infection types differs with patients 
and comorbidity states. 
 
Saudi Arabia, like other regions of the world, 
remains burdened by UTIs and they reportedly 
account for about 10 % of all infections in the 
Kingdom, second only to admissions to the 

emergency department [10]. Concerning though 
is the re-admission of about 10 % of the patients 
previously discharged from the hospital as a 
result of UTI, suggesting ineffective treatment. 
 
Generally, broad-spectrum antibiotics are 
employed in the treatment of UTIs. However, the 
alarming rate of bacterial resistance to 
antimicrobials has also created difficult-to-treat 
strains associated with UTIs globally as well as 
here in the Kingdom of Saudi Arabia [10]. 
Besides, for the reason that there is an ever 
rapidly changing antimicrobial susceptibility by 
bacterial pathogens, there is a need for continual 
updates to track the emergence of bacteria 
strains in line with the recommendations for 
global and regional surveillance aimed at 
mitigating the spread of resistant strains. 
 
The suggested treatment of uropathogens 
associated with UTIs varies for symptomatic and 
asymptomatic bacteriuria [11]. Some antibiotics 
such as ertapenem, imipenem, co-trimoxazole, 
and nitrofurantoin remain in the front line of 
treatment choice. However, bacterial 
susceptibility patterns continue to change rapidly 
so too, leading to the evolution of varying 
bacterial phenotypes with different phenotypic 
resistance traits. 
 
For regional surveillance, this study seeks to 
examine the phenotypes of bacterial pathogens 
associated with UTIs in the Al-Ahsa subregion of 
Southeastern region of Saudi Arabia. The 
associated resistance factors are required to 
provide an insight into the antimicrobial 
susceptibility pattern of the isolates thereby 
providing a much-needed update to healthcare 
providers and professionals in the region. The 
information provided on resistance phenotypes 
could help in treatment modifications as well as 
in control measures aimed at mitigating the 
spread of resistant bacterial strains, in addition to 
bridging the knowledge gap for this region of 
investigation. 
 

EXPERIMENTAL 
 
Ethical consideration 
 
Protocol for the research was approved by the 
Research Ethics Committee at King Faisal 
University with approval no. KFU-REC-2024-
NOV-ETHICS2907. Subject to the provisions of 
the National Committee of Bioethics Saudi 
Arabia (kacst.gov.sa), subsection 11, the study is 
exempted from informed consent. Bacteria 
isolates stored in the microbank in the 
Microbiology Division of College of Medicine 
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were used for the investigation. Patients were not 
involved. 
 
Bacteria isolation and confirmation identity 
(ID) 
 
Samples were retrieved from the archives in the 
Microbank of the Microbiology laboratory at the 
College of Medicine, King Faisal University. They 
had been preserved with codes from 2014 – 
2020.  
 
The recovery of isolates was according to the 
recommended guidelines of the manufacturers,   
(https://www.pro-
labdirect.com/v/vspfiles/microbank/microbank-
wwp-portfolio.pdf). Each bacteria isolate was 
plated out on MacConkey or blood agar, and 
incubated at 37 °C for 24 h. The resultant 
overnight growth was sub-cultured to obtain pure 
colonies now used for the identification (IDs) of 
the isolates. Confirmation of IDs and 
antimicrobial susceptibility test (AST) of the 
isolates was conducted with Vitek Compact 2 
(BioMerieux, Marcy L’Etoile, France) using GP, 
GN, ID and AST cards according to 
manufacturer’s guidelines. Production of 
extended-spectrum beta-lactamases (ESBLs) 
was detected by a Vitek 2 Automated System 
and confirmed according to earlier recommended 
guidelines (CLSI) [12], on Muller–Hinton agar 
and incubated aerobically at 35 °C for 24 h. 
 
Confirmation of ESBLs production and 
molecular assay of ESBLs genotypes 
 
ESBLs were detected with Vitek 2 Automated 
System (BioMerieux, Marcy L’Etoile, France). 
Confirmation was by combined disc test (CDT) 
as recommended by CLSI [17]. Briefly, positive 
isolates were seeded together with 30 µg 
cefotaxime (CTX), and 30 µg ceftazidime (CAZ), 
combined with 10 µg clavulanic acid (CLA) on 
Muller Hinton agar. The setup was aerobically 
incubated overnight at 37 °C. Result 
interpretation centered on resistance to a single 
test against cefotaxime and ceftazidime 
individually and separately in combination with 
clavulanate as recommended by CLSI [13]. 
 
