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ABSTRACT: Staphylococcus aureus is a common colonizer in approximately 30% of healthy individuals, yet it is one of the most
frequently isolated species in community-acquired MRSA (CA-MRSA) infections. This study was conducted to isolate and identify
S. aureus from nasal cavities of patients with the common cold attending medical clinics in the Al-Hajjaj neighborhood of Kirkuk
city. Patients (age 1-60 years) were selected between November 1 and December 1, 2023. A total of 40 nasal swabs were collected,
and diagnostic tests were performed using cultural, microscopic, and biochemical methods.

Out of 14 randomly selected samples, 8 isolates of S. aureus were identified (20% prevalence), and all showed complete resistance
to vancomycin. Antibiotic susceptibility was tested using the disk diffusion method with 9 antibiotics. The isolates showed 100%
resistance to vancomycin and piperacillin, and 62% resistance to ceftriaxone. In contrast, sensitivity was observed to imipenem and
ofloxacin (100%), gentamicin (87.5%), amikacin and ceftazidime (75%), and ciprofloxacin (62.5%).

The study aims the prevalence of nasal S. aureus among cold patients and emphasizes the growing concern of multidrug resistance.
The findings suggest that the misuse or overuse of antibiotics, particularly without medical supervision, plays a significant role in
the emergence of resistant strains, which pose a challenge to conventional treatment approaches.
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Introduction

Staphylococcus aureus is a saprophytic microorganism isolated from the skin and mucous membrane in human respiratory tract.
Most often, this bacterium is found in people and causes infections such as bacteremia, pneumonia, skin and soft tissue infections
including abscess and boils, post-operative wounds, Toxic Shock Syndrome (TSS) and Scalded Skin Syndrome [1, 2, 3]

The name staphylococcus aureus was given from the Latin language because of the arrangements of spherical cells of the bacteria.
The word Staphylococci includes two parts: the first, Staphyle, in Latin, is again a term meaning a cluster of grapes and the part
cocci which means spherical. The term aureus which in Latin can translate to gold aspect of the bacterium was earned by these
bacteria due to the large yellow colonies they form [4]. They are facultative anaerobes that are chalked up to the category of Gram
positive bacteria, which has spherical shaped cells agglomerated in clusters that look like grapes. [5, 6].

It is going to have spherical cells having smooth surface morphology as seen by scanning electron microscope. The size of the cells
is from (0.5) to (1.0) micrometer, another unique feature for these cells consists of the thick cell wall, clear cytoplasmic membrane,
and the amorphous cytoplasm[7].The cocci are non-motile and does not produce spores. Normally isolated colonies of this bacterium
are smooth, convex, and may be yellow to golden yellow in color [8]. The key positive tests that are observed in the bacterial culture
are; catalase test which is positive, oxidase test which is negative, while Streptococcus spp. are catalase-negative and oxidase-
positive [9].

Golden pigment in colonies of Staph.aureus has exhibited strong association with carotenoids, which have been categorized in this
paper as a virulence factor owing to their ability to shield Staph.aureus from host immune system responses [10]. Staph.aureus is
known to produce enzymes that can split mannitol into lactic acid hence the yellow coloration around the colonies on salt and
mannitol agar medium it is halophilic because it can survive in sodium chloride salt [11, 12].

All S. aureus isolates that led to human disease produce coagulase, an enzyme that contributes to pathogenicity and is useful in
identification [13]. Many of these bacteria have a variety of factors that make them capable of infecting host tissues by facilitating
their ability to stick to tissues and avoid being neutralized or destroyed by the hosts immune system. Also, the ability to develop
resistance to several classes of antibiotics makes S. aureus a relatively hard organism to combat. To our knowledge, almost all
strains of S. aureus produce a variety of extracellular enzymes which could be supposed to be involved in tumour lysis or in
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neutralization of antibacterial reactions of the host. Some of these enzymes are proteases, and nucleases, lecithinases, and lipases.
Bacterial factors that contribute to bacterial disease include staphylokinase, hyaluronidase, and hyaluronidase because of the part
they play in lipid metabolism. Lecithins split the glycerol-phosphate bond Lecithin is a structural lipid of the cell membrane and as
such leads to dismantling and lysis of the host cells. Candida species are opportunistic pathogens that rarely cause disease in a
normal host but exhibit severe pathogenesis because of the rapid multiplication and spread in the host tissues and their ability to
produce many extracellular substances such as enzymes and toxins that are genetically controlled [14, 15].

