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Introduction

Gram-positive, coagulase-positive, catalase-positive 
Staphylococcus aureus (S. aureus) is an anaerobic bac-
terium that frequently results in nitrate reduction (1). 
S.aureus contributes to the normal flora of human skin 
and is one of the main sources of pyogenic illnesses (2). 
S. aureus is typically found in the upper respiratory tract 
and on the skin. They can act as a common pathogen of 
bloodstream infections, pneumonia, soft tissue and skin 
infections, postoperative wound infections, or device-rela-
ted infections (3) by entering deep within the bloodstream, 
joints, bones, lungs or heart (4). Additionally, S. aureus 
infects a host by secreting dozens of virulence factors that 
influence the host's immune responses. Such virulence 
factors include the release of exotoxins which account for 
around 10% of the entire secretome. Overall, S. aureus 
produces more than 40 recognized exotoxins having simi-
lar activities and strong structural similarities, but a deeper 
look says otherwise (5). Pathogenic S. aureus strains often 
promote infections by producing virulence factors such as 
potent protein toxins and extracellular enzymes such as 
lipase, urease, DNase, hemolysin (hly), β-lactamase, coa-
gulase (coa), and lecithinase (6, 7).  

As a result, in consideration of the facts previously 
mentioned, the productivity of some virulence factors of 
the extracellular enzymes (urease, hemolysin, coagulase, 
and catalase) from various clinical S. aureus isolates is 
examined. Additionally, the genes for the enzymes coagu-
lase (coa) and hemolysin (hly), which are encoded by PCR 
using specialized primers that target Co-specific of these 
genes, were also examined in 20 isolates.

Materials and Methods

Sampling 
  This study was carried out in the Marjan Teaching 

Hospital from March 2019 to June 2019. Ethical appro-
val was received at the beginning of the research. Samples 
were collected from wounds (n=30), abscessed skin 
(n=35), and healthy people’s normal flora (n=35). The cli-
nical specimens have been adequately labelled, transpor-
ted, and prepared in accordance with the aerobic bacterial 
culture’s requirement.

 
Isolation and diagnosis 

  The samples were processed using established micro-
biological protocols, and suspected S. aureus colonies 
were examined extensively (8). Samples were cultured at 
37 C° for 24 h on both blood agar and mannitol salt agar 
(MSA), and isolates were analyzed consequently for phe-
notypic features, microscopy and biochemical tests by the 
reported protocol (9). All strains were grown as per the 
manufacturer's instructions and sterilized for 15 minutes at 
121°C I bar. The plates were examined for staphylococci 
morphology, and suspect colonies were recognized using 
standard microbiological procedures (Gram staining, cata-
lase reactions, and coagulase reactions) (10).

Investigation of some virulence factors
The isolate which has the ability to produce coagulase 

and hemolysin enzyme as virulence factors were selected 
for further investigations. Using various laboratory culture 
mediums, the efficiency of virulence factors of the extra-
cellular enzymes (urease, hemolysin, coagulase, and cata-
lase) was examined. For such purpose S. aureus isolates, 
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including ten normal flora as families sample (coagulase-
negative (5) and coagulase positive (5)), and ten clinical 
samples were selected to evaluate the presence of genes 
encoding the enzymes coagulase and hemolysin through 
polymerase chain reaction (PCR) by utilizing specialized 
primers that target Co-specific genes (coa and hIy), (Table 
1).

Results

Diagnosis of Staphylococcus spp.
One hundred samples from the wound, abscess skin and 

normal human flora were collected to investigate the pre-
sence of S. aureus. The samples were cultured in nutrient 
agar containing either blood agar medium, nutrient broth, 
or MSA medium, respectively. Purification was done on 
several sub-culturing on corresponding media. Initially, 
Staphylococcus spp were diagnosed based on phenotypic 
characteristics and biochemical tests. When Staphylococci 
spp were viewed under a microscope, grape-like clusters 
having large round colonies were observed, as reported 
previously (11). Staphylococcus spp was further identified 
based on Gram staining, catalase, hemolysin, coagulase, 
sugar fermentation, and urea test.

Staphylococcal spp colonies obtained from selective 
media were all Gram-negative and catalase positive. In 
Figure 1, the growth of bacteria in the blood medium il-
lustrates clear zones of β-hemolysis. Still, the small diffe-
rence between the zone of β-hemolysis in the pathogenic 
and the normal flora sample is because of the environment 
in which bacteria grow.

S. aureus isolates and extracellular enzymes.
Overall, it was found that in 40 samples, S. aureus iso-

lates were present. Most S. aureus strains were isolated 
from healthy samples (50.0%) followed by wound (37.5%) 
and burn samples (12.5%) (Table 2). S. aureus can typi-
cally be found in humans in the skin, upper respiratory 
tract, and gut mucosa as a part of the normal microbiota. 
This explains the variation in the presence of S. aureus 
isolates in the sample (18). On the other hand, because S. 
aureus is categorised as a pathobiont, it can spread disease 
under specific host and environmental conditions (19, 20).
Moreover, isolated S. aureus strains were tested for the 
production of extracellular enzymes (a wide variety of 
exoenzymes) as virulence factors. 

The result revealed that S. aureus isolates from clini-
cal samples could produce all four tested enzymes i.e., 
catalase, coagulase, urease and hemolysin–ß. In a similar 
manner S. aureus isolates from families (mean strains) as 

normal flora samples were also able to produce enzymes, 
i.e., catalase, urease and hemolysin–ß, except coagulase 
70% (14 isolates) (Table 3). 

