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Abstract 

The current research aimed to investigate the prevalence of antibiotic resistance among Staphylococcus aureus 

and Escherichia coli. About 72 samples were suspected to have urinary tract infections and were further 

identified by using a biochemical and VITIK 2 compact system. The results showed that 21 samples were 

diagnosed as Staphylococcus aureus isolates and 25 samples were diagnosed as Escherichia coli isolates. The 

VITIC 2 compact system was applied to determine the bacterial isolates' sensitivity to antibiotics. The results 

showed that E. coli isolates were 100% resistant to Cephalexin, Amoxicillin, Penicillin, and Amoxicillin-

clavulanic acid, while S. aureus showed 100% resistance against Cefepime and Cefixime. In another hand, 

the lower resistance of E. coli showed against Clindamycin and Erythromycin was 0.0%, besides the same 

resistance ratio of S. aureus against Imipenem, Nalidixic acid, Trimethoprim / Sulfamethoxazole and 

Cefotaxime.  
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1. Introduction 

Among the most prevalent bacterial infections is a 

urinary tract infection (UTI). 150 million individuals 

around the world are affected. Simple cystitis to 

serious infections like pyelonephritis and other 

consequences are all included in the spectrum of UTI 

disorders. Due to the female urethra's structural 

inferiority in preventing bacterial invasion, urinary 

tract infections (UTIs) are often more common in 

women than in men (1). 

There are two categories of UTIs: simple and 

complicated. Simple UTIs typically have an impact 

on individuals in good health who do not have 

neurological, structural, or physiological 

abnormalities of the urinary system. Upper UTIs and 

Lower (urethritis, cystitis, and pyelonephritis, 

respectively) have been related to infections of this 

type (2,3). While, individuals who have obstructions 

and foreign bodies in their urinary system (which 

impair its ability to function), urine retention brought 

on by an illness or immune problem, and catheter-

associated UTIs (CAUTIs), are at an increased risk 

of developing complicated UTIs (2). 

UTI is a common infectious illness that frequently 

recurs in all age groups is urinary tract infection 

(UTI). Bacterial biofilms have a critical role in 

producing infection in the urinary tract, which 

results in recurrences and relapses (4). 

UTIs account for more than 40% of all infections 

acquired in hospitals and 50% of the bacterial 
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infections causing mortality and prolonged persist 

(5) 

Several uropathogens, such as Escherichia coli 

(around 85%), Proteus mirabilis, Klebsiella 

pneumoniae, Staphylococcus saphrophyticus, 

Staphylococcus aureus, group B Streptococcus, 

Enterobacter and Enterococcus species, and 

Candidaspp., are responsible for UTIs (6). 

More than 95% of urinary tract infections are 

recognized to be caused by a single species of 

bacteria. Escherichia coli is the most common 

bacteria responsible for acute illnesses (7). It's gram-

negative bacilli and a member of the 

Enterobacteriaceae family, some of its strains can 

lead to gastrointestinal problems, food poisoning, 

and urinary tract infections (8). The increased rate of 

antibiotic resistance may be a significant factor in 

the development of complicated and recurring UTIs 

(9). 

According to certain Iraqi investigations, the most 

common pathogenic microorganisms that cause UTI 

were Staphylococcus spp (10), coccoid bacteria 

belonging to the class Firmicutes, and Gram-

positive, non-motile, and coagulase-positive 

(11,12). S. aureus is one of the most important 

opportunistic bacterial infections of humans, It 

frequently invades human populations and is a major 

worldwide cause of disease and mortality (13). 

Diseases caused by S. aureus range widely, from 

superficial skin infections to sepsis. and deadly 

pneumonia, resistance to antibiotics makes treating 

S. aureus infections more difficult (14). Nonspecific 

antibiotic resistance resulting from the formation of 

biofilms is a common feature of many biofilm-

related S. aureus infections (15). 

Despite the high pathogenicity of uropathogenic 

Escherichia coli strains, the host activates various 

immune systems, such as innate and adaptive 

immunity., using antibiotics such -lactams, 

trimethoprim, nitrofurantoin, and quinolones as part 

of routine UTI treatment is common in many 

countries to eradicate them from the urinary tract 

(16). E. coli, a mostly facultative anaerobic Gram-

negative bacterium, colonizes the digestive tract of 

infants and aids in the maintenance of normal 

intestinal homeostasis (17). 

Many bacteria, particularly antibiotic-resistant 

pathogens, and biofilm producers are capable of 

penetrating urinary tract tissues, colonizing, and 

establishing potentially fatal infections (18). 

Antibiotic use as a cure for urinary tract infections 

poses a major threat to public health. There are many 

counterfeit and spurious pharmaceuticals of 

questionable quality in circulation, especially in 

developing countries where there is a high level of 

poverty, illiteracy, and poor hygienic standards. 