Qiagen DNA extraction kit was used for genomic 
DNA extraction according to the manufacturer’s 
guidelines. A final PCR product volume of 50 μL 
composed of master mixer (25 μL), primers (2 μL 
each), and genomic DNA template (100 ng) was 
constituted and used for DNA amplification. 
Applied Biosystems (AB) thermal Cycler (Foster 
City, California 94404, USA) was used to perform 
the cycling program which required 30 cycles of 
94 °C for 1 min, 62 °C for 45 s, and 72 °C for 1 

min. Amplification by PCR for SHV, TEM, and 
CTX genes was ascertained using the primers in 
Table 1 [14,15]. 
 
Table 1: Primer sequence of genes used 
 

Gene Sequence 

TEM-F AGATCAGTTGGGTGCACGAG 
TEM-R CAGTGCTGCAATGATACCG 
CTX-M-F ATGTGCAGYACCAGTAARGTKAT

GGC 
CTX-M-R TGGGTRAARTARGTSACCAGAAY

CAGCGG 
SHV-F GGGTTATTCTTATTTGTCGC 
SHV-R TTAGCGTTGCCAGTGCTC 

 
 The resultant PCR amplified products were 
stained using 0.5 µg/mL ethidium bromide, then 
resolved on 2 % agarose gel by gel 
electrophoresis, and DNA strands were analyzed 
by visualizing with an ultraviolet (UV) light 
illuminator and photo documentation system. The 
detailed method used is as previously described 
by Zaniani et al [17]. 
 
Antimicrobial susceptibility test and 
resistance profile groupings 
 
The isolates where tested against the following 
antibiotics: amoxicillin (Amox), ampicillin (Amp), 
amikacin (Amk), augmentin (Aug), aztreonam 
Atm), cephalotin (Ch), cefuroxime (Cfx), 
ceftriaxone (Cro), cefotaxime (Cft), cefazolin 
(Cfz), ceftazidime (Caz), cefepime (Pime), 
cefoxitin (Ctt), ceftizoxime (Ctx), cefixime (Cef), 
cefodox (Cpd), imipenem (Imp), meropenem 
(Mer), gentamicin (Gm), ciprofloxacin (Cip), 
colistin (Cs), tigecycline (Tig), levofloxacin 
(Levo), trimethoprim/sulfamethoxazole (Sxt), 
piperacillin/tazobactam (Ptz), ticarcillin/clavulanic 
acid (TICA), nitrofurantoin (Nit), nalidic acid (Na), 
norfloxacin (Nxn), tetracycline (Te), tobramycin 
(Tob), doxycycline hydrochloride (Doxycycline 
HCl). The minimum inhibitory concentration 
values for the tested antibiotics were provided by 
Vitek Compact 2 (BioMerieux, Marcy L’Etoile, 
France). The pathogens were then classified as 
either susceptible strains (SS), multidrug-
resistant if isolates were resistant (MDR) to at 
least one agent in three or more classes of 
antibiotics, including cephalosporins, 
carbapenems, aminoglycosides, 
fluoroquinolones, piperacillin-tazobactam, 
ampicillin-sulbactam as defined by the Centers 
for Disease Control and Prevention (CDC) [18]. 
Also, other pathogens were classified as 
extensive drug-resistant (XDR) defined as non-
susceptibility by any of the isolates to a minimum 
of one agent in all but two or fewer classes of 
antibiotics. 
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Statistical analysis 
 
Data was collected on Microsoft Excel sheet and 
used for the analysis of antimicrobial assay 
results and presented as percentages (%). 
GraphPad Prism version 10.4.1 (627) was used 
to compare periodic data of mean ± SEM 
percentage resistant/sensitive of the bacterial 
pathogens against the tested antibiotics. Two-
way ANOVA and Tukey’s multiple comparison 
were used to compare the difference in 
susceptibility between E. coli and K. pneumoniae 
isolates with significance taken at p < 0.05. To 
compare data for other isolates (P. aeruginosa, 
A. baumannii, P. mirabilis and other pathogens), 
ordinary one-way ANOVA was used to compare 
the percentage (%) mean ± SEM, i.e., 
percentage resistant/sensitive, and significance 
taken at p < 0.05. In addition to these, MedCalc 
Software Ltd’s Comparison of proportions 
calculator 
(https://www.medcalc.org/calc/comparison_of_pr
oportions.php; version 23.1.5; accessed January 
25, 2025) was used to compare significance 
between percentages, and significance taken at 
p < 0.05. 
 

