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Abstract---Background: Detection of of some genetic elements and 

virulence   factorse  from wound  contaminated in bacteria : Aims this 
study: is to show the genetic elements that are present in 

staphylococci which confer the ability of staphylococci to colonize and 

invade the skin Methods: This study included 12 Staphylococci 
isolates out of a total of 300 clinical wound samples. Patients were 

admitted to three main hospitals in Hilla city, Iraq, during the period 

from first  October, 2021 to the end of December 2021.. Results: It 

was observed that there staphylococci when classified according to 
coagulase synthesis , only 25 isolates of staphylococci (40.3%) are 

coagulase positive and the others 37 isolates (59.7%) are coagulase 

negative staphylococci. Among coagulase negative staphylococci , the 
most common species that are isolated in this study is S.epidermidis , 

followed by S.haemolyticus and S.hominis where as all coagulase 

positive bacteria are related to S.aureus. The diagnosis depends 
mainly on traditional techniqus and VITEC2 techniqus. these 62 

isolates are undergone to show the ability of bacteria to resist 

methicillin antibiotics. the results have indicated that only 7 isolates 
of S.aureus ,3 isolates of S.epidermidis , and one isolate for each S 

hominis and S.haemolyticus are resistant methicillin , where as only 

two isolates are found to be resistant to the antibiotics vancomycin 

which are related to S.aureus only. So , only 12 isolates (19%) of 
staphylococci are resistant to methecillin and only these isolates are 

subdected for molecular studies. Arginine catabolic mobile elements 

Aand B are investigated by using PCR techniqus , the results showed 
that only 4 isolates of S.aureus gave positive for ACM-A , and one 

isolates for each S.epidermidis , S.hominis and S.haemolyticus gave 

positive for this element , where as 5 isolates of S.aureus , 2 isolates 
S.epidermidis , one isolate for each isolates of S.hominis and 

S.haemolyticus gave positive resultes for ACM-B . 
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Introduction 

 

Staphylococci are gram positive bacteria that are seen as cocci under the 

microscope. according to its ability to produce coagulase enzyme , these bacteria 
are clasifified into coagulase -positive bacteria and coagulase -negative bacteria . 

(Marsilio, et al.,2018 ) The more bacteria related to this genus that is positive for 

coagulase is staphylococcus aueuse which is considered one of the most 
important pathogen in some chlinical cases in the human. However coagulase 

negative staphylococci should also be considered where there are two important 

species should be taken into account in some clinical cases such as 
staphylococcus epidermidis and saprophyticus (Balachander,et al.,2021)  

Although most species of staphylococci are considered as normal flora of the skin 

, but under certain circumstances , they will transform into opportunistic 
pathogens and their ability to produce different virulence factors (Tong,et 

al.,2015)  
 

Basides , according to the ability of staphylococci particularly staphylococcus 

aureus ,the bacteria is classified into methicilline resistance staphylococcus 

aureus (MRSA) and methicilline sensitive staphyloccocuse aureuse (MSSA)( 
Jayakumar,et al.,2021)  

 

This genus appears to be able to resistance different types of antibiotics , 

particularly B-lactam antibiotic ,However , vancomycin may be used for treatment 
some disease caused by this germ particularly staphylococcus amed that causes 

respiratory infection. (Stogios,et al.,2020) Staphylococcus aureus on the other 

hand possesses many virulence gene that share in its ability to cause a diseases. 
These virulence genes may be present as distractive loci or as genetic elements 

(Cheung, et al.,2021) The most important genetic elements , is arginine catabolic 

mobile elements which are present is staphylococcus aureus and staphylococcus 
epidermidis which confer the bacteria the ability to resist some heavy metals 

particularly copper ions, and also facilitate the bacteria to colonize the skin and 

mucus membranes (Al-Jabri,et al.,2021). The aim of this study is to detecte 
ACME among staphylococcus isolates. 