Because the medications are so inexpensive and 

widely accessible without a prescription, abuse is a 

possibility (19). 

Currently, Cephalosporins of the second or third 

generation from the -lactam antibiotic class, 

including ciprofloxacin, ampicillin, trimethoprim 

(TMP), sulfamethoxazole (SMX), cotrinoxazole 

(TMP/SMX), and ampicillin, are the most frequently 

advised and utilized during UTI therapy against 

UPEC isolates (15,20). 

B-lactam inhibitors are the safest and probably most 

often given medicines for UTIs. B-lactam inhibitors 

are broad-spectrum antibiotics that have a beta-

lactam ring in their structure. Numerous studies 

show that beta-lactamase medicines are less 

effective against E. coli in UTIs (21). 

Materials and Methods 

Samples collection  

From November 2022 to March 2023, urine 

samples from women and men of various ages who 

had UTI symptoms were collected from Iraqi 

Hospitals in Baghdad. Afterward, they were 

cultured onto Nutrient, MacConkey, mannitol salt 

agar, and blood agar and incubated there overnight 

at 37 °C. About 72 samples were identified as 

having UTIs. Identification was accomplished by 

following the protocols of established biochemical 

tests. 
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Identification of bacterial isolates and Antibiotic 

susceptibility test (AST) using VITEK2 compact 

system  

Using the VITEK2 compact system, bacterial 

isolates were identified following the company's 

instructions. 

Many bacterial colonies were inoculated into glass 

tubes to set the turbidity at 0.5 (McFarland standard).  

The sample was loaded into the VITEK 2 compact 

system equipment, which used negative pressure to 

transfer the bacterial suspension to a cassette. The 

cassette was then incubated for 12 hours to finish the 

AST and biochemical reaction. The data were 

interpreted using the custom software for the VITEK 

2 compact system to identify the different species 

and strains of bacteria as well as to determine the 

susceptibility results. 

Results  

Identification of bacteria  

All samples supposed to have UTI were cultured on 

nutrient agar, MacConkey agar, mannitol salt agar, 

and blood agar to identify their physiological, 

morphological, and biochemical characteristics. The 

results showed that 21 samples were diagnosed as 

Staphylococcus aureus isolates and 25 samples were 

diagnosed as Escherichia coli isolates. These 

characters are shown in Table (1) and Figures (1, 2) 

below:  

 

Table (1): The characters of E. coli and S. aureus 

Characters Escherichia coli Staphylococcus aureus 

Gram stain   G-ve  G+ve 

Morphology  Bacilli  Cocci 

Motility  Motile  Non motile  

TSI  A\A +, -  A\A +, -  

MacConkey 
Lactose fermenter (pink 

colonies) 
No growth  

Mannitol salt agar No growth  
Yellow colonies (mannitol 

fermenter) 

Blood agar  Hemolytic  Hemolytic  

 

Figure (1): S.aureus on mannitol salt agar 
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Figure (2): E.coli on macConkey agar  

 

 

 

Identification by VITIK2 compact system 

All bacterial isolates that were supposed to be 

Escherichiacoli or Staphylococcus aureus are 

further identified using the VITEK2 compact system 

to confirm the results. The results showed that 

twenty-five (25) isolates from the samples had E.coli 

and twenty-one (21) isolates from samples had 

S.aureus as shown in tables (2,3).  

Antibiotic susceptibility test using VITIK 2 

compact system 

After the identification of bacterial isolates, the 

antibiotic sensitivity test was finished. by using the 

VITIK 2 compact system. The results are shown in 

Figures (3, 4) and Tables (4, 5).  

From Figure 3, the higher resistance of E. coli 

isolates was against Amoxicillin, Cephalexin, 

Penicillin, and Amoxicillin-clavulanic acid which 

were 100%. 

While the lowest bacterial resistance of S.aureus was 

against Clindamycin and Erythromycin which is 0.0 

%. 

Also, the E. coli resistance was different as shown in 

Figure (3), the resistance percentage of bacterial 

isolates were 73.7, 71.9, 70.3, 70, 67.9, 67.6, 66.7, 

64.3, and 60 against Cefotaxime, Tetracycline, 

Doxycycline, Nalidixic acid, Cefixime, 

Azithromycin, Trimethoprim / Sulfamethoxazole, 

Ceftazidime, and Cefepime respectively. 

