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Article Info. Abstract

Antimicrobial resistance is one of the most significant global threats to human health in recent times, and it limits the
achievement of several of the sustainable development goals. Methicillin-resistant Staphylococcus aureus (MRSA) is
among the most essential multidrug-resistant bacterial pathogens. The study aimed to determine the prevalence of (MRSA)
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1. Introduction

The World Health Organisation (WHO) warned about the potential end of the era of effective antibiotics in 2014 [1]. Staphylococcus aureus
was included on the World Health Organization's (WHO) list of 12 pathogens that pose hazards to public health and for which the identification
of effective medicines is a priority three years later [2,3]. The family Staphylococcaceae consists of 40 different species of bacteria, both harmful
and harmless. Because of its multiple virulence characteristics, S.aureus is a primary causative agent of various illnesses. Infections caused by
S. aureus range from those affecting the skin and soft tissues to those affecting the urinary tract, the respiratory system, and even the skeletal
system. Sepsis, septic shock, and opportunistic infections are all possible outcomes of a staphylococcal infection [4-6]. To effectively combat
staphylococcal drug resistance in the future, it is crucial to comprehend the mechanisms of staphylococcal resistance [2]. In 1928, Alexander
Fleming found that mould might prevent staphylococci from multiplying. In this case, penicillin was the key element [6]. When Fleming
received the Nobel Prize for his discovery, he expressed concern that penicillin resistance might emerge. Only 20 years after penicillin's
discovery, the globe was ruled by staphylococcal strains resistant to this antibiotic, just as he had prophesied. Semi-synthetic penicillins (such
as methicillin) were introduced to treatment in 1959 as a reaction to the rising penicillin resistance. However, barely a year in the future, the
first methicillin-resistant S.aureus (MRSA) strain was found, and by the end of the next decade, MRSA was the leading cause of outbreaks in
hospitals worldwide. Several-resistantStaph. aureus (MRSA) isolates are created by the horizontal gene transfer of several clones of the
SCCmec chromosomal cassettes into S. aureus [7]. Molecular biology methods from the 1990s showed a clonal spread of S. aureus in a hospital
setting. Overuse of antibiotics effective against Gram-positive bacteria has led to the emergence of staphylococcal isolates resistant to the
commonly used macrolide, lincosamide, and streptogramin B classes of drugs. The erm and msr genes control resistance to MLSB antibiotics.
Due to its quick acquisition of resistance and the scarcity of treatment options available, methicillin-resistant Staphylococcus aureus (MAC-
MRSA) has emerged as one of today's most therapeutically significant bacteria [8]. While only around 40% of methicillin-sensitive S. aureus
(MSSA) strains are resistant to MLSB drugs, over 80% of MRSA strains are. Several mechanisms contribute to S.aureus's ability to resist
methicillin and macrolides, including altering the antibiotic's target site (through erm genes) and actively excreting macrolides within the
bacterial cell (by M.S.R. genes). Because of these processes, treatment options for MRSA infections are severely constrained [9,11]. Controlling
the extension of antibiotic resistance is essential because of the high incidence of MLSB resistance in MRSA isolates. Additionally, since S.
aureus has developed resistance to several life-saving antibiotics like vancomycin, the idea that older, less frequently used antibiotics like
macrolides remain effective in relating to staphylococcal infections appears promising in preventing the rise of new resistances [4]. The
effectiveness of macrolide antibiotics spans a wide range of bacteria.
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Nomenclature & Symbols

CFU Colony Forming Unit MRSA Methicillin Resistance S.Aueurs

CLSI Clinical and Laboratory Standards Institutes MSSA Methicillin-Sensitive S.Aureus

F.E.P Fisher's Exact Probability Test NCTL National Center for Teaching Laboratory
HA-MRSA Health-Care-Associated MRSA WHO World Health Organization

MSA Mannitol Salt Agar 1ZDs Inhibition Zoned Diametres

Dd Shape Letter

They have a broad spectrum of antibacterial activity, including against Gram-positive also Gram-negative bacteria. Although the spectrum of
actions for various macrolides may vary significantly, this is typically the case. These variations emerge because the pharmacokinetic parameters
are chemically structure-dependent [8]. Macrolides are the mainstay treatment for MSSA infections nowadays. Infections of the upper
respiratory tract, community-acquired pneumonia, the skin, the gut, and infections caused by Salmonella and Shigella are all treated with these
drugs. The macrolides have excellent cellular penetration, particularly into granulocytes and macrophages. Additionally, they accumulate to
substantial levels in cells as well as tissues. Since macrolides contribute to intracellular killing mechanisms, they are effective against pathogens
that can live only inside cells, including S. aureus [8]. In light of this, this research aims to investigate the MRSA isolates' phenotypic
susceptibility profile to a selection of macrolide antibiotics.