RESULTS 
 
Bacterial isolates and source of samples  
 
The isolates included in this investigation were 
Escherichia coli (52 %), Klebsiella pneumoniae 
(21.56%), Pseudomonas aeruginosa (10.77 %), 
Proteus mirabilis (6 %), Enterobacter species 
(4.79 %), Providencia stuartii (2.39 %) and 
Acinetobacter baumannii (2.39 %) as shown in 
Table 2. More significantly (p < 0.0001) isolated 
from urine (82 %) than catheter tips samples (18 
%) were E. coli and K. pneumoniae isolates. 
Also, E. coli isolates were significantly more (p < 
0.05) than those of K. pneumoniae and other 
bacteria pathogens. All of A. baumannii were 
from catheter tips while the remaining bacteria 
pathogens (Proteus mirabilis, Providencia 
stuartii, Pseudomonas aeruginosa, and species 
of Enterobacter), were from urine samples (Table 
2). The origin of the samples was more from 
outpatient department (OPD; 35.32 %), followed 
by those from intensive care unit (ICU) and 
hospital wards (26.9 % each). The least (10.78 
%) number of samples were those from the 
emergency room (ER). Additionally, Klebsiella 
pneumoniae isolates were significantly (p < 0.05) 
associated more with ICU (41.67 %) infections 
followed by those from the wards for this 
bacterial pathogen while E. coli isolates were 
more from OPD samples. 
 

General antimicrobial profile of the urine 
pathogens 
 
The results of the minimum inhibitory 
concentrations (MICs) of tested antimicrobials 
varied as shown in Table 3 a and b. The 
pathogens consisted significantly more of MDR 
(59.8 %) bacterial strains, than those that were 
either SS (22.1 %) or XDR (18.5 %; Table 4). 
 
The results of susceptibility to the tested drugs 
are displayed in Figure 1. Overall percentage 
resistance against the penicillins (100 – 97.7 %) 
and cephalosporins (100 – 86.3 %) was high. For 
the quinolones, resistance ranged from 100 % for 
nalidixic acid to 79.6 and 75.57 % respectively 
for ciprofloxacin and levofloxacin, respectively 
(Figure 1). Also high were the overall resistance 
against meropenem (88.0 %), 
trimethoprim/sulfamethoxazole (Sxt; 80.8 %), 
norfloxacin (86.2 %), aztreonam (83.8 %) and 
augmentin (76.6 %). Between the 
aminoglycosides, the isolates were less 
susceptible to tobramycin (74 %) compared to 
amikacin (36.9 %) and gentamicin (44.63 %). 
There was generally a high sensitivity to 
imipenem (85.25 %) and colistin (82.35 %), while 
more than half of the isolates were sensitive to 
tigecycline (69.6 %), amikacin (63.1 %), and 
gentamicin (55.57 %), as shown in Figure 1. 
 
Antimicrobial resistance of bacterial species  
 
As per species type, susceptibility varied 
amongst the bacterial pathogens as displayed in 
Figure 2 A - F. Strains of E. coli were all sensitive 
to three of the tested antimicrobials (imipenem, 
tigecycline and colistin), while resistance was low 
for meropenem (1.3 %), nitrofurantoin (22.8 %), 
chloramphenicol (26.7 %) and tazocin (30 %). 
However, beyond than half of the isolates (52 %) 
were resistant to gentamicin as well as 
resistance ranging between 60 % for tetracycline 
to 100 % (piperacillin; Figure 2 A). Also, 
displayed is the antimicrobial susceptibility 
pattern for K. pneumoniae isolates (Figure 2 B). 
 
