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Abstract 
Antimicrobial resistance (AMR) is a substantial threat in Saudi Arabia. We focus on Methicillin-
Resistant S. aureus (MRSA), carbapenem-resistant strains, Extended-Spectrum Beta-Lactamases 
(ESBL) producers, and colistin-resistance. We analyzed 559 samples (blood, urine, wound 
specimens). ESBLs were the most prevalent (55%), followed by MRSA (22%), combined ESBL and 
CRE resistance (18%). The ESBL phenotype had a colistin resistance of 71.3%, while ESBL and 
CRE phenotypes had 22.9%, and CRE had 5.8%. The age group 50+ had 58.7% resistance 
phenotypes. Urine samples had 49% prevalence of resistant phenotypes, while the highest rate 
according to ward location was at the OPD (55.8%). 
The study highlights critical trends of AMR, emphasizing the urgency to antibiotic regulations, 
professional development for healthcare professionals, and local studies on AMR for targeted 
intervention. 
Keywords: multidrug-resistant bacteria, extensively drug-resistant bacteria, 
Enterobacteriaceae, antibiotics, pathogen. 

 

Background 
Antibiotic resistance stands as a critical global health issue, leading to increased morbidity, 

mortality, and healthcare costs. The distribution of antibiotic-resistant pathogens varies across 

different hospitals, wards, and over time (Hsueh et al., 2002). Excessive antibiotic use drives the 

emergence of antimicrobial resistance, emphasizing the need for rational antibiotic utilization to 

curb its spread (Prestinaci et al., 2015). As more strains become resistant, our ability to combat 

life-threatening infections diminishes. This phenomenon results from widespread antimicrobial 

use in humans, animals, and agriculture (Al-Yousef, 2016; Šámal et al., 2022). Patients’ overuse 

of antibiotics—whether self-administered or within hospitals—plays a pivotal role in the 

emergence of resistant strains. Consequently, antimicrobial agents become less effective, 

prolonging infection duration (Edem et al., 2021). 
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Antibiotic resistance manifests in various categories, including Multidrug-Resistant (MDR), 

Extensively Drug-Resistant (XDR), and Pandrug-Resistant (PDR) strains. Magiorakos et al. 

(2012) defined MDR as resistance to at least one agent in three or more antibiotic classes, XDR as 

resistance to all but two or fewer classes (with susceptibility in only one or two classes), and PDR 

as resistance to all agents tested (Magiorakos et al., 2012). Notable examples include methicillin-

resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), and extended-

spectrum beta-lactamases (ESBLs) (Etok et al., 2012; Edem et al., 2013). Additionally, 

carbapenem-resistant Enterobacteriaceae (CRE) and colistin-resistant strains have emerged 

(Akereuke et al., 2023; Devi et al., 2024). 

In Saudi Arabia, the prevalence of resistant bacterial strains is alarming. Escherichia coli, 

Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Staphylococcus 

aureus are among the reported culprits (Torumkuney et al., 2022). Escalating numbers of these 

resistant microbes pose a serious threat to global public health in the 21st century (Egwuatu et al., 

2021). However, there is no report on antimicrobial resistance neither their respective resistance 

phenotypes in Najran, Saudi Arabia. Therefore, this study, the first of its kind, examines and 

characterizes antimicrobial resistance among clinical isolates, specifically focusing on MRSA, 

carbapenem-resistant strains, ESBL producers, and colistin-resistant bacteria at King Khaled 

Hospital in Najran.  

Methods 

Study Design and Sample Collection 

This study was conducted at King Khalid Hospital, where 559 clinical samples were collected 

from patients during routine care over a 10-month period in 2023. The samples included urine, 

pus, high vaginal swabs, nasal swabs, catheter tips, and wound swabs. These samples were 

obtained from various hospital units, including the Intensive Care Unit (ICU), Outpatient 

Department (OPD), Female Medical Ward (FMW), Male Medical Ward (MMW), Male Surgical 

Ward (MSW), and Female Surgical Ward (FSW). Samples were aseptically collected in sterile 

containers to ensure minimal contamination. Each sample was promptly transported to the 

laboratory and processed within 4 hours of collection. 

Laboratory Analysis and Antibiotic Sensitivity Screening 

Samples were subjected to standard microbiological analysis as per Cheesbrough's methodology 

(2010). Samples were inoculated onto a variety of agar plates, including Blood Agar, Xylose 

Lysine Deoxycholate (XLD) Agar, Cysteine Lactose Electrolyte Deficient (CLED) Agar, 

MacConkey Agar, and Chocolate Agar. Most plates were incubated aerobically at 35°C for 24 

hours, while Chocolate Agar plates were incubated anaerobically at 37°C for 24 hours. Bacterial 

identification was performed using the BD-Phoenix 100 automated identification system. 

Antibiotic susceptibility testing was conducted using the BD-Phoenix 100 system. This automated 

method allowed for efficient and accurate determination of resistance profiles for the bacterial 

isolates. The study included all clinical samples collected during routine patient care from 

participants who provided informed consent. Samples intended for fungal studies were excluded 

from the analysis. 