Additionally, the resistance ratio of E. coli to 

Ceftriaxone, Ciprofloxacin, Levofloxacin, 

Gentamycin, Cefoxitin, and Aztreonam were 51.3, 

48, 45.5, 38.9, 38.2 and 38.1 respectively. Finally, 

the bacterial resistance was 22.7, 14.3, 12.5, and 9.8 

to Imipenem, Chloramphenicol, Amikacin, and NIT 

respectively. From Figure 4, we find that S.aureus 

isolates have a higher resistance percentage against 

Cefepime and Cefixime which were 100%.  The 

lowest bacterial resistance was against Imipenem, 

Nalidixic acid, Trimethoprim / Sulfamethoxazole, 

and Cefotaxime which is 0.0 %. Furthermore, the 

resistance of S.aureus to Penicillin, Erythromycin, 

Ceftriaxone, and Azithromycin were 86.7, 83.3, 75, 

and 70.6 respectively.  Moreover, S.aureus showed 

a 54.7, 54.2, 50, 40.7 37.3, and 33.3 resistance 

percentage against Clindamycin, Gentamicin, 

Aztreonam, Ciprofloxacin, Levofloxacin, and 

Cefoxitin.  Finally, the resistance percentages 

against Chloramphenicol, Tetracycline, 

Doxycycline, Vancomycin, and Nitrofurantoin were 

26.9, 23.9, 20.3, 15.1, and 9.8 respectively.  
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Table (2): Results from the VITIK 2 compact system that displayed isolates of E. coli 

 

 

 

Table (3): Results from the VITIK 2 compact system that displayed isolates of S.aureus 
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Figure (3): Antibiotic susceptibility test of E.coli that shows bacterial resistance to different antibiotics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4): Antibiotic susceptibility test of S. aureus that shows bacterial resistance to different antibiotics  
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Table (4): The VITIK 2 compact system results that showed antibiotic susceptibility test of E. coli isolates  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table (5): The VITIK 2 compact system results that showed antibiotic susceptibility test of S. aureus isolates  
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Discussion 

The results of higher resistance of E. coli isolates 

against Amoxicillin, Cephalexin, Penicillin, and 

Amoxicillin-clavulanic acid were nearly similar to 

the results of Hashim and AlKhafaji (22) they found 

that E. coli has high resistance to these antibiotics, 

while lowest bacterial resistance of S.aureus was 

against Clindamycin and Erythromycin was closely 

the same of the results reported by of  Hashim and 

AlKhafaji (23), Zhang (24). In another hand, the 

findings for Clindamycin and Erythromycin 

resistance were 41 (39.8%) and 62 (60.1%), 

respectively (25). 

In another study, S. aureus showed resistance of 

about (33%) against 

Trimethoprim/Sulfamethoxazole (TS) prescribed 

antibiotics for UTI (7). While in Sain, Ziaullah 

Mirza (26) showed that Teicoplanin, vancomycin, 

and linezolid all showed 100% sensitivity in S. 

aureus, while amikacin and clindamycin showed 

80% sensitivity, and fluoroquinolones showed 

moderate sensitivity (30–40%). It was demonstrated 

that S. aureus isolates showed high resistance to 

Cefotaxim, Amikacin, Augmentin, and 

Nitrofurantoin (12.0%, 6.3%, 5.1%, 1.4%) 

respectively (2). 

E. coli resistance showed differences among 

different antibiotics as shown previously, while 

S.aureus isolates showed higher resistance 

percentages against Cefepime and Cefixime which 

were 100%,  so these results agreed with the results 

produced by Alorabi (27). Also from another study, 

a significant percentage of S. aureus strains (79.3%) 

showed resistance to cefoxitin (28). On another 

hand, a few isolates of MSSA showed cefepime 

(0.3%) and ceftriaxone (2.3%), while the lowest 

bacterial resistance was against Imipenem, Nalidixic 

acid, Trimethoprim / Sulfamethoxazole and 

Cefotaxime which is 0.0 %. S. aureus was shown to 

be highly sensitive to imipenem (98%), 

nitrofurantoin (97.6%), and vancomycin (95.1%). 

However, high resistance was observed to 

tetracycline (33.2%), 

trimethoprim/sulfamethoxazole (56.9%), and 

penicillin G (91.9%) (29). 

Also, as shown in the results of antibiotic resistance 

in this study, a report from the research revealed that 

S. aureus isolates have resistance to a wide range of 

antibiotics, such as ceftazidime (96.7%), gentamicin 

(64.8%), cefoxitin (94.5%), cefepime (60.4%), 

cefotaxime (64.8%), ciprofloxacin (46.4%), and 

levofloxacin (37.4%), clarithromycin (56%), 

azithromycin, erythromycin, and clindamycin. 

(38.5%) (27). Where have been observed MRSA 

strains exhibited significant resistance to 

doxycycline (68.0%) (30,31). The results of this 

study also agree with (32,33).   
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