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Abstract: Staphylococcus spp. is one of the most important pathogens that cause nosocomial infections.
This study aimed to isolate and identify Staphylococcus spp. from different human clinical samples in Egypt
hospitals andstudying some virulence factors of these isolates. Determination of virulence factor is an important
in recognition of bacterial invading toolswhich cause pathogenesis, which may serve as new targets in drug
development. A total of 50 strains of Staphylococcus spp. were isolated from 200 clinical specimens from
wound, abscess, sputum, diabetic foot, urine, blood and other sources coming from patients of three Egyptian
hospitals. 54% of the isolates were coagulase positive Staphylococcus spp. (CoPS) and 46% coagulase
negative Staphylococcus spp. (CoNS). among (CoPS) strains, 11.1% has the ability to make alpha hemolysis
on blood agar and 48.1% has the ability to make beta hemolysis and 40.7% have no ability to make hemolysis.
92.2% of coagulase positive strains have the ability to produce biofilm with 20% strong degree and 7.4% of it
has not while 46% of the coagulase negative strains have the ability to produce biofilm with 25% strong degree
while 21.7% cannot produce it. Coagulase negative strains have no ability to produce staphyloxanthin
pigment, while 22% of coagulase positive strains have the ability to produce it with different degrees and 56%
cannot. 22.2% of coagulase positive strains exhibits resistance to oxacillin antibiotic while 22.2% intermediate
and 55.5% sensitive, on the other hand, Vancomycin resistant strains were 7.4% of total CoPS while 92.3%
sensitive.
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INTRODUCTION recently emerged and has

been reported to cause

Staphylococcus spp. is one of the important
pathogens of humans; these bacteria are widespread in
nature and can be recovered from environment or as
commensally inhabitants of the skin, mucous
membranes and other body sites in humans and animals
[1, 2]. It causes various diseases, food poisoning,
pneumonia and toxic shock syndrome [3, 4].
Staphylococcus aureus is an important pathogen that
causes different disorders. These bacteria has a tools with
which these bacteria spread to the deeper soft tissues or
invade the bloodstream causes severe clinical
complications [5]. In addition, S.aureus, especially
methicillin-resistant S. aureus (MRSA), often causes
serious problems via nosocomial infection in hospitals
[6, 7]. Furthermore, community-acquired MRSA has

serious infectious diseases, sepsis and pneumonia [8, 9].
exotoxins, such as
hemolysin, enterotoxins, coagulase, toxic shock syndrome
toxin-1(TSST-1) and protein A, which are associated with
specific diseases [10]. The clinical importance of S. aureus
is attributed to notable virulence factors, surface proteins,
toxins and enzymes, biofilm formation as well as the rapid
development of drug resistance [11]. S. aureus strains are
also have the ability to produce golden carotenoid
pigment, staphyloxanthin that acts as a bacterial
antioxidant which protects the pathogen from the host’s
immune system in the form of reactive oxygen species
[12, 13]. The aim of this study was to study the
occurrence of some virulence factors produced by
Staphylococcus strains isolated from patients in three
Egyptian hospitals.

S aureus can secrete several
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MATERIALS AND METHODS

Materials:
Microorganisms:

*  American type culture collection strain ATCC 29213.

*  Clinical isolates:

* (Code A): 33 Staphylococcus spp. strains from Arab
Contractors hospital.

*  (Cod B):11 Staphylococcus spp. strains from Banha
teaching hospital.

* (Code C): 6 Staphylococcus spp. strains from Banha
university hospital.

Media

Blood Agar Base Medium (Difco) [14]: Blood Agaris a
general purpose enriched medium often used to grow
fastidious organisms and to differentiate bacteria based
on their hemolytic properties [15]. Also used for maximum
recovery of fastidious microorganisms. Blood Agar Base
media are specified in standard method procedures for
food testing [16]. It consists of 10g/l Meat extract, 10 g/l
Peptone, 5 g/l Sodium chloride and 15 g/l Agar. pH
adjusted to 7.3+ 0.2 before sterilization, after sterilization,
cool to 45-50?C, add 5% v/v sterile defibrinated sheep
blood to sterile media then mix vigorously.