Ethical Considerations 

Ethical approval for the study was obtained from the Medical Research and Ethics Committee of 

King Khalid Hospital, Saudi Arabia (KACST, KSA: H-11-N-136). Participants were given 

informed consent forms, and only those who consented were included in the study. All methods 

were carried out according to relevant guidelines and regulations. This study was conducted by the 

Declaration of Helsinki. 
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Results 

Percentage Occurrences of Bacterial Isolates in Clinical Samples 

Figure 1 shows the percentage of various bacterial isolates found in different clinical samples. E. 

coli (51%) was the most prevalent isolate; followed by S. aureus (22%), Klebsiella pneumoniae 

(14%), P. aeruginosa (6%), Acinetobacter baumannii (6%), while Enterococcus faecium (1%) was 

the least prevalent (Figure 1).  

 

 
Figure 1: Prevalence of Bacterial Isolates  

 

Resistance Profile of MRSA and VRE  

Table 1 presents the resistance profile of Methicillin-Resistant Staphylococcus aureus (MRSA) 

and Vancomycin-Resistant Enterococcus faecium (VRE) against various antibiotics. For MRSA 

(n=123), 21.9% of the strains were resistant to clindamycin, 100% were resistant to cefotaxime, 

cefoxitin, and oxacillin, 0.8% were resistant to ceftaroline, and 36.6% were resistant to 

erythromycin. None of the MRSA strains were resistant to daptomycin, linezolid, trimeth-

sulfamethoxazole, or vancomycin. Additionally, 13% of the MRSA strains were resistant to 

gentamicin, 20.3% to levofloxacin, and 15.4% to tetracycline (Table 1). For VRE (n=4), 100% of 

the strains were resistant to clindamycin, cefotaxime, cefoxitin, ceftaroline, erythromycin, 

gentamicin, levofloxacin, tetracycline, and vancomycin, while none were resistant to daptomycin, 

linezolid, or trimeth-sulfamethoxazole (Table 1). 
Table 1: Resistance profile of MRSA and VRE  

Antibiotics MRSA VRE 

 Staphylococcus aureus 

(123) 

 Enterococcus  faecium  (4) 

Clindamycin 27( 21.9) 4 (100) 

Cefotaxime 123 (100) 4 (100) 

Cefoxitin 123 (100) 4 (100) 
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Ceftaroline 1 (0.8) 4 (100) 

Daptomycin 0  0 

Erythromycin 45 (36.6) 4 (100) 

Gentamicin 16 (13) 4 (100) 

Levofloxacin 25 (20.3) 4 (100) 

Linezolid 0 0 

Oxacillin 123 (100) - 

Tetracyclin 19 (15.4) 1 (25) 

Trimeth-Sulfamethoxazole 0 0 

Vancomycin 0 4 (100) 

methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE) 

 

Resistance profile of ESBL, CRE, and combined ESBL + CRE  

Table 2 outlines the resistance profile of Extended-Spectrum Beta-Lactamase (ESBL) and 

Carbapenem-Resistant Enterobacteriaceae (CRE) against various antibiotics. For Escherichia coli 

(n=276 for ESBL, n=9 for CRE), strains producing either phenotype had high resistance to 

ampicillin, cefepime, ceftazidime, ceftriaxone, cefuroxime, colistin, and levofloxacin, but 

exhibited low or no resistance to amikacin, tigecycline, imipenem, meropenem and Piperacillin-

Tazobactam (Table 2). For Klebsiella pneumoniae (n=32 for ESBL, n=16 for CRE), strains 

producing either phenotype demonstrated high resistance to ampicillin, cefepime, ceftriaxone, 

cefuroxime, imipenem, meropenem, colistin, and levofloxacin, but low or no resistance to 

amikacin, tigecycline, and Piperacillin-Tazobactam (Table 2). For isolates that produced both 

ESBL and CRE phenotypes; Pseudomonas aeruginosa (n=35), Acinetobacter baumannii (n=35) 

and Klebsiella pneumoniae (n=29), all exhibited very high resistance to all antibiotics except 

Piperacillin-Tazobactam, Tigecycline and Trimethoprim-Sulfamethoxazole which demonstrated 

low resistance (Table 2).  
Table 2: Resistance profile of ESBL, CRE, ESBL + CRE  

 

Antibiotics 

ESBL CRE ESBL + CRE 

Escherichia 

coli 

(276) 

Klebsiella 

pneumoniae  

(32) 

Escherichi

a coli 

(9) 

Klebsiella 

pneumoniae 

(16) 

Pseudomonas 

aeruginosa 

(35) 

Klebsiella  

pneumoniae 

(29) 

Acinetobacter 

baumannii  

(35) 

Amikacin 0 22 (68.8) 0 7 (43.8) 35 (100) 23 (79.3) 28 (80) 

Amoxicillin-

Clavulanate 
124 (44.9) 26 (81.3) 1 (11.1) 9 (56.3) 35 (100) 29 (100) 

35 (100) 

Ampicillin 275 (99.7) 32 (100) 9 (100) 16 (100) 35 (100) 29 (100) 35 (100) 

Cefepime 276 (100) 32 (100) 0 (0) 0 (0) 34 (97.1) 29 (100) 33 (94.3) 

Ceftazidime 276 (100) 30 (81.3) 6 (66.7) 9 (56.3) 35 (100) 29 (100) 35 (100) 

Ceftriaxone 276 (100) 32 (100) 0 (0) 1 (6.3) 35 (100) 29 (100) 35 (100) 

