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Abstract
The study was conducted to diagnosis Staphylococcus aureus from infection skin of sheep and its susceptibility to
important antibiotic, in addition to identifying some virulence factors activity. Eighty skin swabs were collected from infected
sheep in various areas from Baghdad Governorate from period (October 2019 to January 2020). The isolates were initially
recognized depending on their morphological shape, size, color, depending on Grams stain, biochemical test, and confirmed
by Vitek2 system. Isolates were phenotypically investigated for some virulence factors (hemolysin, lipase, amylase and
Detection of Protein A (Spa) activity). Further, the isolates were studied for their antimicrobial susceptibility patterns using
11 antibiotics commonly used. It was found that S. aureus isolates were evaluated for hemolysis production on sheep blood
agar. Alpha hemolysis 4(17.77%), beta-hemolysis 8(35.55%) and non-hemolytsis S. aureus 6(26.66%). While 18(100%) estimated
for lipase test whereas showed 3(13.33%) positive for amylase test and 15(66.66%) negative for amylase test then could not
detected of Protein A activity. Results of Antimicrobial susceptibility test expression all isolates were appearance
resistance18(100%) to Penicillin, Methicillin, Amoxicillin/Clavulanic acid, Cefixime and Aztronam while Variations in a result
for Vancomycin between resistance to Vancomycin11(48.88%) and 7(31.11%) consider as Intermediate resistance to
Vancomycin. on other hand most of isolates were sensitive to (Netilimicin18(100%), Chloramphenicol 16(71.11%), Tetracycline
15(66.66%), Clindamycin 14(62.66%), oxacillin 7(31.11%).
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Introduction
Staphylococcus aureus (S. aureus) is a Gram-

positive bacteria known to be considered as a major public
concern. And called a ‘Janus-faced’ bacterium, S. aureus
usages complex regulatory networks to sense various
signals that enable it to adapt to diverse environments
and modulate virulence. (Balasubramanian et al., 2017),
It was a commensal organism, Its remain one of the
furthermost intensively studied bacterial species in human
and animal pathogen, it is an adaptable, opportunistic
pathogen with capabilities to persist and multiply in a
variability of environments and causes a extensive scale
of diseases (Cucarella et al., 2004). The skin is a common
site of staphylococcal contamination in both humans and
animals (Misic et al., 2014). The skin and mucous
membrane provide excellent barriers against S. aureus
invasion of local tissue. However, the pathogen causes a
wide-range of infections including those of skin and soft
tissues extending from superficial skin infections to

serious and life-threatening deep tissue infections (Guerra
et al., 2017). The power of S. aureus to causes infections
is related to appearance of various virulence features
like surface proteins, biofilm, exoenzymes, exotoxins and
exfoliative toxins. All of these countenance bacteria to
adhere to tissues producing pathogenesis and invade the
immune system causing toxic effect (Costa et al.,
2013).S.aureus is also infamous for its ability to withstand
the arsenal of antibiotics currently available and for the
dissemination of various multidrug-resistant, S. aureus
clones limits therapeutic possibilities for a S. aureus
infection. (Kong et al., 2016). Administration of S. aureus
is complicated by the development of ‘super bugs’ that
have become resistant to multiple antibiotics, as in the
incident of methicillin-resistant and vancomycin resistant
S.aureus  (MRSA and VRSA, respectively).
(Balasubramanian et al., 2017). Lipase enzymes
contribute to bacterial pathogenicity due to their
importance in bacterial lipid breakdown. It is supposed
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that these enzymes must be present for staphylococci
to attack cutaneous and subcutaneous tissues and for
superficial skin infections like furuncles (boils), and
carbuncles to mature (Xie et al., 2012). Amylase is one
of the enzymes that has been secreted by S. aureus which
catalyzing the breakdown of complex sugars into
monosaccharides required to colonize and survive this
pathogen in any anatomical locales. (Lakshmi et al.,
2013).There are several types of hemolysin including ,
,  and -hemolysis (Kong et al., 2016). - hemolysis
was a beta-barrel that produces toxins that are secreted
as a water-soluble monomer(Oliveira et al., 2018). Also
plays an important role in the pathogenesis of S. aureus
skin and soft tissue infections (SSTIs) and especially
encourages dermonecrosis in animal infection models
(Kobayashi et al., 2015). -hemolysin is non-pore-
forming and has been described as a sphingomyelinase,
in addition to its well-known hemolytic function for
erythrocytes,it plays an significant role in skin colonization
by destroying keratinocytes. (Katayama et al., 2013). -
hemolysis has been Identified as a phenol-soluble modulin
(PSM) which does not need a receptor for its hemolytic
activity (Kong et al., 2016). Hemolysine affects red blood
cells, it forms a trans-membrane pore that lyses the cell
membrane at high concentrations (Verdon et al., 2009).
g-hemolysis are bi-component and made up of
polypeptides ( Kong et al., 2016).protein A (Spa) has a
number of immunosuppressive traits and is one of
S.aureus most important mechanisms of immune evasion.
SpA binds to the Fc portion of IgG, resulting in the bacteria
becoming coated in IgG bound in the incorrect orientation,
leading to decreased recognition by neutrophils and
consequently evasion of phagocytosis (Lacey et al.,
2016). Interestingly, protein A was identified even in the
intercellular space of keratinocytes by immunoelectron
microscopy suggesting that S. aureus colonizing skin is
internalized with protein A and causes local skin
inflammation. (Iwamoto et al., 2019).