 

Materials and Methods 
Patients and Samples collection 

 

this cross-sectional study was designed to evaluate some virulence factors of 

staphylococcus bacteria isolated from patients with wound infections in Babel 
Governorate, Iraq. the study included 300 clinical samples from patients with 

wound infections of all ages and both sexes, in three main hospitals in Hilla City, 

Hilla Teaching Hospital, Imam Al-Sadiq Hospital, and Al-Kifl General Hospital, 
and outpatients. During the period extending from October 2021 until the end of 

December 2021, 300 clinical samples were collected in general from the site of the 

wound infection, using sterile transfer media and send directly to the laboratory 
for the purpose for culturing on blood agar and MacConkey agar Petri dishes, the 

collected specimen swabs were inoculated. For 24 hours, the plates were 

incubated aerobically at 37°C. The expanding colonies were then morphologically 
recognized and stained with Gram stain. Various biochemical assays were also 

carried out in order to distinguish and identify bacterium species. The catalase 
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test was used to separate Gram-positive cocci such as Streptococcus and 

staphylococcus species, followed by the coagulase test to differentiate 
Staphylococcus coagulase-negative and coagulase-positive strains. and used 

manitol  salt agar medium  ,novobiocin disc and VITEK2 system (Munyeshyaka,et 

al.,2021). 
 

Methicillin and vancomycin Screening test: 

 

It was performed by using a pure culture of previously identified bacterial isolate. 
The most effective antibiotic for each bacterial isolate was determined as 

recommended by CLSI, (2021). 

 
Place the appropriate antimicrobial-impregnated disc  on the surface of the agar , 

To add disc one at a time to the agar plate using forceps Sterilize the forceps by 

cleaning them with a sterile alcohol pad and allowing them to air dry or 
immersing the forceps in alcohol then igniting, Once all disks are in place, replace 

the lid, invert the plates, and place them in a 35°C air incubator for 18 to 18 

hours. Inhibition zones were measured using a ruler and compared with the 
zones of inhibition determined by   the antibiotic inhibits microbial growth, a clear 

ring, or zone of inhibition, is seen around the disc. The bacteria are classified as 

sensitive, intermediate, or resistant to an antibiotic by comparing the diameter of 

the zone of inhibition to defined thresholds which correlate with MICs. by disc 
diffusion method according to the ( CLSI ;2021). 

 

Detection of arginine catabolic mobile elements: 
 

We detected ACME  methicillin-resistance to Staphylococci 
isolates from patients , using PCR primers  ACME-A ( F- 5' -
GGATTCGCCCAAGTGATGACC-3´),  and the   R- 5' -GACTGCTGGGTATGACGT-3´)   

510 bp (McManus, et al 2017) The ACME-B ( F- 5' - 

CGATATCATCTATACCTAGTAC G-3´) and the (R- 5' - GAAAATCCTCAAGTAAGAAG 
TG-3´) , 510 bp (Ellington, et al., 2008) the conditions  of both two genes  95 C° 

for 2 minut  of Initial denaturation , 95 C° for 30 Sec  of denaturation , 55.6 C° for 

30 Sec of annealing , 72 C°  for 50 Sec of extension , 72 C° for 5 min of final 

extension and 35 cycle. 
 

Results and Discussion: 
 

clinical wound samples were collected from patients with infection in skin wounds 

(ages between 41 days and 72 years) of both sexes, who were admitted to three 

hospitals in Hilla city from first  October 1, 2021 to the end of December 2021. Of 
the 300 clinical wound samples, 286 (95%) were positive wound samples and 14 ( 

5%) were negative wound samples. 268 (95%) positive wound cultures ,were 

divided into 221 (73%) Gram-negative bacteria, and 65 (22%) Gram-positive 
bacteria based on Gram stain and culture  medium.   

 

Among gram positive bacteria 62 isolates of staphylococcus were isolated , while 
three isolates of other Gram-positive bacteria were excluded from this study as 

shown in Table (3-1)  
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Table (3-1) screening for the growth of bacterial isolates from wound infection : 

Isolates No.          % 

Gram negative bacteria 221         73% 

Gram positive bacteri 65         22%  

No growth 14         5% 

total 300        100% 

 
It wase noticed that the predominance bacteria isolated of superficial in Diabetic 

foot and skin ulcer were Staphylococcus The same results wase  found by 

(Kothari, et al.,2022) who found that  staphylococci wase  predominant  among 
Gram positive bacteria. 

 

In other study done by( Abass et al.,2022) who observed that   Gram positive  
bacteria recorded  (43.6%), which include S. aureus as predominant isolated 

bacteria  (34.14 %) isolates. 

 

However,  Staphylococcus aureus is the pathogen most frequently isolated in 
daibitic foot infection (DFI), with high drug resistance (Xie ,et al .,2017) .the  

results suggest that Saphylococcus  aureus strains obtained from chronic 

wounds seem to be more often resistant to antibiotics and harbor more virulence 
genes compared to strains isolated from blood.( Budzyńska,et al 2021) . 

