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Abstract: Burns are the leading cause of death globally and the most severe type of trauma. resistant
to methicillin One of the most prevalent bacteria associated with burn wound infections is
Staphylococcus aureus (MRSA); nevertheless, antibiotic resistance in these strains has complicated
therapy. Biofilm generation, a virulence factor that enhances antibiotic resistance, is the cause of
treatment failure and recurrent staphylococcal infections in burn patients. In the current research,
50 samples were collected from burn and wound patients hospitalized to various hospitals in Erbil
city. Thirty S. aureus isolates were identified using culture, morphological characteristics,
biochemical tests, and Vitek's two compact methods. S. aureus generated yellow pigments on
mannitol salt agar. S. aureus isolates were treated with several distinct antibiotics. the majority of
isolates shown strong resistance to Ampicillin 100%, Ceftazidime 100%, Cefotaxime 100%, and
Amikacin 6.6%. All S. aureus isolates were examined for biofilm production, and 71% of them
produced robust biofilms. Impenem was the most efficacious antimicrobial drug against all S. aureus
isolates.
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1. Introduction

Staphylococcus aureus is the most dangerous species and the etiological source of
many diseases that affect both humans and animals. It can cause nosocomial infections in
hospitals and is isolated from the community, where it can affect the skin, bloodstream,
lower respiratory tract, and urinary tract [1]. It is a type of natural plant that grows on the
skin and in the nasal cavity. Nasal carriers of S. aureus comprise around 25-30% of the
population in good health [2].

Burns are the most prevalent and dangerous type of trauma [3], and they continue
to be a major public health issue and a leading cause of death globally [4,5]. In patients
hospitalised with burns, the risk of microbial colonisation and infection is quite high
because of the loss of protective barriers and the resulting decrease in cellular and humoral
defence [6]. One of the most prevalent infections in burn injuries is Staphylococcus aureus.
It has the potential to create a vast number of virulence factors, which are critical
inpathogenesis and infectious invasion [7]. A major contributing cause to both acute and
chronic infections that raise mortality rates and healthcare expenses is the global rise of
organisms with multiple drug resistances (MDRs), such as methicillin-resistant
Staphylococcus aureus (MRSA) [8]. The treatment of burn wound infections has been
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hampered by the challenge of selecting the right medications because of antibiotic
resistance [9, 10].

In relation to the research, biofilm formation serves a crucial role in the pathogenesis
and drug resistance of S. aureus strains, resulting in highly harmful bacteria [11]. The
severity of S. aureus infection is multifaceted, including its capacity to create biofilms and
escape the human immune system [12]. Biofilm keeps pathogens from host defenses and
hinders antibiotic administration, potentially slowing wound healing [13].

2. Materials and Methods
2.1 Collection of Specimens

A total of 50 burn patient specimens obtained from children, young people, adults
attending (West Erbil Emergency Hospital) and the relevant data have been collected from
every patient, Age and Gender, and residency. A swab was used containing a
transportation media, and then all burn samples transferred directly to the laboratory
within half an hour of collection for further processing.

2.2 Isolation and identification of S. aureus
Isolation and identification of S. aureus was based on the following characteristics:
2.3 Bacterial culture

Samples were inoculated on (Blood agar and Manitol salt agar), for this purpose all
disposable swabs have been spreaded on these two media in a disposable petri plates, then
incubated them overnight at 37 C.

2.4 Microscopic examination

This includes shape of the cell and reaction to gram stain. Smears prepared for
isolated bacterial culture, stained with gram stain and examined under 1light microscope
using oil immersion objectives lens [14].

2.5 Biochemical Tests

Three biochemical tests were performed for confirming this bacteria is Staphylococcus
aureus, Urease test, Catalase and Coagulase tests.

2.6 Vitek 2 compact system for identification of bacteria

The Vitek 2 system recognizes bacteria and other microbes by analyzing substrate
consumption patterns. Card selection based on the organism's growing circumstances and
gram stain. The Vitek 2 compact system delivers same-day, clinically relevant
identification and susceptibility test findings for the majority of organisms encountered in
the lab [15].

2.7 Antibiotic susceptibility test
2.8 Disk diffusion test

The disk diffusion sensitivity test was performed in accordance with the directions in
the CLSI article. Three or four colonies were selected during a culture grown overnight on
mannitol salt agar and transferred to 0.5 ml of phosphate buffered saline. The suspension
was adjusted to achieve turbidity levels equivalent to the 0.5 McFar and standard scale.
Within 15 minutes of adjusting the turbidity, a sterile cotton swab was placed into the
inoculum solution and spun numerous times against the front wall of the tube to get rid
of excess liquid. Mueller-Hinton plates were streaked three times, and the plate flipped 60
degrees between each streak to ensure uniform inoculation. The inoculated plates were let
to stand for 3 to 15 minutes prior adding the disks. Five antimicrobial drugs were utilized,
spaced no closer than 24 mm apart. Following organism inoculation and disk placement,
all inoculated plates were placed in an ambient-air incubator at 37°C for 18-24 hours. The
zones of inhibition were measured from the back of the plate to the nearest whole
millimeter using the ruler shown in table 3-6. The zone diameters of inhibition were
interpreted using the NCCLS criteria [16].
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Table 1. The standard inhibition zone of S. aureus for different antibiotics.