The present study was identify and characterize S.
aureus isolates collected from sheep skin infection swabs
focus on detection of some virulence factors produced
by S. aureus isolates including(hemolysin activity, lipase
activity,amylase activity and detection of Protein A (Spa)
activity. Also in this study we determined the antimicrobial
patterns of the isolates of S. aureus isolated from skin
infection swabs which is a cornerstone in the control of
S. aureus infection.

Materials and Methods
Sample collection and there sources

A number of  80 swab samples of sheep skin infections

were collected randomly on moistened sterile cotton tipped
applicator from infected skin of sheep in 5ml of freshly
prepared tryptic soya broth (TSB) in a test tube under
complete hygienic condition from different areas in
Baghdad Governorate, from October 2019 to January
2020 and transferred immediately to the laboratory.
Isolation and identification of Staphylococcus aureus

Skin infections swabs were suspended in 5ml of
freshly Tryptic Soya Broth (TSB) in a test tube and grown
at 37°C for 24 hrs. The inoculum was than streaked on
Staphylococcal 110 (STAPH 110) agar, plates were
incubated at 37°C for 24 hrs. And sub-cultured on
Mannitol salt agar (MSA) plates and incubated for 24
hrs. at 37°C.
Gram stain

Each colony was examined by microscope.
Staphylococcus Gram positive bacterium (coccus)
occurs in pairs, or grapelike clusters (Cheesbrough, 2006).
Catalase test

This was used to differentiate Staphylococci from
Streptococci which are both gram positive. According
to (Cheesbrough, 2006).
Coagulase test

Bound coagulase (clumping factor): Coagulase
production was determined by slide test (Cheesbrough,
2006). Free coagulase Test: Coagulase production was
determined by tube test (Macfaddin, 2000).
Deoxy ribonuclease activity (DNase test)

DNase test according (MacFaddin,1985).
Phosphatase Test

According to (Quinn et al., 2011).
Gelatin hydrolysis test

Nutrient gelatin tube method Accoraing to (Anacarso
et al., 2013)
Capsule stain

Various types of methods are available for the
demonstrate of the presence of capsule here used
Anthony’s staining method (Hughes and Smith, 2007).
VITEK2 system diagnosis

The Vitek2 system with biochemical tests in table 1
to increase the confirmation of the diagnosis of
Staphylococcus aureus.
Phenotypic detection of virulence factors
Detection of hemolysin activity

