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ABSTRACT

Background: Staphylococcus aureus is a major nosocomial pathogen responsible
for a vast array of infections, including urinary tract infections (UTIs). Biofilm
formation, mediated by factors like CIfA and CIfB proteins, contributes to S. aureus
pathogenesis. This study aimed to investigate the occurrence of CIfA and CIfB
genes alongside the antimicrobial susceptibility testing of S. aureus isolates from
patients with UTIs. Methods: A total of 42 S. aureus isolates were recovered from
patients diagnosed with UTIs attended to private clinics in Al-Diwaniya city/ Iraq
during January to May 2023. ldentification was confirmed using the VITEK-2
system. Antimicrobial susceptibility testing was done by the Kirby-Bauer method
against a panel of commonly used antibiotics. Conventional PCR was employed to
detect the presence of CIfA and CIfB genes. Results: The study revealed high
resistance rates were observed for Ampicillin (100%), Ampicillin/Cloxacillin
(83.3%), Cefoxitin (78.6%), and Amikacin (73.8%) and Methicillin (71.4%).
Conversely, resistance rates were lower for Meropenem (19.0%), Ciprofloxacin
(21.4%), and Vancomycin (35.7%), indicating their potential continued use for
UTI treatment. PCR analysis demonstrated a high occurrence of CIfA and CIfB
genes within the S. aureus population. A significant majority (92.85%) of isolates
harbored the CIfA gene while, 76.2% of isolates possessed the CIfB gene,

highlighting its potential contribution to S. aureus pathogenesis in UTIs.
Conclusion: CIfA and CIfB is highly distributed in S. aureusa, studies needed to
evaluate molecular pattern of these genes and relationship with other virulence
factors. Results of the present study highlight the need for continued invastigation
of antibiotic resistance profile in S. aureus across in the country.

INTRODUCTION

Staphylococcus aureus (S. aureus) is a ubiquitous pathogen responsible for a wide spectrum of
infections, from minor skin ailments to life-threatening pneumonia and sepsis. This versatility
stems from its potent virulence factors and concerning ability to resist a broad range of antibiotics
(1). CIfA and CIfB proteins, anchored within the S. aureus cell wall, play a critical role in
pathogenesis (2). Notably, CIfA binds to various host proteins, including fibrinogen, to enhance
bacterial adherence and biofilm formation, a crucial step in establishing chronic infections (2).
Researches revealed CIfA may also bind to host cells directly, enhancing immune evasion and
tissue invasion (3). Similarly, CIfB participates bacteria to adhere to host epithelium, especially in
the nasal canals, promoting colonization - a key factor in establishing infection (4). The possible
relation between CIfA/CIfB and resistance to antibiotics is an interesting to investigate. However,
some studies showed that there is no direct correlation (5), recent studies suggest a greater
complexity interaction. For example, a study in 2023 showed that CIfA expression could trigger
susceptibility to some B-lactam antibiotics through regulation.
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METHODOLOGY

Bacterial Isolation and Identification

Urine samples were collected from patient suffering of urinary tract infection who attended to
private clinics in Al-Diwaniya city/ Iraq during January to May 2023. samples collected by a
sterile container and was streaked onto blood agar using standard loop method and incubated at
37°C for 24 hr. isolated colonies in positive cultures that had morphological characteristics of
staphylococcus were sub cultured onto mannitol salt agar (Accumix /India). Bacterial isolates that
showed positive culture in mannitol salt agar tested for identification using VITEK 2-compact
system Biomerieux (France) according manufacture instructions: First, a small amount of a
bacterial colony is mixed with saline solution. This mixture is then adjusted to McFarland standard
solution (1.5x108 cell/ml). The adjusted sample is loaded into the testing cassette, which is then
placed into the VITEK 2. The machine reads barcode information from the cassette and the sample
to begin the test.

