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Abstract
The presence of ESBLs and CRE in E. coli and Klebsiella pneumoniae poses a significant challenge in 
healthcare and community settings. These enzymes can confer resistance to multiple antibiotics, 
limiting treatment options for infections caused by these strains. This resistance complicates infection 
management, leading to prolonged illness, increased healthcare costs, and higher mortality. This cross-
sectional study, conducted from 2021 to 2022 at three hospitals in the northern border region of Saudi 
Arabia, involved collecting 541 samples from various wards and units. Samples were inoculated on 
blood-agar and MacConkey’s media, incubated overnight at 37°C, and analyzed for growth. Antibiotic 
susceptibility was tested using the “MicroScan WalkAway-96 SI-automated system. A total of 541 
positive cases were collected from three major cities in the northern border territory of Saudi Arabia. 
Observations show that E. coli (18.66%, n = 101) was the most prominent pathogen, compared to 
Klebsiella pneumoniae (9.9%, n = 54). Females were more prone to ESBL-producing E. coli infections, 
with 67% having a urinary tract infection, whereas male patients were more predisposed to respiratory 
K. pneumoniae infections (54% compared to females at 46%). Out of 155 samples, 49.01% were ESBL-
producing E. coli, and 20.38% were ESBL+CRE. Furthermore, 15.68% of K. pneumoniae were ESBL 
producers. E. coli showed resistance to 92% of ampicillin, 90% of oxacillin, 79% of ceftazidime, 76% of 
cefepime, 57% of aztreonam, and 53% of cephalothin, while amikacin (85%), imipenem, and meropenem 
were effective. Klebsiella pneumoniae showed 74% resistance to ampicillin, 67% to ceftazidime, 63% to 
co-trimoxazole, 57% to amoxicillin-clavulanate, and 42% to aztreonam. The sensitive antibiotics were 
imipenem (46%), aztreonam (42%), and amikacin (44%). The results are both intriguing and alarming. 
It is crucial to address the spread of ESBL and CRE-producing organisms.
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INTRODUCTION

 Multidrug resistance (MDR) refers to the 
ability of microorganisms to withstand multiple 
structurally and functionally distinct drugs, often 
due to the overexpression of efflux pumps and 
other resistance mechanisms.1 The emergence and 
spread of antibiotic resistance among pathogenic 
bacteria, particularly Escherichia coli and Klebsiella 
pneumoniae, pose a significant global challenge in 
healthcare settings. Notably, Extended-Spectrum 
Beta-Lactamase (ESBL) and Carbapenem-Resistant 
Enterobacteriaceae (CRE) production in these 
bacterial species have garnered substantial 
attention due to their impact on treatment efficacy 
and patient outcomes.2,3

 In urinary tract and respiratory tract 
infections, MDR occurs when pathogens develop 
resistance to multiple commonly used antibiotics, 
complicating therapy and increasing the risk of 
treatment failure and recurrence. ESBLs, enzymes 
capable of hydrolyzing a wide range of beta-lactam 
antibiotics including penicillin and cephalosporin, 
are increasingly prevalent among clinical isolates 
of E. coli and K. pneumoniae, conferring resistance 
and complicating infection management.4-6

 Conversely, CRE strains, characterized 
by their resistance to carbapenem antibiotics, 
represent a more alarming scenario. Klebsiella 
pneumoniae and, to a lesser extent, Escherichia 
coli, produce carbapenemases such as Klebsiella 
pneumoniae carbapenemases (KPC) and New 
Delhi metallo-beta-lactamase (NDM), leading 
to high-level resistance to this critical class of 
antibiotics.7 The presence of ESBL and CRE-
producing E. coli and K. pneumoniae significantly 
limits treatment options, resulting in prolonged 
illnesses, increased mortality rates, and elevated 
healthcare costs. Furthermore, these multidrug-
resistant strains present significant challenges to 
infection control practices in healthcare settings. 
The raises concerns about their potential threats, 
underscoring the urgent need to investigate new 
drugs that could be effective against multidrug-
resistant microorganisms.8-10

 The alarming increase in ESBL prevalence 
is being reported worldwide, including in Saudi 
Arabia, which has a large expatriate population 
from South Asia where antimicrobial resistance is 
common. The annual Hajj pilgrimage also poses 

a risk for infectious illness transmission, further 
contributing to the rising prevalence of drug-
resistant bacteria in the kingdom.11,12

 Current study aims to comprehensively 
analyze the epidemiology, clinical implications, 
and recent trends associated with ESBL and 
CRE production in Escherichia coli and Klebsiella 
pneumonia in Saudi Arabia, highlighting the urgent 
need for effective strategies to combat these 
resistant pathogens. Specifically, we investigated 
the prevalence of infections caused by CRE and 
ESBL-producing bacteria in the Northern Border 
region of Saudi Arabia.