Sheep blood agar (SBA) was streaked with a pure
culture of bacterial isolate to be tested and incubated at
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Table 1: Result of Vietek2 System of Staphylococcus aureus.
No. Test Name Abbreviation Results
1 D-AMYCDALIN AMY -
2 Ala-Phe-Pro ARYLAMIDASE APPA -
3 Leucine ARYLAMIDASE LeuA (-)
4 Alanine ARYLAMIDASE AlaA -
5 D-RIBOSE dRIB +
6 NOVOBIOCIN RESISTANCE NOVO (+)
7 D-RAFFINOSE dRAF -
8 OPTOCHIN RESISTANCE OPTO +
9 PHOSPHATIDYLINOSITOL PIPLC -
10 CYCLODEXTRIN CDEX -
11 L-porline ARYLAMIDASE ProA -
12 Tyrosine ARYLAMIDASE Tyra -
13 L-LACTATE alkalinization ILATk +
14 GROWTH IN 6.5% NaCl NC6.5 +
15 O/129 RESISTANCE O129R +
16 D-XYLOSE dXYL -
17 L-Asparatate ARYLAMIDASE AspA -
18 BETA- GLUCORONIDASE BGURr -
19 D-SORBITOL dSOR -
20 LACTOSE LAC -
21 D-MANNITOL dMAN +
22 SALICIN SAL -
23 ARGININE DIHYDROLASE1 ADH1 +
24 BETA-GALACTOPYRAANOSIDASE BGAR -
25 ALPH-GALACTOSIDASE AGAL -
26 UREASE URE +
27 N-ACETYL-D-GLUCOSAMINE NAG +
28 D-MANNOSE dMNE +
29 SACHHAROSE/SUCROSE SAC +
30 BETA-GALACTOSIDASE BGAL (-)
31 ALPH-MANNOSIDASE AMAN -
32 L-PYrrolidonyl-ARYLAMIDASE PyrA +
33 POLYMIXIN RESISTANCE POLYB +
34 D-MALTOSE dMAL +
35 METHYL-B-GLUCOPYRANOSIDE MBdG +
36 D-TREHALOSE dTRE +
37 ALPH-GLUCOSIDASE AGLU -
38 PHOSPHATASE PHOS +
39 BETA- GLUCORONIDASE BGUR -
40 D-GALACTOSE dGAL +
41 BACITIRACIN RESISTANCE BACI +
42 PULLUIN PUL -
43 ARGININE DIHYDROLASE 2 ADH2s +

37Cº for 24hrs. -Hemolysis generates a wide zone of
complete hemolysis with blurred edges on sheep blood
agar (SBA). -Hemolysis produces a wide zone of

incomplete hemolysis with sharp edges. -
Hemolysis is a narrow zone of incomplete
hemolysis with blurred edges -Hemolysis
cannot be seen on SBA, as it is inhibited by agar.
(Wang et al., 2020).
Detection of amylase activity

Nutrient Agar plates complemented with 2%
starch were used. Colonies of the isolates were
transferred to the plating of Starch Agar plates
and incubated at 37Cº for 48 hour. Plates was
then flooded with Gram’s iodine reagent
(Hemraj and Avneet, 2013).
Detection of lipase activity

Isolates were tested for lipolytic activity by
inoculation of 30 ml/L lipoidal emulsion in a
nutrient agar plates (1ml tween 80 and 100 ml
olive oil per 500 ml water (Atlas, 2010). The
plates were incubated at 37Cº for 48 hrs. and
then flooded for 15 min with saturated solution
of copper sulphate solution; greenish blue color
around growth indicates positive lipase enzyme
activity.
Detection of protein A (Spa) activity

Observation of Spa activity on dog-serum-
containing agar plate around the colonies. To
detect producibility of Spa on heart infusion agar
containing 1% natural dog serum (Hwang et al.,
1989). After overnight incubation on the plates
at 37Cº, the Spa producibility of these strains
was investigated in to Protein A halos around
grown masses of different S. aureus isolate.
Antimicrobial susceptibility testing

The Antimicrobial susceptibility testing by
using disc diffusion method were determined by
(Kirby-Bauer,1966) method on Muller-Hinton
agar and the results were compared according
to the Clinical laboratory standards Institute
(CLSI, 2017). Penicillin P(10U), Methicillin ME
(10µg), Amoxicillin/Clavulanic acid AMC (30 µg),
CefiximeCFM (5mcg), Aztronam ATM(30mcg),
VancomycinVA(30mcg), Oxacillin OX(5µg),
Netilimicin NET (30mcg), Chloramphenicol C
(30mcg), Tetracycline TE (30mcg), Clindamycin
DA (10mcg). The results of sensitivity against
antibiotic discs (zone of inhibition) were
categorized as sensitive (S), intermediate (I),
resistant (R).