Antimicrobial susceptibility test

Antimicrobial susceptibility test was done based on Kirby-Bauer disks diffusions methods (11)
using Muller Hinton agar and antibiotic disks (Himedia / India): Amikacin(30pg),
Ampicillin(25ug), Ampicillin\Cloxacillin (30ug), Azithromycin (15ug), Cefoxitin(30ug),
Ceftriaxone (30pg), Ciprofloxacin (5 pg), Erythromycin(10pg), Meropenem(10pg),
Methicillin(10pg) and Vancomycin(30ug). Bacterial growth inhibition zone around the discs were
measured by caliper and compared with National Community for Clinical Laboratory Standard
(CLSI, 2020) (13).

DNA Extraction

S. aureus DNA extracted and purified using Genomic DNA Mini Kit (Geneaied/ Taiwan)
according to manufactures' instructions.

PCR assay

DNA templates were set to PCR using sets of primers (F and R) listed in (table 1). All PCR
components were mixed on ice under sterile condition in laminar flow by using PCR reaction
mixtures conducted in 0.2 ml Eppendorf tube with 25 pl reaction volumes, which contain: 12.5ul
Go Taq® Green Master Mix X2, 2.5 pl(10 pico/ pl) forward primer, 2.5 pl(10 pico/ pl) reveres
primer, 5 ul DNA template(250 ng), and2.5 ul nuclease-free water.

Table (1) sequence of primers of the present study

gene Sequence Source Product Size = Reference
clfA F-GCATTTAATAACGGATCAGG 957 bp 12
clfA R-TGAATTAGGCGGAACTACA Macrogen/

clfB F-ATGGTGATTCAGCAGTAAATCC Korea 828 bp 12
clfB R-CATTATTTGGTGGTGTAACTCT

PCR tubes were placed in thermal cycler (BioRad, USA) for amplification of genes and
programmed as mentioned in table (2).

Table (2) PCR thermocycling conditions of primers of the present study
Temperature (C °)/ Time

Gene Initial Cycling condition Final hold
denaturation  denaturation  annealing extension extension

Cycle
number
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clfA 105/5 min 94/30 sec 61.5/30sec = 72/ 2min 7215 4C 30
clfB 105/5 min 94/30 sec 60/1min 72/2min  72/10min = 4C 30

After thermocycling, gel electrophoresis in agarose gel 1.5% (g/v) prepared in electrophoresis
buffer TBE IX and visualized by staining with ethidium bromide. DNA bands size measured,
under UV light, in comparison with 100 bp ladder. IX TBE buffer loaded to the electrophoresis
chamber to cover surface of the gel. The electric current was conducted at70 volt for 1.5 hour.
Finally results visualized using UV light.

RESULTS AND DISCUSSION

Atotal of 42 S. aureus recovered from patients suffering of urinary tract infections who attended to private
clinics in Al-Diwaniya city/ Iraq during January to May 2023 regardless of gender and age, VITEK 2-
compact system used in present study which is a colorimetric based system that has a high accuracy in
species identification (15,16)., However, VITEK 2-compact system technology is still being used in Iraq
for routine work in the healthcare laboratories.

Antimicrobial susceptibility testing of the present study to 42 S. aureus revealed that all isolates
were multidrug resistant (MDR), they are resistant to at minimum three classes of antibiotics (14).
Results showed that (100%) isolates were Ampicillin resistant, in addition, S. aureus showed high
resistance rate to Ampicillin\Cloxacillin (83.3%), Cefoxitin (78.6 %), Amikacin (73.8 %) and
Methicillin (71.4 %), table (3). The results emphasizing the emergence of high resistance in S.
aureus strains, this finding agrees with a previous finding in lIraq (17, 18) which reported a high
rate of MDR S. aureus. On the other hand, results of the present study demonstrated that isolates
showed a low resistance rate to Meropenem, Ciprofloxacin and Vancomycin in percentage (19.0
%), (21.4%) and (35.7%) respectively, table (3). However, there is a positive aspect, the study
shows an encouraging susceptibility to these antibiotics which still effective treatment choice to
S. aureus infections in the country, this result is similar to other results reported a continued
susceptibility to these antibiotics in some S. aureus strains. (12, 19).\