Cefuroxime 276 (100) 32 (100) 0 (0) 0 (0) 35 (100) 29 (100) 35 (100) 

Colistin 276 (100) 32 (100) 9 (100) 16 (100) 35 (100) 29 (100) 35 (100) 

Imipenem 1 (0.4) 0 9 (100) 15 (93.7) 34 (97.1) 27 (93.1) 35 (100) 

Levofloxacin 255 (92.4) 32 (100) 9 (100) 16 (100) 35 (100) 29 (100) 35 (100) 

Meropenem 3 (1.1) 0 9 (100) 16 (100) 35 (100) 29 (100) 35 (100) 

Piperacillin-

Tazobactam 
19 (6.9) 4 (12.5) 8 (88.9) 8 (50) 18 (51.4) 23 (79.3) 

35 (100) 

Tigecycline 1 (1.1) 2 (6.3) 0 1 (6.3) 11 (31.4) 6 (20.7) 5 (14.3) 

Trimethoprim-

Sulfamethoxazole 
159 (57.6) 21 (65.6) 8 (88.9) 16 (100) 32 (91.4) 27 (93.1) 33 (94.3) 

Extended-spectrum beta-lactamases (ESBLs) carbapenem-resistant Enterobacteriaceae (CRE) 

Prevalence of Resistance Phenotype 

Among the 559 isolates studied, the prevalence of drug-resistant phenotypes varied significantly, 

and this is shown in Table 3. ESBL-producing organisms exhibited the highest prevalence (55%), 
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followed by MRSA resistance (22%), combined ESBL and CRE resistance (18%), CRE resistance 

alone (5%), and the least common occurrence (1%) of VRE-producing organisms (Table 3). 

Notably, Escherichia coli showed a 49.4% ESBL production rate and a 1.6% CRE production rate, 

while Klebsiella pneumoniae demonstrated 5.7% ESBL, 2.9% CRE, and 5.2% combined ESBL 

and CRE resistance (Table 3). Pseudomonas aeruginosa and Acinetobacter baumannii each had 

6.3% of isolates with combined ESBL and CRE resistance (Table 3). Staphylococcus aureus had 

a 22% prevalence of MRSA, and Enterococcus faecium exhibited a 1% rate of vancomycin 

resistance (Table 3). 
Table 3: Prevalence of Resistance phenotypes across Bacterial Isolates 

Organisms ESBL CRE 

ESBL + 

CRE  MRSA VRE 

Escherichia coli  276 (49.4) 9 (1.6) 0 0 0 

Klebsiella pneumoniae  32 (5.7) 16 (2.9) 29 (5.2) 0 0 

Acinetobacter baumannii  0 0 35 (6.3) 0 0 

Pseudomonas aeruginosa  0 0 35 (6.3) 0 0 

Staphylococcus aureus  0 0 0 123 (22) 0 

Enterococcus  faecium   0 0 0 0 4 (1) 

Total 308 (55) 25 (5) 99 (18) 123 (22) 4 (1) 

Methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), 

and extended-spectrum beta-lactamases (ESBLs) carbapenem-resistant Enterobacteriaceae 

(CRE). 

Prevalence of colistin resistance 

Colistin resistance rates varied significantly among different resistance phenotypes, as shown in 

Table 4. ESBL phenotype isolates had a high resistance rate of 71.3%, while those with both ESBL 

and CRE phenotypes showed a lower rate of 22.9% (Table 4). The CRE phenotype alone had the 

lowest resistance rate at 5.8%. Among bacterial species, Escherichia coli and Klebsiella 

pneumoniae with the ESBL phenotype had colistin resistance rates of 96.8% and 41.6%, 

respectively (Table 4). Notably, Pseudomonas aeruginosa and Acinetobacter baumannii isolates 

with both ESBL and CRE phenotypes displayed 100% colistin resistance (Table 4). 
Table 4: Prevalence of colistin resistance 

Organisms ESBL CRE ESBL + CRE  

Escherichia coli  276 (96.8) 9 (3.3) - 

Klebsiella pneumoniae  32 (41.6) 16 (20.8) 29 (37.7) 

Acinetobacter baumannii  
- - 

35 (100) 

Pseudomonas aeruginosa  
- - 

35 (100) 

Total 308 (71.3) 25 (5.8) 99 (22.9) 

Extended-spectrum beta-lactamases (ESBLs) carbapenem-resistant Enterobacteriaceae (CRE) 

Distribution of Resistance Phenotypes According to Age and Gender 

Table 4 outlines the distribution of antibiotic resistance phenotypes among various bacterial 

organisms, categorized by age groups and gender. Of the 559 participants, age group 50+ had the 

highest prevalence of resistance phenotypes with 58.7%, and the least was ≤19 age group with 

4.3% (Table 5). The distribution of antibiotic resistance phenotypes across various bacterial 

organisms revealed that E. coli with ESBL + Colistin phenotype had the highest prevalence in the 

50+ age group at 64.9%, and a higher prevalence in females at 53.3% (Table 5). Similarly, E. coli 

with CRE + Colistin phenotype was most prevalent in the 50+ age group at 77.8%, with females 
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showing an 88.9% prevalence (Table 5). Acinetobacter baumannii with ESBL + CRE + Colistin 

phenotype had the highest prevalence of 42.9% for the 50+ age group, with male gender having 

highest prevalence at 82.9% (Table 5). Klebsiella pneumoniae showed a high prevalence in the 