Which allowed bacteria to form various mechanisms for the ability to resist several antibiotics. The spread of multiple resistance to
the Lactam, Tetracyclines, Chloramphenicol, Macrolides, Fluoroquinolones, and Aminoglycosides antibiotic class, makes a real
danger to public health, which questioned the scientists’ efforts to seek new antibiotics. However, bacteria are developing new
mechanisms of resistance, in addition to the possibility of transferring resistance plasmids between bacteria, as well as the occurrence
of mutations in the genes of beta-lactamase enzymes that work to convert antibiotics containing the beta-lactam ring from their
active form to their inactive form [16].

The initial identification of vancomycin carried out in 1953 came from a strain that was made earlier as Amycolatopsis orientalis
and was previously known as Nocardia orientalis found in the soil. The name vancomycin derives from the word Vanquish the name
is because vancomycin can Kills the infection causing Penicillin-resistant Staphylococcus aureus. After FDA approval in 1955 for
the penicillin-resistant Staph. aureus strains [17] it was first used clinically. It is the first demonstrated glycopeptide antibiotic that
is used in clinics and still the gold standard for the management of methicalin resistant Staphylococcus infections. The case of
vancomycin-intermediately resistant Staphylococcus aureus (VISA) was reported for the first time in 2019 [18].

In 2002 the first case of VRSA in the United States was reported in a patient with diabetes [19].

The mechanism of action of vancomycin and its antibacterial effect is through interference and prevention of cell wall formation in
sensitive bacteria [20]. The hydrophilic vancomycin molecule binds with a hydrogen bond to the terminal region of the Dalanyl-
Dalanine of the growing wall, which prevents the binding of the substrates in the growing peptide chain and glycan, and thus
prevents the subsequent step of Transpeptidation, which leads to cell wall degradation and bacterial death [21].

Vancomycin has been an enduring first-line antimicrobial for the management of MRSA infections for several years [22]. In the
recent past, Vancomycin resistance has become widespread among the Staph. aureus isolates itself and has been considered a major
public health issue [19, 23]. Some of the VRSA strains that possess genes that make them resistant against vancomycin are those
that are transferable by vanA and vanB plasmids. have said that the vancomycin resistance can cause thickening of the cell wall or
can be by overproduction of D-ala caused by a sequence mutation.

MATERIALS AND METHODS

1.Preparing the culture media

The entire culture media employed in the experiment (from the blood agar and mannitol agar plates) were prepared from the
manufacturer’s instructions from the supplier company. All culture dishes were sterilized in an Autoclave at 121°C and 15
pounds/inch 2 for 15 minutes and then left to cool to 45-50°C before being poured into Petri dishesjspanAll culture media were put
in an Autoclave at 121°C and 15 pounds/inch 2 for 15 minutes, let them cool until 45-50°C and then added them to Petri dishes.
Samples were put into 37°C incubators for 24 hours to check for contamination, then put back into refrigerators [24].

2.Specimens collection

A total of 40 nasal swabs were obtained from randomly selected participants from Kirkuk city community for both for the period
between 11/1/2023 to 12/1/2023. Swabs were obtained from a casual cold patient and data of the patient was also obtained. Cotton
wool sterile tipped swabs were used and sampled on to a transport medium and sent to Microbiology Laboratory at the college of
Education for Pure Sciences for culturing to develop confirmation.

3.Sample culture
Both Blood agar (BA) and mannitol (MA) were used for isolation of nasal swab using streaking and were agape all in an incubator
at 37 °C under aerobic conditions for 24 hrs of incubation.

4.DIAGNOSIS OF BACTERIAL ISOLATES

4.1Culture diagnosis

When the samples were sowed on the culture media, the colours, shapes, sizes, margin and height of the colonies that developed
were observed before studying their viscosity and their ability to hemolys blood using beta, alpha or gamma haemolysis according
to [25].
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4.2 Microscopic diagnosis

Identification at the Microscopic form was done by preparing smears from the suspected colonies and staining with the Gram stain
for the intended first test on the bacteria, which are the Crystal-Violet stain, lodin solution, 95% ethyl alcohol and Safranin stain.
Observations of the morphology of the cells and nature of their reaction to Gram stain was done using a compound light microscope
with an X100 oil lens as described by [26].

5.BIOCHEMICAL TESTS

5.1Catalase test

The method used for conducting the test was as follows. A little slice of a single colony of bacteria was pierced with a clean wooden
saburo stick and spread out onto a clean glass slide. A drop of catalase reagent H202 (3%) was placed in the sample, followed by
shaking the glass. Indications that the test was positive were bubbles appearing in the device. This study helped them test the ability
of bacteria to generate an enzyme called catalase which is needed to get rid of a harmful byproduct produced during cell respiration:
hydrogen peroxide, resulting in oxygen gas, O2 and water, H20 [27].