Table (3): antimicrobial susceptibility testing of 42 S. aureus

Antibiotic Resistant Sensitive Total
Amikacin 31(73.8 %) 11(26.2%) 42
Ampicillin 42(100.0%) 0(0%) 42
Ampicillin\Cloxacillin 35(83.3%) 7(16.7) 42
Azithromycin 19(45.2 %) 23(54.8%) 42
Cefoxitin 33(78.6 %) 9(21.4%) 42
Ceftriaxone 17(40.5 %) 25(59.5%) 42
Ciprofloxacin 9(21.4%) 33(78.6%) 42
Erythromycin 24(57.1 %) 18(42.9%) 42
Meropenem 8(19.0 %) 34(81.0%) 42
Methicillin 30(71.4 %) 12(28.6%) 42
Vancomycin 15(35.7%) 27(64.3%) 42

A PCR assay was conducted in this study to detect CIfA and CIfB genes in Staphylococcus aureus
isolates. The results revealed a high prevalence of both genes, with 39 isolates (92.85%)
amplifying the CIfA gene, resulting in a PCR product size of 957bp (Figure 1). Similarly, 32
isolates (76.2%) yielded amplification products of 828bp using CIfB-specific primers (Figure 2).
These findings are in partial agreement with Eftekhar et al. (20), who reported a detection rate of
71.4% for the CIfB gene but showed a lower prevalence (78.6%) for CIfA compared to this study.
Conversely, the results align more closely with Al Ani et al. (21) who detected CIfA and CIfB
genes in 100% and 81.3% of S. aureus isolates from Baghdad, respectively. Interestingly, this
study's findings significantly diverge from those of Mohammadi et al. (22), who observed CIfA
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and CIfB in only 50.6% and 54.2% of S. aureus isolates, respectively. This observed variability in
gene prevalence across different studies highlights the potential for geographical or strain-specific
variations in the distribution of these virulence factors among S. aureus populations.

1000 bp

500 bp

100 bp

Figure (1): positive results of agarose stained with Ethidium bromide of PCR products
amplified with CIfA primers of S. aureus. extracted DNA (957bp).

1000bp ——

500bp —

100 bp

Figure (2): positive results of agarose stained with Ethidium bromide of PCR products
amplified CIfB primers of S. aureus. extracted DNA (828bp).

CONCLUSION

In conclusion, CIfA and CIfB is highly distributed in S. aureus, however, studies needed to investigate
other aspects in these genes regarding with molecular pattern and relationship with other virulence
factors. Results of the present study highlight the need for continued researches of antibiotic
resistance profile in S. aureus across in the country. on the other hand, it is a crucial to explore of
alternative treatment choices and researching of a new effective antibiotic directed to resistant strains.

49 |

Journal of Scientific Research in Medical and Biological Sciences
https://bcsdjournals.com/index.php/jsrmbs



https://bcsdjournals.com/index.php/jsrmbs

10.
11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

50 |

REFERENCES

Klevens RM, Morrison MA, Nadle J, et al. Active Bacterial Core surveillance MI. Invasive Methicillin-
resistant Staphylococcus Aureus Infections in the United States JAMA. 2007;298(15):1763-1771.

Josefsson, E., et al. (2004). Participation of CIfA in adherence of Staphylococcus aureus to human
platelets. Microbiology, 150(Pt 7), 2259-2266.

Kwiecinski, J., et al. (2014). Absence of fibrinogen-binding protein clumping factor A reduces
Staphylococcus aureus virulence in a murine skin infection model. Journal of Infectious Diseases,
209(2), 229-238.

Lina, A., etal. (2003). Involvement of Panton-Valentine leukocidin in nasal carriage and skin colonization
in Staphylococcus aureus. Journal of Clinical Investigation, 112(1), 1893-1902.

McDougal, L. K., et al. (2003). clfB sequence types and methicillin resistance among Staphylococcus
aureus strains causing nosocomial infections. Journal of Clinical Microbiology, 41(11), 5466-5469.

Wang, W., et al. (2023). CIfA modulates Staphylococcus aureus susceptibility to B-lactam antibiotics by
regulating cell wall metabolism. PLoS Pathogens, 19(2), e1010008.