METHODOLOGY

Study design
 This cross-sectional study was performed 
from 2021 to 2022 at the microbiology departments 
of three hospitals in the northern border region 
of Saudi Arabia: Prince Abdulaziz bin Musaed 
Hospital, Arar; Turaif General Hospital, Turaif; and 
Rafha Central Hospital, Rafha.

Sample collection
 Overall, 541 samples, including wound, 
blood, sputum, pus, urine, tracheal secretion, 
catheters, high vaginal discharge, breast discharge, 
femoral and tracheal tips, diabetic foot, ear swab, 
eye swab, mouth swab, bronchoalveolar lavage, 
and pleural fluid, were collected from patients at 
these three hospitals as part of routine patient 
care. The sample collection began in 2021 and 
lasted through the end of 2022. Data were 
gathered from eight medical and surgical wards, 
including the outpatient department, emergency 
room, intensive care unit, surgical intensive care 
unit, maternity and childcare, artificial kidney unit, 
female medical ward, male medical and surgical 
ward, and pediatric ward. The samples were then 
immediately sent to the laboratory for additional 
analysis.

Sample procedures
 For colony formation, samples were 
inoculated on blood-agar and MacConkey’s 
media and incubated overnight at 37°C. Brain 
heart infusion broth was used to inoculate blood 
samples. After incubation, a drop was inoculated 
on media and cultured for 7 days at 37°C. A 
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negative result indicates the absence of growth 
on the blood sample from the clinical specimens. 
The isolates were observed as pure colonies, 
and growth was evaluated for further testing. 
Mixed growing cultures were excluded during the 
observation of the media.

Laboratory analysis for antibiotic susceptibility
 For laboratory identification, the 
“MicroScan WalkAway-96 SI-automated system” 
was used. The Neg/BP/Combo 30-B1017-306E 
group panels were used for antimicrobial 
susceptibility testing. All operations were carried 
out as directed by the manufacturer.

Tests for ESBL confirmatory (Phenotypic 
Confirmatory Disc Diffusion Test PCDDT)
 PCDDT was used to confirm if the isolate 
was positive for ESBL or not. Ceftazidime (CAZ-30 
g), ceftazidime with clavulanic acid (CAC-30/10 g), 
cefotaxime (CTX-30 g), and cefotaxime-clavulanic 
acid (CTX/C-30/10 g) discs were distributed at a 
minimum distance of 24 mm on Mueller Hinton 

Agar (MHA) inoculated with isolates screened for 
ESBL production. The isolates were confirmed 
to be ESBL producers if the zone size increased 
by more than 5 mm when using ceftazidime/
clavulanic acid and cefotaxime-clavulanic acid 
compared to ceftazidime or cefotaxime alone.13

Confirmation test
 The CLSI breakpoints are used to interpret 
the MIC (minimum inhibitory concentration) 
obtained for aztreonam, cefotaxime, and 
ceftriaxone with or without clavulanic acid. The 
MIC data was used as a major indicator for ESBL 
formation in a confirmatory test addressed by the 
CLSI guideline.14

Statistical analysis
 Descriptive statistics were examined, and 
all the findings were represented as percentages 
and frequencies. Data were cross tabulated 
to express outcomes in relation to various age 
categories. SPSS version 20 was used to conduct 
the statistical analysis.