Trypticase Soy Agar (Oxoid) [16, 17]: This medium is
used for the cultivation of a wide variety of
microorganisms and commonly used as a maintenance
medium for culture collections and testing bacterial
contaminants in cosmetics [18]. TSA mainly used to
determine hemolytic reactions of bacteria [37]. It consists
of 15g/1 Tryptone (pancreatic), 5g/1 Soybean meal, 5g/1
Sodium chloride and 15 g/l Agar. PH adjusted to 7.4 + 2.0
before sterilization.

Manitol Salt Agar (Difco) [19]: Mannitol Salt Agar is
highly selective and specimens from heavily contaminated
sources may be streaked onto this medium without danger
of overgrowth [38]. Mannitol Salt Agar is recommended
for isolating pathogenic staphylococci from clinical
specimens, cosmetics and microbial limit tests [21, 20, 39].
This medium composed of5g/l Enzymatic digest of casein,
5g/1 Enzymatic digest of animal tissue, 1g/l1 Beef extract,
10g/1 D- manitol, 75g/1 Sodium chloride, 0.025g/1 Phenol
red and 15g/l Agar. pH adjusted to 7.4 = 2.0 before
sterilization.

Methods

Samples Collection: Specimens were collected from
blood, abscess, pus, sputum, urine, wound swabs and
cerebral spinal fluid from patients of three Egyptian
hospitals; during 2012.

Identification of S. aureus: Standard microbiological
methods for the identification of Staphylococci strains
were applied. All specimens were inoculated onto manitol
salt agar and incubated at 37°C. After incubation, suspect
colonies were examined by Gram staining. The colonies
with morphologies compatible with Staphylococcus spp.
were transferred to Tryptic Soy Broth (TSB) (Oxoid) and
Tryptic Soy Agar (TSA) (Oxoid). After growth,
staphylococci were identified on the basis of colony
characteristics, Gram staining, pigment production,
hemolysis and the following biochemical reactions,
Catalase activity, coagulase test (human plasma) and
manitol fermentation, finally a full biochemical tests by
BIOMERIEUX VITEK2 SYSTEM [20, 22, 40, 41].

Determination of Some Virulence Factors

Coagulase Test: Coagulase test is based on the ability of
S. aureus to produce a protein product called coagulase.
The test is usually carried out to differentiate the
pathogenic S. aureus from other strains or species of
staphylococci. There are two types of coagulase; Bound
coagulase (clumping factor) which converts fibrinogen
directly to fibrin without requiring a coagulase reacting
factor this type can be detected by the rapid slide
Coagulase (SC) technique [23]. This test was performed
on a clean slide using a sterile dropper; place a small drop
of water or saline on the appropriate end of the slide as a
control then place a small drop of human plasma on the
opposite end of the slide, with a sterilized loop or
applicator stick, collect cells from one colony and emulsify
the cells in the water (or saline) and then in the drop of
plasma, watch for clumping within 10 seconds of adding
the bacterial cells to the plasma, The control drop, saline
or water, should show no clumping of bacterial cells.
The clumping will become more visible if the slide is
rocked gently in a figure 8 motion. The second type of
coagulase is free coagulase which converts fibrinogen to
fibrin by activating a coagulase reacting factor present in
plasma which can be detected by the clumping of bacterial
cells in the tube coagulase (TC) technique. Free coagulase
activity was determined by the method described by
Quinn et al. [2], several colonies of each organism were
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mixed with 0.5 ml of citrated human plasma in a sterile test
tube. The tube was incubated at 37°C and examined after
4 and 24 h. Clot formation at either reading was recorded
as positive.

Hemolysin Production: Alpha-hemolysin was evaluated
on TSA supplemented with 5% washed human
erythrocytes. The plates were incubated for 24 h at 37°C,
when positive samples showed a wide zone of complete
hemolysis with blurred edges. Beta-hemolysin was
evaluated by plating strains on 5% sheep blood TSA.
The plates were incubated at 37°C for 24 h and then
overnight at 4°C, when positive strains showed a wide
incomplete hemolysis with sharp edges.
Non-hemolysis on 5% sheep blood TSA was evaluated as
gamma hemolysis [1, 24]. A quantitative hemolysin assay

zone of

method was adapted from the previous method [25].
The lysis efficacy of human red blood cells was measured
with whole cultures of S. aureus. In brief, S. aureus cells
were diluted at 1:100 with an overnight culture in TSB
37°C for 16 h with shaking at 250 rpm. The cell cultures
(50 pl including cells and culture supernatant) were added
into diluted human red blood cells that had previously
been separated by centrifugation at 900xg for 5 min,
washed with PBS buffer three times and diluted at 3% of
red blood cells in PBS buffer. For hemolytic activity, the
mixture was incubated at 37°C for 1 h with 250 rpm
shaking. The supernatant was collected by centrifugation
at 16,600xg for 10 min and the optical density was
measured at 543 nm.