For this pathogen, a high resistance is seen 
against most of the tested drugs inclusive of 
colistin (55.56 %). They were, however, less 
resistant to ticarcillin (15 %), meropenem (19.44 
%), gentamicin (22.22 %), and aztreonam (44.44 
%). Isolates of Enterobacter species (Figure 2 C) 
were sensitive to Amikacin and Tigecycline with 
a 33.33 % resistance to each for the tested 
carbapenems (imipenem and meropenem).  
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Table 2: Bacterial UTIs pathogens, sample source of isolation and their origin 
 

Bacteria pathogen 
N (%) 

Sample source Location 

Urine Catheter tips OPD ER ICU Wards 

N % N % N % N % N (%) N (%) 

Klebsiella pneumoniae 36 (21.56) 22 61.11† 14 38.89* 9 25 2 5.56 15 41.67‡ 10 27.78 
Escherichia coli 87 (52.1)  72 82.76# 15 17.24 46 52.9 10 11.5 3 3.45 28 32.18 
Acinetobacter baumannii 4 (2.39) 0 0 4 100 0 0 0 0 4 100 0 0 
Providencia stuartii 4 (2.39) 4 100 0 0 0 0 0 0 3 75 1 25 
Pseudomonas aeruginosa 18 (10.77)  18 100 0 0 0 0 2 11.1 12 66.7 4 22.2 
Proteus mirabilis 10 (6.0) 10 100 0 0 0 0 0 0 8 80 2 20 
Enterobacter species 8 (4.79) 8 100 0 0 4 50 4 50 0 0 0 0 
Total N 167 134  33  59  18  45  45  

Percentage (%) (100) (82)¶  (18)  (35.32)  (10.78)  (26.9)  (26.9)  
N = Number; % = percentage; OPD = Outpatient Department; ICU = Intensive Care Unit; ER = Emergency Room; * Comparison between % of catheter tips source of E. coli 
and K. pneumoniae, percentage differences are significant p = 0.0091. † Significant difference between urine and catheter tips for K. pneumoniae (p < 0.00017). # Significant 
difference between Urine and catheter tips sample for E. coli (p < 0.0001). ‡ represents significant difference between samples from ICU and hospital wards (p = 0.0396). ¶ 
Significant difference between urine and catheter tips samples used for the investigation (p < 0.0001) 
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Table 3a: Minimum inhibitory concentrations of tested antibiotics 
 

Isolate AMK LEVO AMP TICA AUG CFX CAZ CTX PIME IMP 

A. baumannii  8 32 128 32 Nt 64 Nt 64 8, 16 

E. coli 2, 4, 64 Nt 16, 32 Nt 4, 8, 16, 32 4, 8, 16, 32, 64 1, 4, 64 1, 4 1, 4, 64 0.25, 1 
K. pneumoniae 2, 64 Nt 32 Nt 2, 16, 32 4, 64 1, 2, 8, 64 1, 64 1, 64 0.25, 2, 16 
P. aeruginosa 2, 4, 16 0.25, 1, 2, 4 Nt 128 Nt Nt 16, 32, 64  8, 16, 64 2, 16 
E. aerogenes 2 Nt 16 Nt 32 64 8 64 1 2 
Enterobacter species 2 Nt 16 Nt 16 64 64 64 64 2 
P. mirabilis 2 Nt 32 Nt 2, 8 4 1 1 1 2, 8 
Providencia stuartii 2 Nt 32 Nt Nt 4 1 1 1 1, 2 
 
 
Table 3b: Minimum inhibitory concentrations of tested antibiotics (contd) 
 

Isolate MER GM CIP TIG PTZ SXT NIT ATM TOB 

A. baumannii 16 16 4 4 Nt 320 Nt Nt 16 
E. coli 0.25, 16 1, 4, 16 0.025, 0.5, 4 0.025, 0.5 4, 8, 64, 128 20, 320 16, 32, 64, 256 Nt Nt 
K. pneumoniae 0.25, 4, 16 1, 16 0.25, 4 0.5, 1 4, 128 20, 320 32, 64, 128, 256 Nt Nt 
P. aeruginosa 1, 8, 16 1, 2, 4 0.25, 1, 4 8 Nt Nt Nt 16, 64 1, 16 
E. aerogenes 0.5 1 0.25 0.5 128 20 128 Nt Nt 
Enterobacter species 0.25 2 8 0.12 128 Nt 32 Nt Nt 
P. mirabilis 0.25 1, 8, 16 2, 4 4 4 320 128 Nt Nt 
Providencia stuartii 0.25 4 4 8 4 320 256 Nt Nt 
 