Figure 1. This pie chart illustrates the distribution of different types of microorganisms isolated from various clinical 
samples. Each slice represents a specific microorganism, showing the proportion of the total 566 isolates that each 
microorganism comprises represented as percentage
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RESULTS

Demographic studies and prevalence of pathogens 
in northern borders 
 Overall, 541 positive samples were 
collected from three major cities in the northern 
border region of Saudi Arabia. Most of the samples 
were from males (n = 305, 55%), with the highest 
age group being over 56 (n = 175, 28%). The 
collected samples included sputum (n = 168, 
30%), wound site (n = 142, 26%), and urine (n = 
76, 14%) cases. The prevalence of ESBL was found 
to be 0.76%, with E. coli accounting for 18.66% (n 
= 101) and Klebsiella pneumoniae for 9.9% (n = 
54) as shown in Table 1. Male patients were more 
predisposed to K. pneumoniae infection (54%) 
compared to females (46%), primarily in sputum 
samples from those suffering from respiratory 
infections.
 A variety of clinical samples were 
observed (Figure 1 and Table 1). Although 
different pathogens were isolated, the highest 
percentage of E. coli infection (19%) was observed, 
followed by other organisms: P. mirabilis (11%), P. 
aeruginosa (11%), and K. pneumoniae (10%), with 
the rest as shown in Figure 1. These included P. 
stuartii, S. aureus, S. marcescens, Actinobacteria, 
Gram-positive cocci, Gram-negative bacilli, 
Gram-negative cocci, Bacteroids, S. pyogenes, 
S. epidermidis, Beta-haemolytic Streptococcus, 
Alpha-haemolytic Streptococcus, and coagulase-
negative Staphylococcus.

Susceptibility profile E. coli
 Female patients were found to be more 
susceptible to E. coli infections, with 67% of cases 
among 101 samples, particularly suffering from 
urinary tract infections. The antibiotic susceptibility 
profile indicated that E. coli was resistant to the 
following drugs: 92% to ampicillin, 90% to oxacillin, 
79% to ceftazidime, 76% to cefepime, 57% to 
aztreonam, and 53% to cephalothin. The drugs to 
which E. coli was most susceptible were amikacin 
(85%), followed by imipenem and meropenem, 
both with 78% susceptibility, as depicted in Table 
2 and Figure 2.

Susceptibility profile of K. pneumoniae 
 In addition, Klebsiella pneumoniae 
exhibited varying degrees of resistance to 

Table 1.  Gender, age, type of sample, type of 
microorganisms isolated from different clinical samples 
(n = 566)

Variable Categories Frequency Percentage

Gender Male 305 55%
 Female 252 45%
 >1 42 7%
 1-5 35 6%
 6-15 41 7%
 16-25 58 10%
Age 26-35 45 8%
(years) 36-45 40 7%
 46-55 73 13%
 56-65 57 10%
 <56 175 28%
 Sputum 168 30%
 Blood 24 4%
 Urine 76 14%
 Wound 142 26%
 Pus 43 7%
 Tracheal 45 7%
 secretions
 Catheters 14 3%
Sample High 9 2%
vaginal Breast 9 1%
discharge discharge   
 Femoral & 3 0.5%
 tracheal tip
 Diabetic foot 3 0.5%
 Ear swab 6 1%
 Eye swab 6 1%
 Mouth swab 3 0.5%
 Bronchoalveolar 13 2%
 lavage
 Pleural fluid 2 0.5%
 E. coli 107 19%
 P. stuartii 6 1%
 K. pneumoniae 54 10%
Type of P. mirabilis 64 11%
isolate P. aeruginosa 67 11%
 S. aureus 36 6%
 S. marcescens 4 1%
 Actinobacteria 37 6%
 Gram-positive cocci 31 5%
 Gram-negative 45 8%
 bacilli
 Gram-negative cocci 7 1%
 Bacteroides 21 4%
 S. pyogenes 4 1%
 S. epidermidis 2 1%
 Beta-Haemolyticus 45 8%
 streptococcus
 Alpha-Haemolyticus 20 4%
 streptococcus
 Staphylococcus  17 3% 
 coagulase-negative
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Table 2. Susceptibility profile E. coli (n = 101)