2. Materials and Methods

2.1. Specimen collection

One hundred and fifty clinical samples were isolated from different clinical sources of infections (Burn, diabetic ulcer, urine, sputum, wound
swabs, ear swabs) from the National Center for Teaching Laboratory (NCTL), Baghdad Teaching Hospital, Gazzi Al-Harrii Hospital, and AL-
Zafranya hospital.

2.1.1. Isolation and identification of S.aueurs bacteria

Samples were streaked on Blood-agar and Mannitol salt agar (M.S.A.). After overnight incubation, all the suspected colonies as S.aueurs were
subjected to further phenotypic tests, including colony morphology detection, gram stain method, catalase test, and coagulase test.

2.1.2. Methicillin resistance S.aueurs (MRSA) screening
Following protocaols, all strains were tested for methicillin resistance with oxacillin (1pg) and cefoxitin (30 pg) disc diffusion [12, 13].
2.1.3. The testing of antibiotic susceptibility

The disc diffusion (Kirby-Bauer) method was used to analyse MRSA isolates susceptibility profiles. McFarland 0.5 values were prepared of
bacteria and then inoculated onto Mueller-Hinton agar plates. The tested antibiotics included oxacillin (1pug) and cefoxitin (30pg), vancomycin
(30uQ), linezolid, clindamycin (2ug), erythromycin (15ug), azithromycin (15ug), doxycycline (30 pg) were distributed on the media. After 24
hrs incubation a 35°C, zone diameters were measured according to the guidelines of the Clinical and Laboratory Standards Institute (CLSI
2022). The zone inhibition diameters were explained.

2.1.4. Disk approximation test with erythromycin and clindamycin (D-Zone test)

The disc approximation test with erythromycin & clindamycin (D-zone test) was used to detect inducible clindamycin resistance, as suggested
by CLSI (CLSI, 2022). Overnight-grown organisms were used to make 0.5 McFarland suspensions, which were then used to inoculate and
distribute throughout the surface of Mueller-Hinton's agar plates. Discs of erythromycin (15 pg) and clindamycin (2ug) (Bioanalyzed, Turkey)
were spaced 15 mm apart on the inoculation plates. After incubating the plates for 18 hours at 35°C, the inhibition zoned diametres (1.Z.D.s)
was measured in the case of a flattening shape of the clindamycin inhibitory zone (D shape) around the erythromycin disk, which explained
that erythromycin had caused clindamycin resistance. The staphylococcal isolates can also be classified into several phenotypes. These include
the S phenotype, which (is sensitive to both erythromycin and Clindamycin); the R phenotype had constitutive resistance and was (resistant to
both erythromycin and clindamycin); the D phenotype was (resistant to both erythromycin and clindamycin) in a zone like D; and the D+
phenotype was (resistant to both erythromycin and clindamycin) in a zone like D with small colonies growing within the D zone [14].

2.2. Statistical analysis

Statistical Analysis System version (2021) program was utilized to determine the impact of various factors on the study's parameters. The Chi-
square test and Fisher exact probability (F.E.P) were used in this study to compare percentages significantly, and 0.05 was the level of
significance [15].

3. Results

Thirty-two MRSA isolates could be picked up from different sample types: 8/32 (25.0%) and 8 /32 (25.0%) isolated from burn and wound
swabs, respectively sample. In contrast, the lower cases of MRSA were isolated from sputum samples with similar cases 2/32 (12.50%), 1
(50.0%), Ear swab and diabetic foot ulcer samples had equal and percentages of MRSA isolates 4/32 (21.50%), 4/32 (21.50%) respectively as
arranged in Table 1.