Antimicrobial Concentration Resistant Intermediate Sensitive
Symbol mm or mm or
agents (mcg) mm

less more

Ceftazidime 30 CAZ <14 15-17 >18
Ampicillin 25 AM <28 e =29
Amikacin 10 AK <14 15- 16 >17
Cefotaxime 30 CTX <14 15-22 >23
Imipenem 10 AM <13 14-15 >16

* Concentrations revealed above are according to Bioanalysis Company

2.9 Detection of hemolytic activity

The hemolytic activity of the bacterial isolates was tested by the blood agar plate’s
method. The bacterial isolates were cultured on blood agar (5 %) incubated at 37 °C for 24
hours. The zone of hemolytic production by the colony of bacteria was observed [17].

2.10 Biofilm formation of S. aureus

Biofilm formation in all isolates was detected by tube adherence method (TM). S.
aureus were grown in TSB and then stained with crystal violet.

3. Results
3.1 Collection of S. aureus isolates

Fifty burn, wound samples were collected from patients admitted to West Erbil
Emergency Hospital. Thirty isolates presumptively diagnosed as S. aureus, representing 60
% of total, a series of confirming tests were conducted to verify that all bacterial isolates
reclaimed belong to species of S. aureus.

3.2 Identification of S. aureus
3.2.1 Microscopic examination of S. aureus
Allisolates microscopically examined by gram stain, the result after staining showed
that S. aureus is a gram-positive purple grape shaped bacterium non-spore forming.
3.2.2 Culture media

Staphylococci colonies appeared yellow colonies with yellow zones on Mannitol Salt
Agar [18].

Figure 1. S. aureus on mannitol salt agar.
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3.3 Biochemical Tests

All isolates of S. aureus shows 100% positive results for urease, catalases and
coagulase as shown in the following figures below:

Figure 2. Shows S. aureus coagulases positive through slide method.

3.4 Identification of S. aureus by Vitek 2 system

All isolates of from burns samples have been subjected to Vitek 2 compact system
test to confirm identification of this pathogen. Using this technique showed that all isolates
were belong to one biotype according to 64 biochemical tests present in Vitek 2 compact
system. This system selected the isolates to the 96% as S. aureus.

Figure 3. Shows the identification probability and MIC for S. aureus by VITEK 2
compact system.
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3.5 Antimicrobial sensitivity screening test for S. aureus

Thirty S. aureus isolates were screened for their resistance to (5) widely used
antibiotics including (Ceftazidime, Amikacin, Ampicillin, Cefotaxime and Imipenem).
Table 2 revealed the percentage of resistance for bacterial isolates to different antibiotics
understudy. The resistance percentage for Ceftazidime, Ampicillin and Cefotaxime were
100%, and for Amikacin 6.6%, lastly for Imipenem shows no resistance, which means these
antibiotics was the best among them.

Table 2. Percentage of resistance bacterial isolates to different antibiotics.

Total No. of No. of resistant % of
Antibiotics . .
isolates Isolates Resistant
Ceftazidime 30 30 100%
Ampicillin 30 30 100%
Amikacin 30 2 6.6%
Cefotaxime 30 30 100%
Imipenem 30 0 0%

Figure 4. Antibiotic Susceptibility Test Performed against S. aureus by Using the
Kirby-Bauer Disk Diffusion Method on Muller-Hinton Agar.

Hemolytic activity of S. aureus isolates

In the present study, All S. aureus isolates 30 (100%) were (3- hemolytic producers.

S

Figure 5. Hemolytic activity of S. aureus.
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3.6 Biofilm formation of S. aureus

Using the TM technique, biofilm development was detected in 21 (71%) of the S.
aureus isolates. The incidence of antimicrobial resistance was higher in biofilm-producing
S. aureus than in weak biofilm and non-producers. Crucially, all weak biofilm and non-
producers of S. aureus were non-MDR, while the majority of biofilm-producing S. aureus
were multidrug resistant (MDR). While a significant percentage of biofilm producers were
confirmed to be MRSA, none of the biofilm non-producers were.

Figure 6. Biofilm formation of Staphylococcus aureus, tube No.1 showed very strong
biofilm formation according to the grouping of the bacteria that forms a ring around the
tube and at the bottom, tube No.2 also showed strong biofilm formation, unlike tube
No.3 that showed moderate biofilm formation, lastly tube No4. Showed very weak
biofilm production.