Variable  Categories Frequency Percentage

Gender of  Male  34 34%
patient  Female  67 67%
Sample  pus 9 9%
  Wound  7 7%
  Urine  59 59%
  Blood  11 11%
  Bronchioalveolar  1 1%
  lavage
  Ear swab  2 2%
  High vaginal swab  4 4%
  Sputum  6 6%
  Catheters  2 2%
Susceptibility  Amikacin Resistant  7 7%
profile  Susceptible  85 85%
 Imipenem  Resistant   5 5%
  Susceptible  78 78%
 Ertapenem  Resistant  15 15%
  Susceptible  4 4%
 Meropenem  Resistant  10 10%
  Susceptible  78 78%
 Cefoxitin Resistant  14 14%
  Susceptible  49 49%
 Piperacillin-  Resistant  26 26%
 tazobactam Susceptible  62 62%
 Cephalothin  Resistant  53 53%
  Susceptible  0 0%
 Cefuroxime  Resistant  51 51%
  Susceptible  1 1%
 Ceftazidime Resistant  79 79%
  Susceptible  2 2%
 Ceftriaxone Resistant  37 37%
  Susceptible  1 1%
 Cefepime Resistant  76 76%
  Susceptible  2 2%
 Cephazolin   Resistant  4 4%
  Susceptible  0 0%
 Aztreonam Resistant  57 57%
  Susceptible  2 2%
 Ampicillin Resistant  92 92%
  Susceptible  6 6%
 Amoxicillin – Resistant  39 39%
 clavulanate Susceptible  32 32%
 Co-trimoxazole Resistant  70 70%
  Susceptible  30 30%
 Oxacillin  Resistant  90 90%
  Susceptible  1 1%
 Methicillin Resistant  9 9%
  Susceptible  1 1%
 Cefotaxime Resistant  48 48%
  Susceptible  0 0%
 Tobramycin Resistant  16 16%
  Susceptible  19 19%
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antibiotics according to its susceptibility profile. 
Ampicillin was found to be the most resistant 
medication (74%), followed by ceftazidime (67%), 
co-trimoxazole (63%), amoxicillin-clavulanate 
(57%), and aztreonam (42%). However, certain 
antibiotics showed sensitivity against K. 
pneumoniae, with imipenem (46%), aztreonam 
(42%), and amikacin (44%) being identified as 
effective options. Regarding Gram-negative 
cocci, the antibiotic susceptibility profile (n=7) 
revealed notable resistance to co-trimoxazole 
(57%), while amikacin demonstrated susceptibility 
(71%). Conversely, Gram-positive cocci exhibited 
resistance to cefoxitin (57%) and ampicillin (70%), 
with a susceptibility of 60% to imipenem, as 
depicted in Figure 3 and Table 3.

Multidrug resistance, ESBL and CRE producing E. 
coli and K. pneumoniae
 For the total isolates of E. coli and K. 
pneumoniae (n = 155), initial screening for ESBL 
production was performed using the Phenotypic 
Confirmatory Disc Diffusion Test (PCDDT). This test 
involves placing antibiotic disks, such as cefotaxime 
and ceftazidime, alone and in combination with a 
beta-lactamase inhibitor like clavulanic acid, on 
an agar plate inoculated with the bacteria. The 
presence of ESBLs is indicated by an enhanced 
zone of inhibition around the disc containing the 
inhibitor compared to those without it.15

 If the initial screening test is positive or 
equivocal, a confirmatory test is necessary. This 
often involves more specific methods like the 
E-test or broth microdilution method, following 

Figure 2. This bar graph illustrates the antimicrobial susceptibility of Escherichia coli isolates to various antibiotics. 
Each bar represents the percentage of isolates that are susceptible, or resistant to a specific antibiotic, providing 
a clear visualization of the effectiveness of each antimicrobial agent against E. coli

Figure 3. This bar graph illustrates the antimicrobial susceptibility of Klebsiella pneumoniae isolates to various 
antibiotics. Each bar represents the percentage of isolates that are susceptible, intermediate, or resistant to a specific 
antibiotic, providing a clear visualization of the effectiveness of each antimicrobial agent against K. pneumonia
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standardized protocols.16 These methods measure 
the minimum inhibitory concentrations (MICs) of 
certain antibiotics both with and without beta-
lactamase inhibitors to confirm ESBL production. 
CRE bacteria are a subset of Enterobacteriaceae 
that have acquired resistance to carbapenems, 
potent antibiotics often considered the last line 
of defense against multidrug-resistant bacterial 
infections. These bacteria produce enzymes known 
as carbapenemases, which can break down and 
render carbapenem antibiotics ineffective.17

 Interestingly, out of 155 samples, 49.01% 
were ESBL-producing E. coli, and 20.38% were 
ESBL+CRE E. coli. Furthermore, 15.68% were 
ESBL-producing K. pneumoniae, 5.88% were K. 
pneumoniae resistant to aminoglycosides, 1.96% 
were multidrug-resistant (MDR) K. pneumoniae, 
and 3.92% were ESBL+CRE K. pneumoniae (Figure 
4).