Minimum inhibitory concentrations of the tested antibiotics; amikacin = AMK; levofloxacin= LEVO; ampicillin=AMP; augmentin = AUG; cefoxitin=CFX; ceftazidime= CAZ; 
ceftriaxone= CTX; cefepime=PIME; imipenem=IMP; meropenem=MER; gentamicin=GM; ciprofloxacin= CIP; tigecycline=TIG; piperacillin/tazobactam = PTZ; 
trimethoprim/sulfamethoxazole = SXT; nitrofurantoin=NIT; ticarcillin/clavulanic acid = TICA; aztreonam = ATM; tobramycin= TOB; not tested = NT. A. baumannii = 
Acinetobacter baumannii, E. Coli = Escherichia coli, K. pneumoniae = Klebsiella pneumoniae, P. aeruginosa = Pseudomonas aeruginosa, E. aerogenes = Enterobacter 
aerogenes, P. mirabilis = Proteus mirabilis, P. stuartii = Providencia stuartii 
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Table 4: Dissemination of antimicrobial resistance pattern of UTI bacterial pathogens 
  

Bacteria strain All N (%) SS N (%) MDR N (%) XDR N (%) 

K. pneumonia 36 (100) 4 (11.1) 20 (55.5) 12 (33.3) 
E. coli 87 (100) 25 (28.7) 52 (59.8) 10 (11.5) 
A. baumannii 4 (100) 0 (0) 0 (0) 4 (100) 
P. stuartii 4 (100) 0 (0) 4 (100) 0 (0) 
P. aeruginosa 18 (100) 4 (22.2) 10 (55.5) 5 (27.7) 
P. mirabilis 10 (100) 0 (0) 10 (100) 0 (0) 
Enterobacter species 8 (100) 4 (50) 4 (50) 0 (0) 
Total 167 (100) 37 (22.1) 100 (59.8)* 31 (18.5) 

*Significant difference between MDR, XDR and SS (p < 0.0001). SS = susceptible strain, MDR = multi-drug 
resistant, XDR = extensive drug-resistant. Percentages for bacterial strains were calculated as per total for each 
type of isolate in the row. While column percentages were as per their total. MDR was significantly more in 
number than SS and XDR isolates (p < 0.0001) 
 

 
 

 
 
Figure 1: Distribution (%) of susceptibility of the UTIs pathogens to assessed antimicrobials. Note: Complete 
percentage resistance and sensitivity by the UTI pathogens against tested antibiotics and the antimicrobial 
groups
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Figure 2: Distribution of antimicrobial resistance by UTI bacteria species to the tested antibiotics. A-B: 
Demonstrated here are E. coli (A) and K. pneumoniae (B) UTIs pathogens with their percentage resistance to the 
tested antibiotics. Pip/Taz = Piperacillin/Tazobactam, SXT = trimethoprim/sulfamethoxazole. C-D: Presentations 
of species of Enterobacter (C) and P. aeruginosa pathogens of UTIs and their percentage resistance to the 
tested antibiotics. Doxycycline HCl = Doxycycline Hydrochloride. E-F: Exhibition of the percentage resistance by 
species of A. baumannii (E) and Proteus mirabilis (F) pathogens of UTIs and their percentage resistance to the 
tested antibiotics 
 
 

When compared to the aforementioned UTI 
bacterial pathogens, P. aeruginosa was more 
resistant to imipenem (50 %) and meropenem 
(57.14 %) while displaying a low resistance to 
amikacin (28.6 %), levofloxacin (22.22 %) and 
piperacillin/tazobactam (Ptz; 37.5 %) and the 
results are presented in Figure 2 D. 
 
Between the UTI bacterial pathogens 
investigated, the highest resistance profile were 
those displayed by A. baumannii isolates that 
showed 100 % resistance to the tested 

antibiotics with the exception of imipenem (50 %) 
and meropenem (70 %; Figure 2 E). Proteus 
mirabilis isolates were sensitive to eight (Amk, 
Mer, Pime, Caz, Ctt, Cro, Ch, and Pip/Taz) of the 
seventeen tested antibiotics (Figure 2 F). 
 