50+ age group across all phenotypes: CRE + Colistin at 68.8%, ESBL + Colistin at 78.1%, and 

ESBL + CRE + Colistin at 75.9%, with males having the highest prevalence for the latter two 

phenotypes at 53.1% and 62.1%, respectively (Table 5). Pseudomonas aeruginosa with ESBL + 

CRE + Colistin phenotype had a 77.1% prevalence in the 50+ age group, with 80% of cases being 

male. Staphylococcus aureus with the MRSA phenotype had a 32.5% prevalence in the 50+ age 

group and a 70.7% prevalence in males (Table 5). Lastly, Enterococcus faecium with the VRE 

phenotype was most prevalent in the 50+ age group at 66.7%, with a 75% prevalence in males 

(Table 5). 
Table 5: Distribution of Resistance phenotypes according to age and Gender 

Organism Resistance 

phenotype 

Age Gender 

≤19 20-29 30-39 40-49 50+ Male Female 

Escherichia coli  

ESBL + Colistin 

(276) 
7 (2.5) 24 (8.7) 39 (14.1) 27 (9.8) 179 (64.9) 129 (46.7) 147 (53.3) 

CRE + Colistin (9) 0 1 (11.1) 1 (11.1) 0 7 (77.8) 1 (11.1) 8 (88.9) 

Acinetobacter 

baumannii  

ESBL + CRE + 

Colistin (35) 
2 (5.7) 8 (22.9) 6 (17.1) 4 (11.4) 15 (42.9) 29 (82.9) 6 (17.1) 

Klebsiella 

pneumoniae 

CRE + Colistin (16) 0 1 (6.3) 3 (18.8) 1 (6.3) 11 (68.8) 7 (43.8) 9 (56.3) 

ESBL + Colistin (32) 0 1 (3.1) 3 (9.4) 3 (9.4) 25 (78.1) 17 (53.1) 15 (46.9) 

ESBL + CRE + 

Colistin (29) 
1 (3.4) 2 (6.9) 3 (10.3) 1 (3.4) 22 (75.9) 18 (62.1) 11 (37.9) 

Pseudomonas 

aeruginosa 

ESBL + CRE + 

Colistin (35) 
1 (2.9) 2 (5.7) 2 (5.7) 3 (8.6) 27 (77.1) 28 (80) 7 (20) 

Staphylococcus 

aureus  

MRSA (123) 12 (9.8) 25 (20.3) 25 (20.3) 21 (17.1) 40 (32.5) 87 (70.7) 36 (29.3) 

Enterococcus  

faecium   
VRE (4) 

1 (33.3) 1 (33.3) 0 0 2 (66.7) 3 (75) 1 (25) 

 Total 24 (4.3) 65 (11.6) 82 (14.7) 60 (10.7) 328 (58.7) 319 (57.1) 240 (42.9) 

Methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), and extended-

spectrum beta-lactamases (ESBLs) carbapenem-resistant Enterobacteriaceae (CRE) 

 

Distribution of Resistance Phenotypes According to Ward Location 

Table 5 details the distribution of antibiotic resistance phenotypes among various bacterial 

organisms, categorized by ward location. The prevalence rates according to ward location were 

highest in the OPD at 55.8%, followed by 14.7% in the ICU, 12.9% in the MSW, 9.3% in the 

MMW, 3.9% in the FSW, and lowest in the FMW at 3.4% (Table 6). The distribution of resistance 

phenotypes according to ward location revealed that in the OPD, Escherichia coli (ESBL + 

Colistin) had the highest prevalence at 65.9%, while in the ICU, Escherichia coli (CRE + Colistin) 

was most common at 55.6%. Acinetobacter baumannii (ESBL + CRE + Colistin) also showed 

high prevalence in the ICU, accounting for 54.3% (Table 6). Among Klebsiella pneumoniae 

isolates, the CRE + Colistin phenotype predominated in the ICU (43.8%), whereas the ESBL + 

Colistin phenotype peaked in the OPD (68.8%). Notably, the ESBL + CRE + Colistin phenotype 

for Klebsiella pneumoniae was prevalent in both the OPD and ICU, with a combined prevalence 
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of 37.9%. Pseudomonas aeruginosa (ESBL + CRE + Colistin) exhibited the highest prevalence in 

the ICU (34.3%) (Table 6). Staphylococcus aureus (MRSA) was most found in the OPD (62.6%), 

while Enterococcus faecium (VRE) was predominant in the ICU (50%) (Table 6). 