Thirty- two MRSA infections could pick up from different samples type; there were equal cases 4 (66.7%, 80.0%,57.1%) cases recorded among
male groups at the age groups (31-40),(41-50),(51-60) years, respectively versus equal cases of MRSA infection 2 (50.0%,40.0%,33.0%) were
recorded at female age group (50.0%,40.0%,33.0%) respectively, these differences statistically were nonsignificant (F.E.P=1.95, p-value=0.85)
as arranged in Table 2.
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Table 1. Frequency and percentage of MRSA isolates isolated from various clinical samples

Clinical samples Total

Burn 8 (25.0%)
Wound swabs 8(18.75%)

Urine 6 (25.0%)
diabetic ulcer 4 (12.5.0%)
Ear swabs 4 (21.50%)
Sputum 2 (6.25.0%)
Total 32 (100.0%)

Table 2. Frequency and percentage of MRSA isolates isolated from various age groups (Years) distributed according to Sex

Sex

Age range (Years) Male Female P-value

(11-20) 2 (50.0%) 2 (50.0%) 4 (100.0%)
(21-30) 3 (60.0%) 2 (40.0%) 5 (100.0%) F.E.P=1.95
(31-40) 4 (66.7%) 2 (33.3%) 6 (100.0%) P-value=0.85
(41-50) 4 (80.0%) 1 (20.0%) 5 (100.0%) (N.S)
(51-60) 4 (57.1%) 3 (42.9%) 7 (100.0%)

>60 2 (40.0%) 3 (60.0%) 5 (100.0%)

Total 19 (59.4%) 13 (40.6%) 32 (100.0%)

The results of the antibiotic susceptibility test documented that all the S.auerus isolates were resistant to (penicillin 100,0%) and cefoxitin
(100.0%). In comparison, the sensitivity towards doxycycline antibiotic were (81.3%), and the majority of S.aueurs isolates were resistant
mostly against azithromycin (87.5%). A lower resistance rate was recorded against clindamycin (62.5%), as shown in Table 3 and Fig. 1.

The current study showed four phenotypic patterns in MRSA isolates (Fig. 1): ten (31.25%) observed sensitivity to E and CD antibiotics.
Eighteen (56.25%) were resistant to both E and CD antibiotics. Four (12.5%) showed resistance to both erythromycin and Clindamycin and
resembled a D-shaped zone, which indicates inducible resistance to clindamycin, as explained in Figs. 2 and 3.

Table 3. The results of the antibiotic susceptibility profile of MRSA isolates (n=32)

Antibiotic Abbreviation Conc. Sensitive (%) Intermediate (%) Resistance (%0)
Pencilline P 10 (V) - - 32 (100%)
Cefoxitin C.F.X. 30 (pg) - - 32 (100%)
Doxycycline DO 30 (M) 26 (81.3%) 5 (15.6%) 1 (3.1%)
Azithromycin AZM 15 (ug) 4 (12.5%) - 28 (87.5%)
Vancomycin VAN 30 (pg) 32 (100%) - -
Susceptibility profile of MRSA isolates (n=32)
100 -
< 80 -
(@)
S 60 -
o
O 40 -
—
[¢D)
Q. 20
0
P CEX AZM DO VAN
=S (%) 0 0 12.5 81.3 100
=1 (%) 0 0 0 15.6 0
"R (%) 100 100 875 3.1 0

Fig. 1. The results of antibiotic susceptibility profile of MRSA isolates (n=32)
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Fig. 2. Phenotypic representation of clindamycin resistance among MRSA

Fig. 3. Phenotypic representation of clindamycin resistance showing MRSA in M.H.A. media