Biofilm Formation: Quantitative determination was
carried out by the Micro plate method (MP) proposed by
Pfaller et al. [26] using tissue culture plates of 96 flat
bottomed wells. Each well was filled with 0.2 ml of 10°
CFU/ml of a bacterial suspension in TSB. After 24h
incubation in aerobic condition at 37°C, the contents were
aspirated and plates were washed twice with phosphate
buffered saline (PBS, pH: 7.2). The wells were stained with
0.1% crystal violet for 2 min. The plates were read in an
enzyme-linked immunosorbent assay (ELISA) reader
(BioTecan, ELx808) to 492 nm. Sterile TSB was used as a
negative control. All the experiments were repeated at
least twice and the values of optical density (OD) were
then averaged. A three grade scale was used to evaluate
the strains slime producing ability by comparing with
OD of negative control or cut off (ODc): no biofilm
producer or (-):= ODc; (Weak): = 2x ODc; (Moderate): 2x
ODc < ~ = 4x ODc; (Strong): > 4x ODc.
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Staphyloxanthin Assay: The bright golden coloration of
this virulence factor facilitates the virulence screening by
the simple observation of color [27]. Also, a quantitative
carotenoid assay method was adapted from the previous
method [28]. In brief, cells were re-inoculated at 1:100
dilution in TSB medium and incubated for 16 h at 37°C.
Cells (1 mL) were then collected by centrifugation at
16,600xg for 1 min and washed with 1 ml of phosphate-
buffered saline (PBS). At this point, cell pellets were
photographed to compare the staphyloxanthin
production. For the extraction of carotenoid pigments, the
cell pellets were resuspended in 0.2 mL of methanol by
vortexing and this mixture was heated at 55°C for 3 min.
Pigment extraction was separated from cell debris by
centrifugation at 16,600xg for 10 min. This pigment
extraction step was repeated 3 times and the optical
densities of collected extractions were measured at 465 nm
using a spectrophotometer. Each data point was averaged
from at least three independent cultures’.

Oxacillin and Vancomycin Resistance Assay: The
standardized Kirby-Bauer disc-diffusion method was
performed on Mueller-Hinton agar using antibiotics
oxacillin (1 mg); Vancomycin (30 mg); for testing
susceptibility of S aureus to either oxacillin as a derivative
of methicillin antibiotic for differentiating MRSA strains
from the clinical isolates, or Vancomycin for differentiating
VRSA strains [29, 30]. In brief, the Trypticase soy agar
(TSA) was poured into sterile petri plates and was allowed
to solidify. A suspension equivalent to 0.5 McFarland
was prepared from each isolate. A swab was dipped and
streaked on the surface of a TSA plates. Standard
antibiotic discs were introduced on the upper layer of the
seeded agar plate. The plates were incubated at 37°C for
18-24h. The experiment was carried out three times and the
mean values are presented. The antimicrobial activity was
evaluated by measuring the diameter of zone of inhibition
in mm.

RESULTS

Isolation and Identification of Isolates: Origin of isolates
and species distribution and primary morphological and
biochemical identification tests of the Staphylococcus
spp. is given in Table (1). From a total of 200 clinical
samples, 50 (25%) Staphylococcus strains were isolated.
These isolates were then differentiated into 27 isolates of
coagulase positive Staphylococcus spp. (CoPS) and 23
isolates coagulase negative Staphylococcus spp. (CoNS).
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Table 1: Isolation and primary identification of Staphylococcus spp. strains from the collected samples related to their sources

Coagulase test

Sample code Sample source Manitol salt agar (MSA) Gram stain Catalase test Tube Slide
Al Blood +RtoY* +ve cocci + + +
A4 Wound +RtoR +ve cocci + - -
A7 Wound +RtoY +ve cocci + + +
All Sputum +RtoR +ve cocci + - N
AlS Urine +RtoR +ve cocci + -