 
Table 6: Distribution of resistance phenotypes according to ward location 

Organism Resistance Phenotype Ward 

OPD MMW MSW FMW FSW ICU 

Escherichia coli  
ESBL + Colistin (276) 182 (65.9) 27 (9.8) 24 (8.7) 11 (4)  10 (3.6) 22 (8)  

CRE + Colistin (9) 0 4 (44.4) 0 0 0 5 (55.6) 

Acinetobacter 

baumannii  

ESBL + CRE + Colistin 

(35) 
6 (17.1) 4 (11.4) 3 (8.6) 2 (5.7) 1 (2.9) 19 (54.3) 

Klebsiella pneumoniae 

CRE + Colistin (16) 5 (31.3) 2 (12.5) 0 0 2 (12.5) 7 (43.8) 

ESBL + Colistin (32) 22 (68.8) 2 (6.3) 7 (21.9) 0 1 (3.1) 0 

ESBL + CRE + Colistin 

(29) 
11 (37.9) 0 4 (13.8) 1 (3.4) 2 (6.9) 11 (37.9) 

Pseudomonas 

aeruginosa 

ESBL + CRE + Colistin 

(35) 
8 (22.9) 4 (11.4) 9 (25.7) 0 2 (5.7) 12 (34.3) 

Staphylococcus aureus  MRSA (123) 77 (62.6) 9 (7.3) 25 (20.3) 4 (3.3) 4 (3.3) 4 (3.3) 

Enterococcus faecium   VRE (4) 1 (25) 0 0 1 (25) 0 2 (50) 

 Total 312 (55.8) 52 (9.3) 72 (12.9) 19 (3.4) 22 (3.9) 82 (14.7) 

Intensive Care Unit (ICU), Outpatient Department (OPD), Female Medical Ward (FMW), Male 

Medical Ward (MMW), Male Surgical Ward (MSW), and Female Surgical Ward (FSW), 

methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), 

and extended-spectrum beta-lactamases (ESBLs) carbapenem-resistant Enterobacteriaceae (CRE) 

 

Distribution of Resistance Phenotypes According to Sample Type 

Table 6 provides a comprehensive breakdown of antibiotic resistance phenotypes among different 

bacterial organisms, categorized by sample type. Urine sample had the highest prevalence of 49%, 

followed by wound samples with 22.7%, pus sample with 18.6%, nasal swabs with 7.3%, catheter 

tip with 1.3% and least was HVS with 1.1% (Table 7). Escherichia coli (ESBL + Colistin) had the 

highest prevalence in urine samples (68.5%), while Escherichia coli (CRE + Colistin) showed 

equal prevalence in pus and urine samples (44.4% each). Acinetobacter baumannii (ESBL + CRE 

+ Colistin) was most common in wound samples (48.6%) (Table 7). Among Klebsiella 

pneumoniae, the CRE + Colistin phenotype had the highest prevalence in urine samples (68.8%), 

while the ESBL + Colistin phenotype was most prevalent in urine (75%). The ESBL + CRE + 

Colistin phenotype for Klebsiella pneumoniae showed the highest prevalence in urine samples 

(51.7%). Pseudomonas aeruginosa (ESBL + CRE + Colistin) had the highest prevalence in urine 

samples (40%), and Staphylococcus aureus (MRSA) was most prevalent in wound samples 

(42.3%). Finally, Enterococcus faecium (VRE) had the highest prevalence in urine samples (75%) 

(Table 7). 

Table 7: Distribution of resistance phenotypes according to sample type 
Organism Resistance Phenotype Sample 

Wound Pus Urine Catheter 

Tip 

Nasal 

Swab 

HVS 

Escherichia coli  
ESBL + Colistin (276) 34 (12.3) 30 (10.9) 189 (68.5) 2 (0.7) 21 (7.6) 0 

CRE + Colistin (9) 0 4 (44.4) 4 (44.4) 0 1 (11.1) 0 
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Acinetobacter 

baumannii  

ESBL + CRE + Colistin 

(35) 
17 (48.6) 6 (17.1) 10 (28.6) 0 1 (2.9) 1 (2.9) 

Klebsiella 

pneumoniae 

CRE + Colistin (16) 3 (18.8) 1 (6.3) 11 (68.8) 0 1 (6.3) 0 

ESBL + Colistin (32) 3 (9.4) 4 (12.5) 24 (75) 0 1 (3.1) 0 

ESBL + CRE + Colistin 

(29) 
4 (13.8) 6 (20.7) 15 (51.7) 1 (3.4) 2 (6.9) 1 (3.4) 

Pseudomonas 

aeruginosa 

ESBL + CRE + Colistin 

(35) 
13 (37.1) 4 (11.4) 14 (40) 1 (2.9) 3 (8.8) 0 

Staphylococcus 

aureus  
MRSA (123) 52 (42.3) 49 (39.8) 4 (3.3) 3 (2.4) 11 (8.9) 4 (3.3) 

Enterococcus  

faecium   
VRE (4) 1 (25) 0 3 (75) 0 0 0 

 Total 127 (22.7) 104 (18.6) 274 (49.0) 7 (1.3) 41 (7.3) 6 (1.1) 

methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), 

and extended-spectrum beta-lactamases (ESBLs) carbapenem-resistant Enterobacteriaceae (CRE) 

Distribution of Resistance Phenotypes According to Gender against Ward Location 

Table 7 describes the distribution of resistance phenotypes according to gender against ward 

location. In our study involving 559 participants, we observed varying prevalence rates of 

antibiotic resistance phenotypes among different bacterial organisms. Males had the highest 

prevalence in the OPD (27.2%), while females had the highest in the same setting (28.6%) (Table 

8). Specifically, Escherichia coli (ESBL + Colistin) showed the highest prevalence in males within 

the OPD at 56.6%, while females had the highest prevalence in the same setting at 74.1% (Table 