Correlation between bacterial enzymes production 

Primer Primer sequence (5'---------3') Expected gene size

Coagulase 5' ATA GAG ATG CTG GTA CAG G3' 
5' GCT TCC GAT TGT TCG ATG C 3' 1000-2500 bp

Hemolysin 5' GGTTTAGCCTGGCCTT 3' 
5' CATCACGAACTCGTTC 3' 100-1000 bp

Table 1. Primers used in the study.

Figure 1. Staphylococcal bacteria (pathogenic and normal flora) on 
the blood agar.

Figure 2. Bacterial growth on MAS medium.

Type of samples No. Urease test Coagulase test  Catalase test Hemolysis test 
Healthy people 20 100% 70% 100% 100%
Wounds 15 100% 100% 100% 100%
Burns 5 100% 100% 100% 100%

Table 3. The ability of S. aureus to produce some extracellular enzymes as virulence factors.

Type of sample S. aureus (n) %
healthy people 20 50%
Wound 15 37.5%
Burns 5 12.5%
Total 40 100%

Table 2. Bacterial distribution throughout the study population.
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On MSA, medium pathogenic S. aureus produces small 
colonies surrounded by yellow zones due to mannitol fer-
mentation which clearly distinguishes S. aureus from S. 
epidermidis (Figure 2) (12, 13). 90% of S. aureus strains 
are known for urease production (14) because it is impor-
tant for bacteria in environmental adaptation, pathogeni-
city, and protection against human immunity. As a result, 
urease synthesis was indicated by a vivid pink colour on 
the slant that extended into the butt after a few hours of 
incubation. A vivid pink colour showed urease production 
in Stuart's urea broth throughout the broth (15). 

Fibrinogen can be turned to fibrin by the protein en-
zyme known as coagulase, which is produced by several 
bacteria. It is used in the lab to differentiate between dif-
ferent Staphylococcus isolates. S. aureus is coagulase-po-
sitive generally, which is significant since it signifies that 

In Table 3, it was noticed that 30% of the S. aureus iso-
lated from the normal flora (from the hosts) did not produce 
coagulase, while all pathogenic samples produced selected 
enzymes at 100%. These findings remain consistent when 
repeating the examination after two weeks in the same 
samples and from the same people, which means that these 
bacteria are the bacterial fingerprint of these people and 
their inability to produce this enzyme can be relied upon 
as a distinguishing mark (Figure 3).

Molecular detection of coa and hly gene
A total of 20 S. aureus isolates, including normal flora 

as family’s sample (10) (coagulase-negative (5) and coa-
gulase positive (5)), and clinical samples (10) were selec-
ted based on their ability to produce coa and hly enzyme 
as virulence factors. To evaluate the presence of genes 
encoding the enzymes coa and hIy, a PCR test was perfor-
med. The result showed the presence of the hIy gene in all 
studied isolates, while the coa gene was present in all cli-
nical samples (10) but not present in 6 families isolation, 
as shown in Figures 4-6. 

Correlation between bacterial production of enzymes 
and gene analysis 

The obtained results signified the S. aureus ability to 
produce extracellular enzymes that express virulence fac-
tors. Still, there are some bacterial isolates from normal 
flora samples which did not produce coagulase enzymes 
even after repeating the examination more than once. 
Therefore, genes responsible for the production of these 
enzymes were examined, and it was found that only those 
isolates which were negative for the coagulase assay do 
not possess coa gene (Table 4).

Discussion

Figure 3. Enzyme production by S. aureus (N) and S. aureus (P). *P= 
Pathogenic. *N= Normal flora.

S. aureus isolates
Coagulase test Positive Negative 

Total
15 5
P(10) N(5) N(5)

coa gene + + (4) -(1) -
hly gene + + +

*P= Pathogenic. *N= Normal flora.

Table 4. The presence of coa and hly genes.

Figure 4. PCR results of coa gene of S. aureus bacteria isolated from 
healthy people using specific primer on agarose gel (5.1%) and 60 
volts for two hours.

Figure 5. PCR results of DNA isolates of S, aureus. bacteria isolated 
from healthy people, wound and burn infection using specific primers 
of coa gene on agarose gel (5.1%) and 60 volts for two hours.

Figure 6. PCR results of DNA isolates of S, aureus bacteria isolated 
from healthy people, wound and burn infection using specific primers 
of hIy genes on agarose gel at a concentration (5.1%) and a good dif-
ference (60) volts for two hours.
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a positive coagulase test indicated that S. aureus was pre-
sent in the determined sample (16, 17). A negative coa-
gulase test reveals the presence of organisms like S. epi-
dermidis or S. saprophyticus that are coagulase negative. 
More typically, opportunistic infection is associated with 
coagulation-negative Staphylococci species. (1). In most 
cases, isolated cultures were purified by serial dilution 
on reputable media, and the acquired pure cultures were 
maintained at 37°C for 24-48 h, then stored at 4°C in a 
refrigerator for further investigation. The find results are 
in accordance with the Abdul-Kareem et al., findings who 
reports the presence of hIy gene (virulence factor of hae-
molysine enzyme) in S. aureus isolate from burns, wounds 
and skin flora (21). Similarly, it is also reported that most 
strains of S. aureus are the producer of the coa enzyme as a 
significant virulence factor of pathogenicity (22-24). This 
result helps to link the existence of a relationship between 
people and isolated bacteria, which helps in the diagnosis 
and identification of bacterial fingerprints for families.

The S. aureus isolated from pathological conditions 
and a healthy person can produce some virulence factors 
extracellular enzymes such as coagulase enzyme, catalase, 
hemolysin, and urease. While not all S. aureus isolated 
from normal persons produced coagulase enzymes. From 
PCR analyses, it was revealed that this difference is due 
to the absence of the cos gene in S. aureus isolates from 
normal flora in comparison to clinical isolates where cos 
genes are detected in all selected samples.
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