Al6 Diabetic foot +RtoY +ve cocci + +

Al8 Blood +RtoY +ve cocci + -

A22 Wound +RtoR +ve cocci + - -
A25 Ear-swab +RtoR +ve cocci + - -
A27 Wound +RtoY +ve cocci + + +
A28 Sputum +RtoR +ve cocci + N N
A29 Urine +RtoR +ve cocci + - -
A34 Wound +RtoR +ve cocci + - -
A39 Anal abscess +RtoY +ve cocci + + +
Ad4 Pus +RtoR +ve cocci + - -
A46 Urine +RtoR +ve cocci + - -
A47 Sputum +RtoR +ve cocci + - -
A55 Wound +RtoR +ve cocci + -

A59 Sputum +RtoR +ve cocci + - -
A63 Wound +RtoY +ve cocci + - +
A68 Nasal swap +RtoY +ve cocci + +
A71 Abscess +RtoY +ve cocci + +
A73 Endotracheal tube +RtoY +ve cocci + +
A77 Wound +RtoR +ve cocci + - -
A80 Sputum +RtoR +ve cocci + - -
A8l wound +RtoY +ve cocci + + +
A86 Ascetic fluid +RtoY +ve cocci + + +
A89 Wound +RtoY +ve cocci + + +
A91 Wound +RtoY +ve cocci + + +
A93 Sputum +RtoY +ve cocci + weak +
A95 Blood +RtoY +ve cocci + + +
A97 Wound +RtoR +ve cocci + -
A98 Abscess +RtoY +ve cocci + + +
B3 Wound +RtoY +ve cocci + +
B7 Blood +RtoR +ve cocci + - -
B10 Abscess +RtoY +ve cocci + + +
B11 Sputum +RtoY +ve cocci + weak +
BI15 Blood +RtoY +ve cocci + + +
B19 Wound +RtoY +ve cocci + + +
B25 casther +RtoY +ve cocci + + +
B26 Abscess +RtoR +ve cocci + - -
B32 CSF +RtoR +ve cocci + - -
B33 Urine +RtoR +ve cocci + - -
B36 Urine +RtoR +ve cocci + - -
Cl Wound +RtoY +ve cocci + - +
C4 Sputum +RtoY +ve cocci + + +
C6 Abscess +RtoY +ve cocci + + +
C10 Wound +RtoR +ve cocci + - -
CI15 Blood +RtoY +ve cocci + + +
C20 Anal abscess +RtoY +ve cocci + + +

*R to Y: red color of MSA converted to yellow color after incubation, (R to R) red color of MSA not converted after incubation, (+ve) positive, (-ve) negative
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Table 2: Coagulase production test for all Staphylococcus spp. Isolates

50 strains of Staphylococcus spp.

Coagulase Positive (%) Negative (%)
Bound (SC)* 27 (54%) 23 (46%)
Free (TC)* 22 (44%) 28 (56%)

*SC: slide coagulase TC: tube coagulase

Table 3: Production ofdifferent types of hemolysis by coagulase positive

Staphylococcus strains

Hemolysis 27strains of CoPS
Positive (%)

Alpha (e) 3 (11.1%)

Beta (3) 13 (48.1%)

Gamma () 11 (40.7%)

Table 4: Hemolysis degree of 13 strains producing [ hemolysis by

quantitative method

Strain code *0.D 546nm Relative hemolysis %
ATCC 29213 (C +ve)* 1.014 100
A7 (C —ve)* 0.025 0
Al6 0.321 31.6
A27 0.531 52.3
A39 0.24 23.6
A68 0.55 54.2
A8l 0.853 84.1
A91 0.947 93.3
A95 0.582 57.3
A98 0.084 8.2
B3 0.226 22.2
Bl11 0.325 32.1
B15 0.911 89.8
C15 0.996 98.2
C20 1.045 103

*OD: optical density * C-ve: control negative, *C+ve: control positive.

Determination of Some Virulence Factors
Coagulase Enzyme Production: Twenty three isolates of

Staphylococcus species have not the ability to produce
both free and bound coagulase enzyme and 27 isolates
have the ability to produce coagulase with different
degrees as shown in Table (2).