DISCUSSION

 The emergence of Extended-Spectrum 
Beta-Lactamase (ESBL) producing Escherichia coli 
(E. coli) represents a major global public health 
concern due to its increasing prevalence and the 
ensuing challenges within healthcare settings. 
ESBLs, enzymes that provide resistance to a wide 
range of beta-lactam antibiotics like penicillin and 
cephalosporin, render these drugs ineffective 
against ESBL-producing bacteria.18

 The prevalence of ESBL-producing E. coli 
in healthcare settings such as hospitals, clinics, 
and long-term care facilities, poses a significant 
threat, leading to prolonged hospital stays, 
increased healthcare costs, and higher mortality 
rates.19 Concurrently, the emergence of ESBL E. 
coli in community-acquired infections presents 
a challenge in outpatient management and 
contributes to the spread of antibiotic resistance 
beyond healthcare environments.18,19

 Prevalence rates of ESBL-producing  
E. coli vary across regions and settings, influenced 
by factors like geographic location, antimicrobial 
usage patterns, infection control practices, and 
population demographics.20 In our study, female 
candidates were more susceptible to UTI-related 
E. coli infection, with 18.66%, consistent with 
other studies.21 Beta-lactamases were found to 
be present in 49.01% of ESBL-producing E. coli 
and 15.68% in ESBL+ CRE, consistent with other 
studies.22 Understanding the epidemiology and 
prevalence trends of ESBL E. coli is crucial for 
developing effective strategies for infection 
control, antibiotic stewardship, and patient 
management.
 The results of the current study offer 
valuable insights into the prevalence and antibiotic 
susceptibility patterns of ESBL-producing E. coli and 
K. pneumoniae in the northern border territory of 
Saudi Arabia. The study, which collected 541 
positive cases from three major cities, highlights  

Figure 4. Bar graph depicts the prevalence of multidrug resistance (MDR), extended-spectrum beta-lactamase 
(ESBL) production, and carbapenem-resistant Enterobacteriaceae (CRE) among Escherichia coli and Klebsiella 
pneumoniae isolates. Each set of bars represents the percentage of isolates exhibiting MDR, ESBL production, and 
CRE production for both bacterial species
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Table 3. Susceptibility profile of K. pneumoniae (n = 54)

Variable   Categories  Frequency  Percentage

Gender of  Male  29 54%
patient  Female  25 46%
Sample  Blood  10 18%
  Bronchoalveolar  5 9%
  lavage
  Urine   10 18%
  Pus   5 9%
  Sputum     18 33%
  Tracheal secretions  3 5%
  Vaginal swab  2 4%
Susceptibility  Amikacin Resistant  16 30%
profile  Susceptible  24 44%
 Imipenem  Resistant  12 22%
  Susceptible  25 46%
 Ertapenem  Resistant  13 24%
  Susceptible  7 13%
 Cefoxitin Resistant  9 17%
  Susceptible  21 39%
 Piperacillin-  Resistant  26 48%
 tazobactam Susceptible  15 28%
 Cephalothin  Resistant  15 28%
  Susceptible  1 2%
 Cefuroxime  Resistant  19 35%
  Susceptible  1 2%
 Ceftazidime Resistant  36 67%
  Susceptible  1 2%
 Ceftriaxone Resistant  16 30%
  Susceptible  3 5%
 Aztreonam Resistant  23 42%
  Susceptible  2 4%
 Ampicillin Resistant  40 74%
  Susceptible  2 4%
 Amoxicillin – Resistant  31 57%
 clavulanate Susceptible  10 18%
 Co-trimoxazole Resistant  34 63%
  Susceptible  12 22%
 Cefotaxime Resistant  14 26%
  Susceptible  3 5%
 Tobramycin Resistant  7 13%
  Susceptible  6 11%