4. Discussion

This study was conducted for the isolation of S. aureus and determination of
antimicrobial sensitivity test for 5 different types of antibiotics. Our results showed that
the most effective antibiotics used in this study was imipenem, it is a class of carbapenems
that work against the bacteria by inhibiting their growth.

A study by Gitau et al., 2018 [19] done on Staphylococcus aureus collected from clinical
samples demonstrated that 50% of the samples were resistant to amikacin, which disagrees
with our result. Another result by Onifade et al., 2018 [20] conducted in Nigeria on
multidrug resistant bacteria agree with our findings, Staphylococcus aureus were sensitive
to amikacin antibiotic.

Rasmi et al., 2022 [21] reported that along with wound infection isolates the
percentage resistances of cefotaxime were 90% which agrees with our results, while other
result obtained by Ghimire et al., 2020 [22] showed that the isolates were resistance to
ceftazidime with 75% which was near to our results.

S. aureus demonstrated high resistance to Penicillin G, Chloramphenicol,
Azithromycin, Ampicillin, Erythromycin, Trimethoprim, Clindamycin and Methicillin,
which agrees with a result obtained by Maharjan et al., 2021 [23].

What makes MRSA different from a typical staph infection is its resistance to the
antibiotic methicillin and other common antibiotics, such as amoxicillin, oxacillin, and
penicillin. This means these antibiotics do not work on the infection. That's why a MRSA
infection is so difficult to treat. Also Gram-positive bacteria acquire resistance to beta-
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lactam antibiotics through the production of a protein called PBP2a (Penicillin-Binding
Protein 2a), which is able to avoid the inhibitory effects of the antibiotics.

Mahmoudi et al., 2019; Shehade et al., 2025 [24, 25] and Rashid et al., 2022; Hemmati
et al., 2024 [26, 27] reported that most of S. aureus were positive for biofilm formation,
which both agree with our findings.

Bacteria form biofilms in response to environmental stresses such as UV radiation,
desiccation, limited nutrients, extreme pH, extreme temperature, high salt concentrations,
high pressure, and antimicrobial agents.

A research done by Al-Khamis et al., 2025 [28] on biofilm production of S. aureus in
Iraq showed that all isolates were positive for strong biofilm formation which agrees with
our findings. Another study performed by Hiawy and Mukharmish, 2019 [29] in Al-Kut
city on molecular detection of biofilm genes in S. aureus like icaA, icaB and icaC, the study
showed most of the S. aureus isolates were carrying these genes which also agrees with our
results.

The agreement of biofilm production in Staphylococcus aureus across different
provinces of Iraq suggests that biofilm formation is a common virulence trait among
circulating strains. This may be due to shared genetic factors such as the icaADBC operon
and widespread selective pressure in clinical settings.

For the Imipenem antibiotic one of the research was done by Jaafar and Shareef, 2025
[30] in Babylon city on relationship between Staphylococcus aureus biofilm formation and
antibiotic resistance, their result were near to ours regarding the antibiotic resistance,
because their isolates showed only 9.25% resistance to imipenem while our isolates were
all resistant to imipenem.

The variation in antibiotic susceptibility of Staphylococcus aureus across provinces is
likely due to differences in antibiotic usage patterns, prescribing habits, and local
resistance development. In Erbil, the high effectiveness of imipenem may reflect lower
exposure and less resistance pressure, while in other areas, overuse or misuse of the same
antibiotic may have led to resistance. Additionally, the presence of different resistance
genes and strain types, along with variations in infection control practices, can influence
how effective certain antibiotics are from one region to another [31].

This study has several limitations, including a small sample size and restriction to
hospitals in Erbil, which may limit the generalizability of the findings. The lack of
molecular analysis of resistance and biofilm-related genes, absence of clinical outcome
data, and limited antibiotic panel also reduce the depth of the study. Additionally, the
method for biofilm detection was not specified, and the cross-sectional design prevents
analysis of trends over time.

5. Conclusion

Staphylococcus aureus was identified as the most significant and leading cause of
wound burn infections, making it the primary focus of this study. Antibiotic susceptibility
testing was conducted using five different antibiotics, revealing that S. aureus exhibited
high resistance to most of them. Among the tested antibiotics, Imipenem proved to be the
most effective. Notably, biofilm-producing strains of S. aureus demonstrated a strong
tendency toward antimicrobial and multidrug resistance. Therefore, regular monitoring of
biofilm formation and antimicrobial resistance profiles of S. aureus is essential for enabling
timely and effective treatment of wound infections.

Recommendations

a. Genetic site detection of S. aureus antibiotic resistance genes through molecular assay
and transformation.
Identification of Biofilm formation genes through molecular.

c. Furthermore, study, such as DNA sequencing of S. aureus, to determine the exact
function of certain virulence genes.

d. For more accurate results, large number of samples must be taken.
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