Hemolysin Production: Between coagulase positive
Staphylococcus strains which have high potential to
identified as Staphylococcus aureus there are some
strains have the ability to make alpha, beta and gamma
hemolysis and detected visually on blood agar plates,
recorded in Table (3). And the positive beta hemolysis or
complete hemolysis which can produce an important
virulence factor o hemolysin protein with different
degrees detected quantitatively by spectrophotometer by
using S. aureus ATCC 29213as positive control, clinical
isolate S. aureus C20 exhibit the most ahemolysin
producing strain. Results recorded in Table (4).

Staphyloxanthin Production: Qualitative determination of
staphyloxanthin pigment of Staphylococcus clinical
isolates showed in Table (6), among coagulase positive
isolate A98 identified as S. aureus and exhibit the most
staphyloxanthin producing strain according to control
positive S. aureus ATCC 29213, quantitative detection by
colorimetric method showed in Table (7).

Biofilm Formation: Qualitative and quantitative detection
of biofilm formation between fifty clinical isolates of
Staphylococcus spp. CoNS and CoPS recorded in
Table (5).

Oxacillin and Vancomycin Resistance: Between the
staphylococcus coagulase positive isolates A89 identified
as S. aureus and exhibit resistance to both Oxacillin and
Vancomycin antibiotics as shown in Table (8).

Table 5: Biofilm formation test for all Staphylococcus spp. Isolates illustrates strength degree

Biofilm Formation 50 strains of Staphylococcus spp.

23*CoNS (%)

27*CoPS (%)

Present 8 (46%) 25 (92.5%)

Strength Weak Moderate Strong Weak Moderate Strong
5(50%) 1(12.5%) 2(25%) 5(20%) 15(60%) 5(20%)

Absent 15 (21.7%) 2 (7.4%)

*CoNS: coagulase negative Staphylococcus spp., *CoPS: coagulase positive Staphylococcus spp.
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Table 6: Qualitative detection of staphyloxanthin pigment production for all
Staphylococcus spp. Isolates

50 strains of Staphylococcus spp.

Staphyloxanthin pigment 27*CoPS (%) 23*CoNS (%)

Present 11(22%) -
Absent 16 (56%) 23 (100%)
Total 27(54%) 23(46%)

*CoNS: coagulase negative Staphylococcus spp., *CoPS: coagulase positive
Staphylococcus spp.

Table 7: Staphyloxanthinproduction degree of 11 strains by quantitative
colorimetric method

Sample code Staphyloxanthin *O.D Percentage (%)
ATCC 29213(C +ve) 0.562 100
A25 0.087 15.4
A27 0.125 222
ATl 0.539 95.9
AT3 0.111 19.7
A98 0.551 98
B33 0.123 21.8
B25 0.506 90.0
Cl 0.421 74.9
Co6 0.306 54.4
C10 0.098 17.4
C21 0.213 37.9

*OD: optical density

Table 8: Oxacillin and vancomycin susceptibility test for 27 coagulase
positive Staphylococcus spp. Isolates

Sample code Oxacillin Vancomycin
Al 11mm (I)* 15 mm (S)
A7 15 mm (S)* 18 mm (S)
Al6 0 mm (R)* 5 mm (R)
Al8 17 mm (S) 19 mm (S)
A27 11 mm (I) 16 mm (S)
A39 13 mm (S) 15 mm (S)
A63 14 mm (S) 16 mm (S)
A68 14 mm (S) 15 mm (S)
A7l 12 mm (I) 15 mm (S)
A73 15 mm (S) 16 mm (S)
A8l 15 mm (S) 18 mm (S)
A86 15 mm (S) 17 mm (S)
A89 0 mm (R) 0 mm (R)
A91 14 mm (S) 18 mm (S)
A93 11 mm (I) 17 mm (S)
A95 0 mm (R) 16 mm (S)
A98 14 mm(S) 20 mm (S)
B3 15 mm (S) 21 mm (S)
B10 Omm (R) 22 mm (S)
Bl11 11 mm (I) 16 mm (S)
B15 0 mm (R) 18 mm (S)
B19 12 mm (I) 16 mm (S)
B25 15 mm (S) 17 mm (S)
Cl 14 mm (S) 15 mm (S)
C4 0 mm (R) 17 mm (S)
C15 20 mm (S) 18 mm (S)
C20 16 mm (S) 24 mm (S)
ATCC 29213 18 mm (S) 21 mm (S)

*S: sensitive, *I: intermediate, *R: resistance.