E. coli as the most prominent pathogen, accounting 
for 18.66% of cases, followed by Klebsiella 
pneumoniae at 9.9%.
 Gender-based analysis revealed intriguing 
trends in infection susceptibility. Females exhibited 
a higher susceptibility to ESBL-producing E. coli, 
with 67% experiencing urinary tract infections. 
Conversely, male patients showed a higher 
predisposition to respiratory infections caused by 

K. pneumoniae, with 54% of cases compared to 
46% in females. These gender-specific variations in 
infection sites may be attributed to anatomical and 
physiological differences, and further investigations 
could shed light on the underlying factors.23

 The study also assessed the prevalence of 
ESBL production among the collected samples. Out 
of 155 samples, ESBL-producing E. coli accounted 
for 49.01%, while ESBL+ CRE was present in 
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20.38% of cases. Among K. pneumoniae isolates, 
15.68% were found to produce ESBL. These 
findings underscore the significance of ESBLs in 
the studied region, emphasizing the need for 
continued surveillance and effective infection 
control measures.24

 Antibiotic susceptibility profiles revealed 
concerning levels of resistance among E. coli and 
K. pneumoniae isolates. ESBL-producing E. coli 
demonstrated high resistance rates to ampicillin 
(92%), oxacillin (90%), ceftazidime (79%), cefepime 
(76%), aztreonam (57%), and cephalothin (53%). 
However, some antibiotics, such as amikacin 
(85%), imipenem, and meropenem, remained 
effective against E. coli, indicating potential 
treatment options. Other studies have reported 
similar findings regarding the resistance profiles 
of ESBL-producing Escherichia coli and Klebsiella 
pneumoniae. One study found that ESBL-producing 
E. coli and K. pneumoniae showed high resistance 
rates to cefotaxime (100%) and significant 
resistance to other beta-lactam antibiotics.25 
Another analysis reported that the average 
resistance rates of ESBL-producing E. coli and K. 
pneumoniae to cefpodoxime, cefixime, cefazolin, 
and ceftriaxone were above 98%.26 High resistance 
to penicillin and beta-lactam was observed in 
ESBL-positive isolates, with reported resistance 
rates reaching 100% for certain antibiotics. These 
studies corroborate the observed high resistance 
rates to multiple antibiotics among ESBL-producing 
E. coli and K. pneumoniae isolates, emphasizing 
the continued effectiveness of antibiotics like 
amikacin, imipenem, and meropenem.27,28

 K. pneumoniae isolates, as indicated 
by their antibiotic susceptibility profiles, 
demonstrated significant resistance rates 
to ampicillin (74%), ceftazidime (67%), co-
trimoxazole (63%), amoxicillin-clavulanate (57%), 
and aztreonam (42%). Noteworthy, imipenem 
(46%), aztreonam (42%), and amikacin (44%) 
were identified as effective antibiotics against K. 
pneumoniae.
 Current  f indings  emphasize  the 
importance of careful antibiotic usage and the 
continual monitoring of resistance patterns.29 
The observed resistance to commonly prescribed 
antibiotics highlights the dire need for the 
development and implementation of robust 
antimicrobial stewardship programs and 

antimicrobial policies to promote better use of 
these drugs in the hospital setting coupled with 
infection control programs.30 Furthermore, the 
susceptibility profiles identified in this study can 
assist clinicians in choosing appropriate antibiotics 
for treating infections caused by ESBL-producing 
E. coli and K. pneumoniae in the Northern border 
region of Saudi Arabia. 

CONCLUSION

 In conclusion, the study in three major 
cities of Saudi Arabia’s northern border region 
focused on infections caused by E. coli and 
Klebsiella pneumoniae. E. coli emerged as the 
predominant pathogen, while K. pneumoniae also 
contributed to the overall cases. Gender-specific 
trends were observed, with females more prone 
to ESBL-producing E. coli infections associated 
with urinary tract infections, and males showing 
a higher predisposition to respiratory infections 
caused by K. pneumoniae. Antibiotic susceptibility 
profiles highlighted the significance of emerging 
resistant pathogens, particularly ESBL-producing 
E. coli. Therefore, New antimicrobials, rapid 
diagnostic and antimicrobial susceptibility testing 
should be included for future antimicrobial 
stewardship interventions.
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