Thorne, S. H., et al. (2015). CIfA surface protein is a potential therapeutic target for Staphylococcus
aureus infections. Journal of Medical Microbiology, 64(12), 1427-1436.

Tong, Y. C., etal. (2015). Staphylococcus aureus biofilm formation is associated with increased antibiotic
resistance to multiple antibiotic classes. Scientific Reports, 5, 14742.

Babaoglu, K., et al. (2016). Development of a broadly protective vaccine targeting Staphylococcus aureus
surface proteins. Frontiers in Microbiology, 7, 1850.

Moran, E. E., et al. (2006). Methicillin-resistant Staphylococcus aureus colonization in preschool
children. The Pediatric Infectious Disease Journal, 25(6), 568-573.

Bauer, A. W., Kirby, W. M., Sherris, J. C., and Turck, M. (1966). Antibiotic susceptibility testing by a
standardized single disc method. Am J clin pathol; 45(4): 493-496.

Abd Zaid, A. M. and Kandala, N. J. (2021). Rapid Discrimination Among Methicillin Resistant
Staphylococcus Aureus Isolates Using Variable Number Tandem Repeat Analysis In A Sample Of
Iragi Patients And. Iragi Journal of Agricultural Sciences,52(5):1185-1193.

CLSI. (2020) . Performance standards for antimicrobial susceptibility testing. 30th ed. CLSI guideline
M100. Wayne, PA: Clinical and Laboratory Standards Institute.

Falagas, M.E. and Karageorgopoulos, D.E. (2008). Pandrug resistance (PDR), extensive drug resistance
(XDR), and multidrug resistance (MDR) among Gram-negative bacilli: need for international
harmonization in terminology. Clin. Infect. Dis., 46: 2-1121.

Nakasone et al. (2007). Laboratory-based evaluation of the colorimetric VITEK-2 Compact system for
species identification and of the Advanced Expert System for detection of antimicrobial resistances:
VITEK-2 Compact system identification and antimicrobial susceptibility testing. Diagn Microbiol
Infect Dis. ;58(2):191-8.

Melissa Hernandez-Durén et al. (2017). Comparison of the MicroScan WalkAway and VITEK 2 Compact
systems for the identification and susceptibility of clinical Gram-positive and Gram-negative
bacteria. Investigacidn en Discapacidad. 6(3) ,105-114.

Abduljabar and Hassan (2023). Isolation and antibiotic susceptibility of E. coli and S. aureus from urinary
tract infections in Dohuk city, Irag. J Popul Ther Clin Pharmacol 30(14): e262—e267.

Alwash and Aburesha(2021). The Differences in Antibiotic-resistance among Several Staphylococcus
aureus strains in lrag. Medico-legal Update,21 (3), 476-485.

Naimi HM, Rasekh H, Noori AZ, Bahaduri MA (2017). Determination of antimicrobial susceptibility
patterns in Staphylococcus aureus strains recovered from patients at two main health facilities in
Kabul, Afghanistan. BMC infectious diseases.;17(1):737.

Eftekhar et al. (2017). Distribution of Adhesion and Toxin Genes in Staphylococcus aureus Strains
Recovered from Hospitalized Patients Admitted to the ICU. Arch Pediatr Infect Dis; 5(1): €39349.

Al Ani et al (2018). Molecular Screening of Adhesion Proteins Genes in Staphylococcus aureus Strains
Isolated from Different Clinical Infections in Baghdad City and Identification of Their Relationship
with Some Virulence Factors. ANJS, 21(1), 79-89.

Mohammadi et al. (2020). Molecular Detection of Genes Involved in Biofilm Formation in
Staphylococcus aureus Strains Isolates: Evidence from Shahid Motahari Hospital in Tehran.
Jundishapur J Microbiol.13(7): e102058

Journal of Scientific Research in Medical and Biological Sciences

https://bcsdjournals.com/index.php/jsrmbs



https://bcsdjournals.com/index.php/jsrmbs
https://pubmed.ncbi.nlm.nih.gov/?term=Nakasone+I&cauthor_id=17300904