8). For Escherichia coli (CRE + Colistin), males had a 100% prevalence in MMW, whereas 

females showed the highest prevalence (62.5%) in ICU (Table 8). Among Acinetobacter 

baumannii (ESBL + CRE + Colistin), males had the highest prevalence (55.2%) in the ICU, while 

females also had their highest prevalence (50%) in the same ward (Table 8). Moving to Klebsiella 

pneumoniae, males exhibited the highest prevalence (57.1%) in the ICU for the CRE + Colistin 

phenotype, whereas females had the highest prevalence (33.3%) in the OPD. For the ESBL + 

Colistin phenotype in Klebsiella pneumoniae, males dominated in the OPD (47.1%), while females 

had an even higher prevalence (93.3%) in the same setting. The ESBL + CRE + Colistin phenotype 

for Klebsiella pneumoniae was most prevalent in males (50%) in the ICU and in females (54.5%) 

in the OPD (Table 8). Among Pseudomonas aeruginosa (ESBL + CRE + Colistin), males had the 

highest prevalence (35.7%) in the ICU, while females showed a slightly lower prevalence (28.6%) 

in the same ward. Staphylococcus aureus (MRSA) had males with the highest prevalence (59.8%) 

in the OPD and females with the highest prevalence (69.4%) in the same setting. Finally, 

Enterococcus faecium (VRE) was most prevalent in males (66.7%) in the ICU and in females 

(100%) in the Female Medical Ward (FMW) (Table 8).  

Mean and Standard Deviation Description (for Table 4) 

In Table 4 the mean values represent the average number of resistance cases in each ward for both 

male and female patients, while the standard deviation indicates the variability or dispersion of 

these cases. For example, in the ICU, male patients had an average (mean) of 2.12 resistance cases 

with a standard deviation of 1.657, indicating a moderate spread around the mean value. 

Table 8: Distribution of Resistance Phenotypes According to Gender against Ward location 
Organism Resistance 

Phenotype 

Gender Ward Mean Std. 

Deviation OPD MMW MSW FMW FSW ICU 

Escherichia 

coli  

ESBL + 

Colistin 

Male 

(129) 
73 (56.6) 16 (12.4) 24 (18.6) 0 0 16 (12.4) 2.12 1.657 

Female 

(147) 
109 (74.1) 11 (7.5) 0 11 (7.5) 10 (6.8) 6 (4.1) 1.78 1.507 
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CRE + 

Colistin 

Male 

(1) 

0 
1 (100) 

0 0 0 
0 2.00 . 

Female 

(8) 

0 
3 (37.5) 

0 0 0 
5 (62.5) 4.50 2.070 

Acinetobacter 

baumannii 

ESBL + 

CRE + 

Colistin 

Male 

(29) 
5 (17.2) 3 (10.3) 3 (10.3) 2 (10.3) 0 16 (55.2) 4.28 2.086 

Female 

(6) 
1 (16.7) 1 (16.7) 0 0 1 (16.7) 3 (50) 4.33 2.251 

Klebsiella 

pneumoniae  

CRE + 

Colistin 

Male 

(7) 
2 (28.6) 1 (14.3) 

0 0 
0 4 (57.1) 4.00 2.517 

Female 

(9) 
3 (33.3) 1 (11.1) 

0 0 
2 (22.2) 3 (33.3) 3.67 2.345 

ESBL + 

Colistin 

Male 

(17) 
8 (47.1) 2 (11.8) 7 (41.2) 

0 
0 

0 
1.94 .966 

Female 

(15) 
14 (93.3) 0 0 

0 
1 (6.7) 

0 
1.27 1.033 

ESBL + 

CRE + 

Colistin 

Male 

(18) 
5 (27.8) 

0 
4 (22.2) 0 0 9 (50) 1.94 .966 

Female 

(11) 
6 (54.5) 

0 
0 1 (9.1) 2 (18.2) 2 (18.2) 1.27 1.033 

Pseudomonas 

aeruginosa  

ESBL + 

CRE + 

Colistin 

Male 

(28) 
6 (21.4) 3 (10.7) 9 (32.1) 

0 
0 10 (35,7) 3.54 2.009 

Female 

(7) 
2 (28.6) 1 (14.3) 0 

0 
2 (28.6) 2 (28.6) 3.71 2.289 

Staphylococcus 

aureus  
MRSA 

Male 

(87) 

52 (59.8) 9 (10.3) 25 (28.7) 0 0 1 (1.1) 
1.74 1.005 

Female 

(36) 

25 (69.4) 0 0 4 4 (11.1) 3 (8.3) 
2.19 1.880 

Enterococcus  

faecium   
VRE 

Male 

(3) 

1 (33.3) 0 0 0 0 2 (66.7) 
4.33 2.887 

Female 

(1) 

0 0 0 1 (100) 0 0 
4.00 . 