Antimicrobial resistance by year of isolation  
 
Results on susceptibility by year of isolation were 
determined and presented as mean ± SEM of 
percentages resistance and sensitivity and 
displayed in Figure 3 A - F.  
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Figure 3 A-F: Presentation of the distribution of susceptibility pattern by year of isolation of UTIs pathogens. A-B: 
Mean ± SEM for resistance (A) and sensitivity (B) against the tested antibiotics by E. coli and K. pneumoniae 
bacterial UTIs pathogens for the period between 2014 and 2020. ****P < 0.00001, ***p < 0.0005 and *p < 0.05. 
C-D:  Illustrations of mean ± SEM for resistance (C) and Sensitivity (D) exhibited by P. aeruginosa UTIs 
pathogens for 2013, 2014, 2017 and 2019. Differences in susceptibility for this pathogen based on the year of 
isolation were not significant. E-F: Illustrations of Mean ± SEM for resistance (E) and Sensitivity (F) exhibited by 
other UTIs pathogens (Enterobacter species, Proteus mirabilis and A. baumannii); **p < 0.005 
 

Antimicrobial assay showed no specific pattern in 
regard to period of isolation. The figure shows E. 
coli isolates of 2017-2018 were significantly (P < 
0.0001) the least resistant to the test antibiotics 
as compared with those collected before or after 
that period (Figure 3 A - B). 
 
These differences in resistance are also reflected 
in the profile of sensitive strain period of isolation. 
A high resistance is displayed by K. pneumoniae 

isolates collected over the same period, highest 
for those of 2014 - 2016. Though percentage 
resistance reduced between the years 2017 – 
2018, and remained slightly lower through 2019 - 
2020, differences were not significant (p < 0.75, 
p < 0.72 and p < 0.99, respectively), as shown in 
Figure 3 A - B. Significant differences in 
resistance for E. coli and K. pneumoniae for the 
years of 2014 - 2016, 2017 - 2018 and 2019 - 
2020 (p < 0.0001). Also, comparison of mean ± 
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SEM of percentages sensitivity for E. coli and K. 
pneumoniae showed significant differences 
between periods of isolation with p-values of 
0.01, 0.016 and 0.036, respectively. For P. 
aeruginosa isolates, mean ± SEM of percentages 
resistance for the isolate was highest in 2017 
(83.3 %) as compared to previously collected 
isolates or those of the latter years. Differences 
as regards the year of isolation were not found to 
be significant (p >0.05). Results did not follow 
any specific pattern of displayed resistance 
against antimicrobials (Figure 3 C - D). However, 
for other isolates such as A. baumannii, P. 
mirabilis and Enterobacter species (Figure 3 E - 
F), results of mean ± SEM of percentages 
resistance showed those of A. baumannii to be 
significantly higher (p < 0.002).  
 
ESBL-associated genotypes in association 
with antimicrobial resistance profiles 
 
Of the 87 (100 %) E. coli isolates, 80 (92 %) of 
them were ESBL producers while 32 (88.89 %) 
of the K. pneumoniae isolates were ESBLs with 
non-significant difference (p-value 0.99) in the 
percentages between both species of the 
bacterial pathogens. Also, a non-significant 
difference is seen with results of the CDT test 
(Table 5) which confirmed that 80.56 % of K. 
pneumoniae were positive for each of CTX/CLA 
and CAZ/CLA while for E. coli, 81.6 % were 
positive CTX/CLA and 80.46 % CAZ/CLA (Table 
5). The results presented in Figure 4 A show the 
heatmap of E. coli isolates with different ESBL 
gene (CTX, TEM and SHV) carriage. Nine (9) of 
the isolates inhabited all the 3 ESBL genes with 
varying unrated percentage resistance profiles. 
Most of the isolates lacked the TEM and SHV 
genes but these characteristics did not correlate 
with the resistance outlook. The finding therefore 
indicates that there is no correlation between 

ESBL gene carriage and resistance profile. Also, 
sources of isolation did not show any differences 
between the numbers of ESBL gene carriage 
and resistance profile. Overall, the results 
showed a high resistance profile irrespective of 
whether the isolates had a full carriage of ESBL 
genes present or not. The Heatmap in Figure 4 B 
shows the distribution of the ESBL genes (CTX, 
TEM and SHV) carriage by the Klebsiella 
pneumoniae isolates and the sample sources. 
These isolates displayed different resistance 
profiles. Thirteen (13) isolates were found to 
possess all the ESBL genes with only Kp. 9, 196, 
228 and 232 isolates exhibiting similar resistance 
profiles. The rest of the 9 isolates showed 
different resistance profiles that appeared to be 
lower than 80 %. Therefore, the presence of 
ESBL carriage by the isolates did not confer a 
higher or similar resistance profile. Thus, there is 
no correlation between ESBL gene carriage and 
resistance (%) in the present study. Additionally, 
the source of sample isolation did not have any 
correlation with either resistance profile or ESBL 
gene carriage. However, resistance remained 
high among the various isolates. 
 