5.2 Oxidase test
Only a small amount from a 24 hours old growing culture was placed on filter paper moistened with Tetramethyl- p-phenylene
diamin dihyrochloride reagent. Having the colony change to deep purple within a minute indicates the test was positive [28].

5.3 Coagulase test

This test was done by taking one solitary bacterial coloney and its streaked on the surface of a clean glass slide to a drop of normal
saline solution was added and thoroughly mixed while to another streak of the bacterial coloney, a drop of blood plasma was added
and also mixed well. An affirmative end product was affirmed by the aggregation in <15 seconds as stated by[29].

6. Antibiotic susceptibility testing

On the basis of [30], isolates were tested to determine their response to antibiotics.

To prepare the bacterial suspension, | put 4 to 5 young humor from a 16- to 24-hour old bacterial culture on a blood agar plate into
a tube of physiological solution, mixed everything well and thummed the mixture.

2 - the cloudiness of the prepared bacterial suspension was then evaluated against the standard McFarland turbidity which was
similar to (0.5 McFarland) with about 1.5x10 bacteria /ml.

3- Brush the Mueller-Hinton agar plates which you have made to contain 1.5%, a double layer with the swab rotating overhead and
touching the bottom of the tube. After washing the dishes, they were left at room temperature for 5-10 minutes.

5- Afterward, antibiotic discs were aseptically moved to the top of the dish using previously sterilized forceps: a total of 5-6 discs
to a dish and the forceps were sterilized after each disc was picked up using flame.

5- Each dish was treated by incubation at 370 for 24 h after this, the rupture zone of each disc was measured and these isolates were
categorized as either sensitive or resistant to those antibiotics. The below table includes diameter in mm to show typical inhibition
zones caused by standard antibiotics.

Table (2-1) shows the types of antibiotics used in the study

Turkey Bioanalyse 10 CRO Ceftriaxone 1
Turkey Bioanalyse 10 IPM Imipenem 2
Turkey Bioanalyse 30 VA Vancomicin 3
Turkey Bioanalyse 15 CN Gentamicin 4
Turkey Bioanalyse 10 AX Amikacin 5
Turkey Bioanalyse 10 CIP Ciprofloxacin 6
Turkey Bioanalyse 5 OF Ofloxacin 7
Turkey Bioanalyse =30 CAzZ Ceftazidim 8
Turkey Bioanalyse 100 PRL Peperacillin 9

3. RESULT AND DISSCUSSION

3.1 Isolation

8 bacterial isolates were obtained which were (20%) S. aureus from the total forty nasal swabs from cold infected people from
medical complexes of Al-Hajjaj neighborhood in Kirkuk city both in male & female participants aged between 1-60 years between
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11/1/2023 to 12/1/2023 and 32 samples showed no bacterial growth or (80%) of total samples. The absence of bacterial growth may
be explained by the fact that the pathogenic agent may be a virus, fungus or one of the anaerobic bacteria which in this study have
not been grown with usual methods of aerobic bacteria culture, or because patients are taking doses of antibiotics [31].

3.2 Culture diagnosis

Primary identification of Staphylococcus aureus isolates was done by colony morphology after culturing the isolates on mannitol
agar medium aerobically at 37°C for 24 hours characterized by yellow colonies due to fermentation of mannitol sugar present in the
medium as indicated in Figure (3-1)

Figure (3-1) Staph.aureus bacteria growing on mannitol saline agar medium.

3.3 Microscopic diagnosis

It was observed under the microscope that Staphylococcus aureus as an example of the Gram-positive cocci, had round shaped
single cells of about 1-1.3 mm diameter tending to form clusters like grape- like clusters which gave evidence of their facility in the
process of dividing as shown in Figure (3-2).

Figure (3-2) The shape of Staph.aureus bacteria cells stained with Gram stain under a light microscope at a power of
(100x).

3.4 Biochemical tests and growth characteristics of staphylococci

These exercises were conducted to identify Staph. aureus bacteria. The findings revealed that all isolates were hundred percent
positive for catalase test [32]. all were hundred percent negative for oxidase test and plasma coagulase test. This affirmed the finding
of [33]. who pointed out that Staph. aureus bacteria are oxidase positive. This Coagulase test is one of the most crucial differential
tests between staphylococci because this enzyme coagulates blood plasma by converting fibrinoa to fibrin. They Coagulase enzyme
|
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is of two types, the clumping factor that binds directly to fibrinogen causing clumping in the wall of bacterial cell when plasma is
added to the bacterial suspension and is mentioned in table (3-2), figure (3-3).