 Total 
Male 152 (27.2) 35 (6.3) 72 (12.9) 2 (0.4) 0 58 (10.4)   

Female 160 (28.6) 17 (3.0) 0 17 (3.0) 22 (3.9) 24 (4.3)   

Intensive Care Unit (ICU), Outpatient Department (OPD), Female Medical Ward (FMW), Male 

Medical Ward (MMW), Male Surgical Ward (MSW), and Female Surgical Ward (FSW), 

methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), 

and extended-spectrum beta-lactamases (ESBLs) carbapenem-resistant Enterobacteriaceae (CRE) 

 

Discussion 

Antimicrobial resistance (AMR) is a critical challenge in Saudi Arabia, driven by the high 

prevalence of extended-spectrum beta-lactamase (ESBL) and carbapenem-resistant 

Enterobacteriaceae (CRE) phenotypes. The widespread resistance to commonly used antibiotics, 

even last resort options, underscores the urgency of implementing stricter antibiotic stewardship 

programs and infection control measures. The study conducted at King Khaled Hospital in Najran, 

Saudi Arabia, highlights concerning trends in antimicrobial resistance (AMR) among clinical 

isolates, underscoring the urgent need for improved antibiotic stewardship and stringent infection 

control measures. E. coli emerged as the most prevalent bacterial isolate, accounting for 51% of 
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cases. This aligns with findings from studies by Mutair et al. (2021) in Saudi Arabia and 

Akinjogunla et al. (2024) in Nigeria, where E. coli was also the predominant isolate at rates of 

42.2% and 32.3%, respectively. E. coli’s high prevalence is attributable to its common role in 

urinary tract infections (UTIs) and surgical site infections, prevalent in both community and 

hospital settings. The large proportion of urine samples submitted for microbiological analysis 

makes it expected for E. coli to frequently emerge as the most common isolate. The spread of E. 

coli is facilitated within healthcare facilities by patient movement, contaminated surfaces, and 

inadequate hygiene, persisting in environments such as sinks, drains, and medical equipment. 

Additionally, E. coli can transfer resistance genes from animals to humans, with antibiotic use in 

livestock and contaminated food contributing to its prevalence (Regassa et al., 2023). 

Staphylococcus aureus was also significant due to its role in skin and soft tissue infections, surgical 

site infections, and bloodstream infections. The hospital environment provides ample opportunities 

for S. aureus transmission. Klebsiella pneumoniae, Pseudomonas aeruginosa, and Acinetobacter 

baumannii are prevalent in nosocomial infections, particularly in intensive care units (ICUs), 

where they are associated with severe infections such as pneumonia, bloodstream infections, and 

wound infections. These pathogens’ ability to survive in hospital environments and develop 

resistance to multiple antibiotics contribute to their persistence. The low prevalence of 

Enterococcus faecium (1%) might be due to its specific association with certain hospital-acquired 

infections, particularly in immunocompromised patients or those with prolonged hospital stays. 

Despite its lower prevalence, the emergence of vancomycin-resistant Enterococcus (VRE) strains 

makes it a significant concern for infection control and patient management. 

The study revealed that 55% of all isolates were ESBL-producing organisms concerning statistics  

linked to the widespread use of broad-spectrum cephalosporins (Miteu et al., 2023). These bacteria 

develop resistance by producing beta-lactamase enzymes that break down beta-lactam antibiotics 

(Sarkar et al., 2019). Conversely, CRE-producing isolates were less prevalent. This trend likely 

results from the reserved use of carbapenems for severe infections, aiming to prevent widespread 

resistance, as these antibiotics are considered last-resort options (Rousham et al., 2018). A 

retrospective study in the central region of Saudi Arabia identified 37.1% and 27.8% of E. coli and 

Klebsiella species isolates as ESBL, respectively, with carbapenem resistance observed in 38.3% 

of E. coli and 44.2% of Klebsiella species isolates. 

The identification of all Staphylococcus aureus isolates as MRSA is particularly concerning. This 

conforms to the report by Al Musawi et al. (2022), indicating a yearly 10% increase in MRSA 

prevalence in Saudi Arabia. Altered penicillin-binding proteins (PBPs) reduce their affinity for 

beta-lactam antibiotics, highlighting the widespread misuse of penicillins and cephalosporins 

(Eipa et al., 2023). Although these isolates remained sensitive to alternative antibiotics like 

vancomycin and linezolid, this sensitivity offers some hope. This is consistent with the study by 

Said et al. (2023), which reported >90% sensitivity. Similarly, all Enterococcus faecium isolates 

were found to be vancomycin-resistant, likely due to changes in cell wall structures driven by 

genes such as vanA or vanB (Lee et al., 2019). This high prevalence contrasts with other studies 

by Alhumaid et al. (2021) and Bazaid et al. (2021). Despite these alarming findings, alternative 

drugs for VRE, including daptomycin and linezolid (Chuang et al., 2014), demonstrated sensitivity 

in this study, offering promising options when vancomycin fails. 

The discovery of isolates exhibiting both ESBL and CRE resistance is significant. Carbapenems, 

once considered last-resort antibiotics, are now compromised, with these strains evading multiple 

classes of antibiotics and severely limiting treatment options. This underscores the urgent need for 
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coordinated efforts, including infection control, antibiotic stewardship, and research into novel 

therapies, to combat this growing threat. 

A particularly troubling finding is the high level of colistin resistance observed in all ESBL, CRE, 

and combined ESBL + CRE isolates. This rise in resistance can be attributed to the increased use 

of colistin as a last-resort antibiotic. Polymyxins, including colistin, were globally discontinued 

due to adverse reactions such as nephrotoxicity and neurotoxicity (Soman et al., 2020). However, 

they were reintroduced in Saudi hospitals to combat the continual increase in antimicrobial 

resistance (Alqasim, 2021; Wu et al., 2022). Studies in 2019 reported colistin as the most effective 

antibiotic against ESBL and CRE in Saudi Arabia (Khan et al., 2019). However, later studies by 

Aldawsari et al. (2020) and Taha et al. (2023) revealed alarmingly high resistance rates to colistin. 