DISCUSSION

In this study, the determination of Coagulase
activity, hemolysis, biofilm formation, staphyloxanthin
production and drug resistance of the Staphylococcus
spp. clinical isolates was aimed. These virulence factors
were considered as bacterial tools for cause pathogenicity
and could be detected easily in laboratories [1, 31, 32].
Coagulase enzyme production is wusually usedfor
differentiate the pathogenic S.aureus from other strains or
species of staphylococci [23], in our study there are 25%
of total clinical specimens were primarily defined as
Staphylococcus spp. strains which reflect the importance
of this type of microorganism that transmitted readily in
hospital community and different medical tools. 54% of
the isolates were coagulase positive Staphylococcus spp.
(CoPS) which represent almost pathogenic Staphylococci
strains such as S aureus, while 46% coagulase negative
Staphylococcus spp. (CoPS). This considered an
opportunistic organism and may infecting some medical
tools and produce biofilm.

The most important virulence factor in
Staphylococcus spp. is hemolysins, which causes host
cells damaged by making pores in it. [33], which
contribute to pathogenicity in S aureus. Alpha hemolysin
readily lyses sheep, rabbit erythrocytes or human red
blood cells. Another one called beta hemolysin has
sphingomyelin-specific phospholipase activity, resulting
in partial cell lysis [32, 33]. In the present study, it was
determined that among (CoPS) strains there are 11.1%
have the ability to make alpha hemolysis on blood agar
and 48.1% have the ability to make beta hemolysis and
40.7% have no ability to make hemolysis or make gamma
hemolysis which indicate in generally, that beta hemolysis
was more in CoPS than alpha and gamma hemolysis; this
result might have originated from CoPS strains of which
nearly 54% of total isolates consisted of S. aureus with
beta hemolysis characteristics [33, 34].

Examination for biofilm formation could be a useful
indicator for the pathogenicity of staphylococci. Slime
production may reflect the microorganism’s capacity to
adhere to specific host tissues and thereby to produce
active colonies [35]. In our study there is 92.2% of
coagulase positive strains have the ability to produce
biofilm with 20% strong degree, 60% moderate degree and
20% weak degreeand 7.4% of it has no ability to
producing biofilm.While 46% of the coagulase negative
strains have the ability for biofilm production with 25%
strong degree,12.5% moderate and 50% weak degree
while 21.7% can’t produce it. This result confirmed by the
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previous study [36] who found that CoPS is more active
for biofilm formation than CoNS, they decided that CoPS
were represent 74.7% while CoNS were 36.7%.

Pigment, staphyloxanthin that acts as virulence
factor, being a bacterial antioxidant which protects the
pathogen from the host’s immune system in the form of
reactive oxygen species [32]. This character is specific to
S aureus and it ranged from gray to yellow golden color
with different degrees [27, 28]. In this study coagulase
negative strains have no ability to produce this pigment,
while 22% of coagulase positive strains have the ability to
producing it with different degrees and 56% have no
ability to producing this pigment. This result confirming
the suggestion that staphyloxanthin pigment, facilitate
pathogenicity of pathogenic types of Staphylococcus
species by protecting them from free radical which rises in
this study that the most commensal probability coagulase
negating Staphylococcus strains have no ability to make
this pigment while the most pathogenic probability
coagulasepositive Staphylococcus strains has the ability
to producing it with different degrees.

The S. aureus antibiotic resistance especially
methicillin resistant Staphylococcus aureus (MRSA) has
special interest in the recent years because high mortality
rates of it [8, 11, 28]. In our study 22.2% of coagulase
positive strains exhibit resistance to oxacillin antibiotic
while 22.2% intermediate and 55.5% oxacillin sensitive, in
the other way Vancomycin resistant strains were 7.4% of
total CoPS while 92.3% sensitive, which indicate that
antibiotic vancomycin could be used as antibiotic
treatment for MRSA infection. With a recommendation of
investigate an alternative therapeutic agents to avoid the
multidrug resistance.
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