Table (3-2) shows the biochemical test for Staph.aureus bacteria

%100 8 8 Catalase
- 0 8 Oxidase
%100 8 8 Coagulase

Catalase + Catalase -

Coagulase + Oxidase - Oxidase+

Figure (3-3) Biochemical test for Staph.aureus bacteria

3.5 Antibiotic sensitivity and resistance of Staphylococcus aureus by the source method (disc method)

The test was done according to the paragraph (2-6) in the material methods because, we tested the resistance of the isolates under
study which accounted for total eight isolates, against nine antibiotics and the diameter of inhibition was measured and isolates
demonstrated 100% resistance against the antibiotic Vanomicin (VA) [34]. and against the antibiotic Pepercillin by 100%,
Ceftriaxion by 62%, and the isolates also showed sensitivity to the antibiotic Imipenem by 100%, ofloxacin by 100%, Centamicin
by 87.5%, Amikacin by 75%, Ceftazidime by 75%, Ciprofloxacin by 62.5%. As in Figure (3-4)

The researcher [35]. reported that although the vancomycin, which is heavily clinically used has shown remarkable effectiveness
in preventing the emergence of resistance in Staphylococcus aureus, this antibiotic has displayed surprising effectiveness. Up until
now, 16 cases of VRSA have been reported in the United States. A quick look at evidence that is available demonstrates the role
played by the fitness cost as caused by the vanA operon, and it alone in contributing to the poor spread of VRSA.

This curative substance interacts in the final stages of peptidoglycan synthesis by binding to the routine D-Ala-D-Ala residues
found in UDP-MurNAc pentapeptides from gram positive microbes and influences how peptidoglycan is put together. So, cells are
unable to make cell walls and stay stuffed with pentapeptide complexes which make the bacteria highly resistant to vancomycin
[36, 37] .

Vancomycin resistance mediated by the vanA operon requires two essential processes:

1-Hydrolysis of peptidoglycans precursors bearing the D-Ala-D-Ala dipeptide that can bind vancomycin.

2-Synthesis of novel precursors with D-Ala-D-lactate unable to bind to vancomycin.

Methicillin-resistant Staphylococcus aureus (MRSA) remains a critical challenge in clinical settings due to its association with
elevated morbidity, mortality, and considerable healthcare costs. Recent meta-analytical evidence, encompassing randomized
controlled trials and observational studies, indicates that vancomycin—despite its extensive and longstanding clinical use—may
demonstrate comparatively reduced clinical efficacy and has been linked to a modest but statistically significant increase in
mortality. Although no substantial differences were observed in microbiological eradication rates, these findings underscore the
therapeutic limitations of vancomycin in the management of MRSA infections. Accordingly, these results emphasize the need for a
more nuanced, patient-centered approach to antimicrobial therapy that considers the severity of infection, host-related factors, and
clinical outcomes [38].
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Figure (3-4) Sensitivity and resistance of Staph.aureus bacteria to antibiotics

CONCLUSION

he results of this study indicate that Staphylococcus aureus isolated from the nasal cavity of patients with the common cold shows
notable resistance to several antibiotics, including vancomycin, with 100% resistance observed. This highlights the potential impact
of antibiotic use on the natural flora in the nasal cavity, as the isolates also exhibited resistance to other antibiotics such as penicillin
and ceftriaxone. However, the isolates demonstrated full sensitivity to antibiotics such as imipenem and ofloxacin. These findings
underscore the concern that antibiotic misuse, including the overuse of vancomycin, may contribute to the development of bacterial
resistance. Continued monitoring of Staphylococcus aureus resistance patterns in the nasal cavity flora is essential to understand the
potential long-term effects on public health. The results also emphasize the importance of targeted antibiotic use based on
antimicrobial susceptibility testing to preserve the effectiveness of available treatments.

RECOMMENDATION

Based on the findings, it is recommended to limit the use of antibiotics in cases where they are not necessary, especially for common
viral infections such as the common cold, to prevent disruption of the natural flora in the nasal cavity and the development of
resistance. Accurate diagnosis should guide the prescription of antibiotics, with careful selection based on susceptibility testing.
Furthermore, public awareness on the rational use of antibiotics should be promoted as part of public health policies. Continuous
monitoring of bacterial resistance in nasal flora should be prioritized, and further studies should explore the impact of antibiotic
treatments on different bacterial strains in the community.
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