 

Among of the 65 isolates that are positive growth related to the gram positive 
bacteria , 62 isolates (95.4%) are belonging to the genus staphylococci according 

to the Gram stain analysis , cultural features, biochemical characteristics, it was 

found that 25 isolates are positive for Coagulase which are mostly related to the  
S.aureus and the others 37 isolates are Coagulase negative shown in the table (3-

2) . 

 

Table (3-2) number of staphylococcus according to the type of wounds and some 
effect of antibiotics:  

Bacteria Source of 

wounds  

Coagulase 

positive 

stapyiococci 

Resistance to 

methicillin 

Resistance to 

vancomycin 

 

 
 

Staphylococci 

(62) 
isolates 

Wound 

 (41) isolates 
(66%) 

 

 
(25)  

isolates   

40.3% 

 

 
(12)  

isolates 

19.3% 

 

 
(2) 

 isolates 

3.2% 
Diabetic foot 

(14)isolates 

(22.8%) 

Post operate (4) 

isolates (6.4%) 

absces  

(3) isolates 
(4.8%) 
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Besides , methecilline resistant staphylococci are also detected among these 

isolates . It wase showed that only 12 isolates ( 19.3%) are resistant to this 

antibiotic and are classified with methicilline resistant staphylococcus. 

 
Also, among 62 isolates , only two isolate (3.2%) showed resistant to the antibiotic 

vancomycin, there isolates are classified with in vancomycin resist staphylococcus 

group. (the results are showed in table (3-2) 
 

However ,the 12 isolates that are ciassified with in MERSA , are also re-identified 

by using VITEK2 system to know the species of staphylococci and also these 
isolates are suspected for molecular studies. 

high drug resistance (Xie et al .,2017) , the results suggest that Saphylococcus  

aureus strains obtained from chronic wounds seem to be more often resistant to 
antibiotics and harbor more virulence genes compared to strains isolated from 

blood.( Budzyńska,et al 2021). 

 

VITEK2 system analysis showed that methicillin resistant staphylococci (12 
staphylococci) are diagnosed as the followimg : 7 isolates belong to S.aureus , and 

3 isolates belong to S.epidermidis and one isolate for each S.haemolyticus and 

S.hominis. Wherease both  two  isolates that are resistant to vancomycin is 
belonging to S.aureus . as shown in table (3-3). 

 

Table (3-3) prevalence of methicillin and vancomycin resistance                           
staphylococcus spp. 

Antibiotics 
type  

S.aureus 
25 (40.3%)  

S.epidermidis 
35 (56.5%) 

S.haemolyticu
s 

1(1. 6%) 

S.hominis 
1(1.6%) 

No. 

Methicillin  7(11.3%) 

 

3(4.8%) 1(1.6%) 1(1.6%) 12 (19.3%) 

Vancomycin 2(3.2%) 0 0 0 2(3.2%) 

  

According to the data obtained above it was shown that staphylococcus spp . can 

be obtained from different types of wounds where they are shaped the high levels 
of bacteria found in the skin and soft tissue . these results are identical to thate 

obtained by ( Zatout,et al., 2020) who found that staphylococcus spp . many be 

isolated from wound at high levels.        The same results are noticed by  (Bessa,et 
al 2015). Who said that staphylococci are the predominant in wound and skin 

infections.          Since coagulase is positive in 25 isolated bacteria , it is strictly 

related to S. aureus which is positive for this enzyme particularly the pathogen 
strains .        But only 12 isolates are resistance to methicillin and these isolates 

and shaped with 7 isolates for S.aureus , 3 isolates for S. epidermidis and one for 

each S.haemolyticus and S.hominis . these results are giving good signals for that 

methicillin resistance staphylococcus is not restricted for S. aureus but for other 
species of staphylococci . 
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3.2.Molecular detection of virulence factors: 

3.2.1-Detection of arginine catabolic mobile element (ACME) gene A&B in 

staphylococci isolated from woumd infections. 