DISCUSSION 
 
The UTI pathogens listed in this report are those 
that have commonly been associated with such 
infections [19,20]. The number of isolates here is, 
however, commensurate with what was available 
at -80°C microbank in the Microbiology Division 
of College of Medicine of our institution, with E. 
coli, K. pneumoniae and P. aeruginosa being the 
highest in number. Nonetheless, they are also 
the most common pathogens associated with 
complicated and uncomplicated UTIs reported in 
other studies in Saudi Arabia. 

 
Table 5: Attributes of combined disc test 
 

Bacterial 
pathogens  

Number 
tested 

Extended-spectrum beta-lactamases (ESBL) 
Characteristics combined disc test (CDT) 

Number positive 
(%) 

CTX/CLA 
N (%) 

CAZ/CLA 
N (%) 

Negative for 
CTX/CAZ/CLA (N (%)) 

Escherichia 
coli 

 
87 

 
80 (92) 

 
71 (81.6) 

 
70 (80.46) 

 
9 (10.34) 

Klebsiella 
pneumoniae 

 
36 

 
32 (88.89) 

 
29 (80.56) 

 
29 (80.56) 

 
3 (8.33) 

Number of isolates tested and those positive are as provided by Vitek Compact 2 (BioMerieux, Marcy L’Etoile, 
France). CTX = cefotaxime; CAZ = ceftazidime; CLA = clavulanic acid; N = number; % = percent 
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Figure 4 A: Heatmap showing Escherichia coli (A) isolates from various sources with ESBL gene carriage and 
resistance profile. Key: CTX = cefotaxime; CAZ = ceftazidime; CLA = clavulanic acid; CTX = C-terminal 
telopeptide; TEM = Temoniera; SHV = sulfhydryl variable; ICU = Intensive care unit; OPD = Out-patient 
department; ER = Emergency room; H.Ward = hospital ward 
 

Thus, the numbers could simply be due to their 
association with UTI infections in the region of 
study. Also, the other listed UTIs pathogens 
(Enterobacter species, Proteus mirabilis, 
Providencia stuartii and Acinetobacter 
baumannii), align with reports that associated 
them with complicated, catheter-associated or 
recurrent cases of UTIs [19]. The A. baumannii 
isolates included in this study are catheter-
associated UTIs, found among ICU patients 
suggesting the possibility of comorbid conditions. 
Generally, species of Acinetobacter are 
ubiquitous in nature with an enormous capability 
of colonizing to cause nosocomial infections in 

immunocompromised patients, particularly those 
with urinary catheters [21]. That they were from 
immunocompromised patients further highlights 
this bacterium as an opportunistic pathogen. 
Again, the isolates were extensively resistant to 
tested drugs with low sensitivity to the 
carbapenems, pointing to narrowing therapeutic 
options with differing recommendations for 
therapeutic regimens for XDR A. baumannii of 
which colistin is one of such [22]. Those in this 
investigation were resistant to colistin; thus, while 
therapeutic options are limited, they will differ 
across regions based on resistance assay. 
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Figure 4 B: Heatmap showing Klebsiella pneumoniae (B) isolates from different sources with ESBL gene 
carriage and resistance profile. Key: CTX = cefotaxime; CAZ = ceftazidime; CLA = clavulanic acid; CTX = C-
terminal telopeptide; TEM = Temoniera; SHV = sulfhydryl variable; ICU = Intensive care unit; OPD = Out-patient 
department; ER = Emergency room; H.Ward = hospital ward 
 