4. Discussion

Antibiotics have wholly changed how bacterial illnesses are treated. Unfortunately, the selection and development of antibiotic-resistant bacteria
and a higher treatment failure ratio have resulted from the extensive and improper use of antibacterial medications in both human and veterinary
health and the food sector. [2] Staphylococcus aureus was included on a list of 12 pathogens released by the World Health Organisation (WHO)
that pose hazards to public health and for which the identification of effective medicines is a priority [2,3]. The family Staphylococcaceae
consists of 40 different species of bacteria, both harmful and harmless. Because of its multiple virulence characteristics, S. aureus is a primary
causative agent of a wide variety of illnesses. Infections caused by S. aureus can affect any part of the body, from the skin and soft tissues to
the urinary tract, the lungs, and the bones. Sepsis, septic shock, and opportunistic infections are all possible outcomes of staphylococcal infection
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[4,5].Understanding the causes of staphylococcal resistance is crucial for future success in the battle against drug-resistant bacteria [2]. Due to
the breakdown of the skin's protective barrier, microbes can swiftly colonize and multiply following a burn [16]. The findings of this study
revealed that 8/32 (25.0%) and 8/32 (25.0%) of MRSA infections were identified from burn and wound swab samples. Gram-positive bacteria
such as Staphylococcus species, Enterococcus species, and beta-hemolytic Streptococcus of group A are frequently involved in burn wound
infections. S. aureus is one of the leading bacterial causes of infections in burn wounds [17]. Conclusions from this study were harmonized
with the results of [18], who documented that S. aureus was the second most prevalent bacteria found in contaminated burn wounds, accounting
for 24.05% of the total samples. Our results were also in agreement with the results of [19], who documented that S.auerus is the most common
pathogen detected in burn and injury patients 30/57(52.6%) and 27(47.4%) isolated from burns and wounds, respectively. Inflammatory skin
surface microbes are classified as pyogenic bacteria, according to research by Ekawati et al. One of the pyogenic bacteria is S. aureus [20].
Also, Gilmara et al. and colleagues [21] found that nasal and skin colonization by Staphylococcus sp. may be a source for S. aureus colonization
of wounds and that S. aureus and MRSA colonize a sizable percentage of wounds. Another form of a wound is a burn; William et al. and
coworkers observed that MRSA, often spread in hospitals, is increasingly becoming the causative agent of invasive infection in burn patients
[22]. The frequency of MRSA infection was higher among males 19/32 (59.4%) than females 13/32 (40.6%). Regarding age groups, the
frequency of MRSA among male groups was primarily recorded in the third to sixth decade of ages, and These results were in agreement with
the results of [23], the study which documented that most groups have been infected with S. aureus in male was at (70-79) years. The results of
the test showed that the responses of the different bacterial isolates to the medicines were somewhat variable. This result was comparable to
that of a study [24], in which it was found that the isolates obtained from the investigation of the antibiotics used showed a resistance rate of
one hundred percent to the antibiotic penicillin at the highest rates. Bacteria were resistant to penicillin by 100, more significant than the 93.5
percent seen in earlier research [25]. This could be because the stimulating bacteria become more resistant to it over time as a result of its
irregular and ongoing usage.

Conclusions from the current study found that the isolates were resistant to doxycycline at a rate of (3.1%), which is not comparable to the
findings of [26,27], who recorded a resistance rate of doxycycline of 20.6% and 30%, respectively. azithromycin had a resistance rate of 28
(87.5%) of MRSA isolates, which was less low than the results of [28], who published that the resistance rate of MRSA isolates against
azithromycin was 92.5%. In comparison, this study's resistance rate of cefoxitin was 100%, which is higher than the results of [28], which was
97.5%. The resistance rate of all the MRSA isolates of this study was not observed resistance to vancomycin with 100% sensitivity, and these
results were approached with results of [29,30], who documented the MRSA isolates were high sensitivity to vancomycin at 4%,10% of the
resistance. Increased resistance to Macrolide-Lincosamide-Streptogramin type B antibiotics has been linked to the rise of methicillin-resistant
Staphylococcus aureus in both hospital- and community-acquired infections. As a result, therapy has become more challenging, which has
increased morbidity, hospitalization duration, and overall treatment costs. As a result, it is vital that isolates of S. aureus and their sensitivity
patterns, particularly towards methicillin, clindamycin, and erythromycin, are correctly identified and reported [13]. Based on our findings,
inducible resistance to clindamycin was present in 12.5% of all isolates tested. Our results were not harmonized with the results of [29], which
documented that the percentage of inducible clindamycin resistance among MRSA isolates was 13 (76.4%). The results of this study showed,
which depended on the phenotypic D-test that the sensitive, constitutive, and inducible resistance with D zone phenotypes isolates was
31.25%,56.25%,12.5%, which semi-harmonized with results of [13] who showed that the 32.3% of MRSA isolates revealed inducible resistance
with D zone, whereas 54.8 percent of isolates and 12.9 percent of isolates were found to have the sensitive and constitutive phenotypes,
respectively.

5. Conclusions

This study concludes that S. aureus (MRSA), with high antibiotic resistance, was the most prevalent from wound swabs and burn samples. The
results also observed that the MRSA isolates with sensitive and constitutive clindamycin resistance are more in number than the inducible
phenotype. The identification of inducible resistance in isolates of Staphylococcus aureus can be accomplished by utilizing the D-test. This test
can be implemented as a standard procedure in all microbiology laboratories, thereby aiding healthcare professionals in preventing treatment
failure associated with Clindamycin.
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