 
Only twelve isolatet (19%) staphylococci which are resistant to methicillin sub 

dected for molecular studies where DNA sumply were previously obtained from 

these isolates by using Favor Prep Genomic DNA Mini kit DNA extraction kit. 
Atotal of 12 methicillin resistant staphylococcus spp isolates ACM-A elements is 

detected in 4 isolates of .aureus , and one isolate in each S.epidermides , S. 

haemolycus , and S. hominis . so , 7 isolates only (58.3%) are positive for this 
gene and 5. isolate (41.7%) give negative result for it. (as shown in fig : 3-1) . 

In contrast to ACM-B element, the results of this study showed only 9 isolates 

(75%) of staphylococci are positive for this gene and 3 (25%) negative isolates,  are 
distributed as the following , 5 isolates of S.aureus , 2 isolates of S. epidermides , 

and one of S. hominis and S.haemolyticus . as shown in fig (3-2). The results are 

summarized in table (3-4). 

 
Table (3- 4) detection of ACM-A &ACM-B element gene . 

Staphylococcus spp ACM-A ACM-B 

S.aureus          (7) 4 5 

S.epidermidis   (3) 1 2 

S.haemolyticus (1) 1 1 

S.honinis          (1) 1 1 

total 7 9 

 
Two mobile genetic elements are seen separately or togevther in staphylococci 

species isolated from patients with wound infections. 

These genetic elements when be present , thy are transferred from other bacteria 
by gene transfer mechanisms , so , they may  be present or absent depends 

mainly on such mechanisms . 

 
However , (Al- Jabri et al.,2021) have indicated that the genetic composition of 

ACM-elements and their distribution among staphylococci differ widely from one 

strain to another and from one species to another , these observations come 
correctly to the results of this study where the presence of these elements differ 

from one isolate to anothers. 

 

(Wu et al.,2020) was found that these elements particularly ACM-A and ACM-B 
elements may be present in som staphylococcus spp and they com mainly due to 

insertion of these elements by phage invasion or by transmissible vectors such as 

plasmids .the same observations are found by (Diep, et al .,2006) Who had 
indicated that elements were not found in staphylococci chromosome .  

 Indeed som studies found that these elements do not increase the virulence of 

staphylococci but they contribute in of staphylococci but they conterbute in of 
supporting the other virulence factors to increase transmission ( Diep,et al.,2006)( 

Highlander,et al.,2007) .  

 
But (O'Connor ,et al., 2018) showed that these elements may contribute in the 

virulence of staphylococci particularly in some cases of periodontitis to resist 

some environmental fueturs at oral cavity.  
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Almebairik,et al.,(2020) have observed that these elements when be present it 

may be located with chromosomal cassette elements (scc) and the later may have 
different elements that carry different virulence genes . 

 

In astudy done by Shamansouri,et al.,(2016) it way indicated that these elements 
are also present in other species of staphylococci such as S. epidermidis and 

these results conferm the results of this  study when ACME-A are present in S. 

epidermidis and other staphylococci.  

 
The methicillin-resistant S. epidermidis (MRSE) lineage was largely divided into 

three groups: two staphylococcus-2 clusters and one staphylococcus-23 cluster 

(Lee, et al.,2018) , S. epidermidis is a dominant reservoir of multidrug resistance 
genes, as demonstrated by horizontal gene transfer(HGT), according to multiple 

smaller scale and local investigations (Lee, et al.,2018; Dhawan,et al.,2015) , a 

common occurrence of SCCmec type IV and ACME element predominantly type I 
arranged in a composite island was discovered through genomic analysis. The 

genetic composition of ACME differed widely between isolates of the same or 

different staphylococcus spp (Al-Jabri,et al.,2021) , the results of this study are 
similar to those of our current study. 

 

 

 
Figure ( 3- 1 ) Gel  electrophoresis  of PCR product  of ACME-A  gene (510bp( the ( 

No.5, 8, 11 ,12,S.aureus . No,10,S.epidermidis.No ,7,S.haemolyticus. 

No,2,S.hominis) isolates with positive result for ACME-A from isolates wound 
infection  L= ladder(100-1500). The electric current was allowed at 80 volt for 1hr. 

 

 
 

 



 

 

1145 

 

 
Figure ( 3- 2 ) Gel electrophoresis of PCR product of ACM-B elements gene(510bp( 
the (No.1, 3, 5, 8, 11 ,12 S.aureus.No,4,10 S.epidermidis. No 7 S.haemolyticus, 

and No,2 S.hominis ) isolates with positive result for ACME-B from isolates wound 

infection  L= ladder(100-1500). The electric current was allowed at 80 volt for 1 
hr. 
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