In terms of the origin of the samples, most of 
them were from OPD, ICU and hospital wards. 
Generally, reports on UTIs distribution in 
healthcare settings differ, with some reporting 
higher prevalence from ER departments [10]. 
Again, the fact that the majority of the E. coli 
isolates were from OPD, may point to the 
possibility of uncomplicated cases of UTIs might 
not be consistent with other reports. However, 
the results which showed an overall significantly 
high drug resistance are consistent with those 
reporting a global rise of difficult-to-treat bacterial 
infections [23]. Of particular note was the high 
proportion of ESBL-producing E. coli and K. 
pneumoniae among the pathogens in this report. 
Principally, the ESBLs, K. pneumoniae and E. 

coli have been on the increase globally since 
2000, particularly with regard to their resistance 
to the drug of choice [23]. 
 
The penicillins (ampicillin and amoxicillin) are 
shown in this report, not to be suitable 
therapeutic choices, findings that are in accord 
with those of earlier reports [24], thus suggesting 
the possibility of the circulating strains in the 
Southeastern region of Saudi Arabia. However, 
there are contrary reports from other regions of 
the world that indicate lower resistance against 
the penicillins, thereby suggesting the probability 
of geographical differences. Furthermore, the 
level of high resistance to the fluoroquinolones 
(norfloxacin, nalidic acid, ciprofloxacin, and 



Badger-Emeka & Emeka 

Trop J Pharm Res, April 2025; 24(4): 699 

 

levofloxacin) seen in this report though higher 
than those of previous reports, are in harmony 
with earlier reports [24] from Saudi Arabia and 
other regions of the world. The fact that a similar 
pattern of resistance is seen with the 
cephalosporin group of antibiotics is a 
confirmation that they are unsuitable for the 
management of UTI bacteria strains in Al-Ahsa 
region of Southeastern region of Saudi Arabia. 
as had previously been suggested [24]. Among 
the carbapenems, only E. coli could still be 
treated with either imipenem or meropenem as 
they were highly susceptible to them. 
 
Largely, the E. coli pathogens in this research 
responded well to imipenem with an overall 
resistance of 14.75 % as against meropenem (88 
%). Carbapenems were once the gold standard 
in the management of UTIs, the need to conduct 
regular surveillance of the trends of antimicrobial 
susceptibility by UTI pathogens. Nevertheless, 
the findings reported here differ from those of a 
recent one [24] in which the carbapenems group 
was considered the choice of antibiotics. Thus, 
reports vary on the suitability of carbapenems in 
the management of UTIs although there has 
been a global rise in the resistance of bacterial 
pathogens to β-lactams, especially the 
carbapenems. 
 
It is obvious that the isolates used in this 
investigation were sensitive only to colistin 
(except A. baumannii), tigecycline and imipenem 
but with differences amongst the pathogens, 
again highlighting limited choice of available 
antibiotics in the management of resistant 
bacterial pathogens. While the search for new 
antibiotics continues and the problem of 
antimicrobial resistance is not abating, the need 
for global surveillance cannot be over-
emphasized. 
 

CONCLUSION  
 
The findings of this study show that E. coli, K. 
pneumoniae and P. aeruginosa are the top three 
bacterial pathogens associated with urinary tract 
infections over the period of 2014 - 2020 in Al-
Ahsa, Saudi Arabia. High percentage of ESBL-
producers are E. coli and K. pneumoniae while 
resistance to the tested antibiotics indicates that 
most of the pathogens are MDR. Although the 
majority of the E. coli pathogens coming from 
OPD are suggestive of uncomplicated UTIs, 
those of other pathogens (Enterobacter species, 
Proteus mirabilis, Providencia stuartii) are likely 
complicated UTIs. The presence of A. baumannii 
UTIs further highlights the opportunistic 
characteristics associated with catheterized 
patients. The carbapenems and nitrofurantoin, 

usually considered drugs of choice in the 
management of UTIs might not retain this status 
for too long due to the high resistance seen 
among the pathogens used in this research. 
Based on the foregoing, therefore, regional 
surveillance of these frequently encountered 
pathogens should be considered imperative. The 
surveillance should identify areas of increased 
infection within the regions of study, and hence 
frequently updating healthcare facilities 
’antibiogram as a guided treatment protocol. This 
is to forestall the increasing pathogen resistance 
and optimize the use of appropriate antibiotics. 
Continuous sharing of antibiogram data within 
the region of this study should be promoted. 
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