Our study found 100% resistance to colistin in all isolates, including those with diverse resistant 

phenotypes, and 22.9% resistance in isolates with combined (ESBL + CRE) resistance phenotypes. 

In contrast, a 2022 study by Saleem et al. in Hail, a city near Najran, reported colistin susceptibility 

rates between 91.9% and 100%. This disparity highlights interesting regional differences, with 

Hail blending urban and rural areas, while Najran is primarily rural and near the Yemeni border. 

These distinctions underscore how AMR varies across regions (Skandalis et al., 2021). Rural 

regions struggle with access to quality healthcare, and factors such as climate and environment 

further contribute to the spread of resistant pathogens (Frost et al., 2019; Wu et al., 2024). In some 

regions, due to struggles with access to quality healthcare, patients access pharmacies more for 

over-the-counter drugs, where pharmacists prescribe antibiotics even when illegal (Bin Nafisah et 

al., 2017; Ajabnoor and Cooper, 2020). 

Participants aged 50+ showed a higher prevalence of antibiotic-resistant phenotypes across various 

bacterial organisms. Aging leads to immunosenescence, making older adults more susceptible to 

infections. Chronic illnesses such as diabetes, cardiovascular diseases, and chronic obstructive 

pulmonary disease (COPD) further weaken host defenses, necessitating prolonged antibiotic use 

and increasing the risk of resistance. Additionally, older adults accumulate antibiotic exposure 

over their lifetime, creating selective pressure favoring resistant strains. Chronic conditions often 

require frequent medical interventions and the use of invasive medical devices, which provide 

entry points for resistant bacteria (Wezi, 2023). 

Males exhibited higher prevalence rates for resistance phenotypes in organisms like Acinetobacter 

baumannii, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus, and 

Enterococcus faecium. This can be linked to increased exposure to hospital environments, invasive 

procedures, and occupational risks. Men often have higher rates of chronic conditions necessitating 

frequent hospitalizations and interventions that expose them to resistant bacteria. This conforms 

to results in Table 7 where male participants had higher prevalence in the ICU. Occupational 

factors, including manual labor and higher risk of injuries, increase their susceptibility to skin and 

soft tissue infections. Additionally, the Hajj pilgrimage organized in Saudi Arabia is attended 

mostly by men, potentially facilitating pathogen exchange from diverse regions (Alqasim, 2020; 

Alqasim, 2021). In contrast, females had a higher prevalence of E. coli resistance phenotypes 

(ESBL + Colistin), likely due to recurrent urinary tract infections (UTIs) and repeated antibiotic 

use. Women are biologically more prone to UTIs, leading to more frequent antibiotic prescriptions, 

which drive resistance (McLellan and Hunstad, 2016). Hormonal influences and behavioral factors 

also play a role, as females tend to seek healthcare more frequently, increasing their exposure to 

healthcare settings and potentially resistant pathogens (Edem et al., 2021). 

High prevalence of resistance phenotypes was observed in the OPD and ICU, at 55.8% and 14.7%, 

respectively. The high prevalence in the OPD can likely be due to its role as a gateway for 
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community-acquired infections (Klepser et al., 2017). Patients with mild symptoms frequently 

visit the OPD, contributing to the spread of resistant bacteria. Overprescribing antibiotics in the 

OPD is common, as clinicians may prescribe antibiotics for viral infections or self-limiting 

conditions, further promoting resistance. Additionally, the high patient influx in the OPD increases 

exposure to resistant strains (King et al., 2018). However, for ICU, being a high-risk environment 

contributes significantly to resistance. At the ICU, critically ill patients undergoing invasive 

procedures, such as ventilation, catheterization, and surgery, are at increased risk of infections 

(Masoud, 2020). The use of broad-spectrum antibiotics is common in ICUs, as patients often 

receive potent antibiotics empirically, promoting the development and spread of resistant bacteria 

(Vincent et al., 2020). 

Urine samples had the highest prevalence of resistance phenotypes, likely due to the common 

occurrence of UTIs and frequent collection of urine samples for diagnostic purposes. 

Catheterization and other invasive procedures increase the risk of resistant infections in urinary 

tracts (Khaparkuntikar et al., 2017). This also suggests that UTIs are a significant source of 

antibiotic resistance. All isolates and their respective resistance phenotypes had high prevalence 

in urine samples, except for Acinetobacter baumannii (ESBL + CRE + Colistin phenotype) and 

Staphylococcus aureus (MRSA phenotype) who had high prevalence in wound samples. This 

disparity indicates pathogens’ ability to persist in wounds and their association with skin and soft 

tissue infections, often exacerbated by hospital-acquired infections. 

Future studies should consider a multicenter approach and include community-acquired infections 

for a more comprehensive understanding. Further research should explore the molecular basis of 

resistance and investigate the role of antibiotic prescribing practices in the emergence of resistance. 

Additionally, studies assessing the clinical outcomes of patients infected with resistant strains and 

the effectiveness of alternative treatment regimens are needed to inform clinical management 

strategies.  
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