Results and Discussion
Isolation and Identification of S.auerus



Out of 80 swabs 18(22.5%) were identificated as
Staphylococcus aureus  according to Grams
stain,culturing on( staph110,MSA) agar,biochemical test
and then comfirm by vitek2 system.
Biochemical Characteristics

All 18(22.5%) Staphylococcal isolates were showed
positive results for Catalase, Coagulase, phosphatase,
gelatinase test and DNase test.

The results of isolation of Staphylococcus aureus
in this study was agree with other studies (Hatemet al.,
2013;Rizket al., 2019:Al-Harbi,2011)who isolated
(20.8%)(15.75%)(12.37%) respectively.
Detection of virulence factors
Lipase activity

A variation of bacterial lipases is capable to hydrolyze
triglycerols for acquisition of nutrients. It was postulated
that lipase improves adhesion to host surface.
Undoubtedly, lipase plays a key role in the severity of
infection (El-baz et al., 2016). Lipases hydrolyze
triglycerides and diglycerides that release free fatty acids
as substrates for FAME (The exoprotein Fatty Acid-
Modifying Enzyme) is produced by S. aureus and S.
epidermidis and  esterifies  lipids with  cholesterol  or
primary alcohols to reduce their cellular toxicity), FAME
activity is inhibited by triglycerides and diglycerides, which
could explain why most skin isolated staphylococci have
lipase activity (Coates et al., 2014). Positive18(100%)
results for all sheep isolates in this study agreed with a
number of studies which confirmed that lipase might
contribute to virulence by enabling the bacteria to persist
in fatty secretions of mammalian skin (Rosenstein and
Götz, 2000; El-baz etal., 2016) and agree with study

Fig. 1: Positive result for lipase test.

Fig. 2: Positive result for amylase test.

( Hasan et al., 2014) who reported (96.1%.).
Amylase activity

In this study only three isolates 3(13.33%) showed
positive results for the amylase activity detected and
15(66.66%) negative for amylase test. As an explanation
of these results, we believe that the amylase enzyme is
not important in the severity of skin infections in sheep.
These results nearby with (Hasan et al., 2014 )who
reported negative results for amylase test.
Protein A (Spa) activity

When antibiotic susceptibility test the results
presented all isolates were 18(100%) Staphylococcus
aureus resistant to Methicillin and resistant to Oxacillin
11(48.88%) in addition all isolates 18(22.5%) possess
capsular when Anthony’s staining method was used to
demonstrate presence. all of these reasons could not
detected Spa activity on heart infusion agar containing
1% normal dog serum according to many studies explain
why not detected Spa activity, Here review to some
studies to confirm:-

Some methicillin-resistant strains of Staphylococcus
aureus (MRSA) have shown to express undetectable
levels of Protein A (Ruane et al., 1986; Roberts et al.,
1987; Wanger et al., 1992) .However, it has been shown
that all these strain have capsular
polysaccharide (Fournier, et al.,1989) The capsule is
capable of masking Protein A and thus preventing
agglutination.

More than 90% of the S. aureus clinical strains have
been revealed to own capsular polysaccharides (Thakker
et al., 1998). A predominance of capsular serotype 5
was also identified among oxacillin-resistant S. aureus
isolates (Fournier et al., 1987).

Protein A does not produce an anti-phagocytic effect
toward anti-capsule specific antibodies, in strains
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Fig. 3: Negative result for protein A (Spa) test.

Table 2: Detection of virulence factors (Amylase, Lipase and Spa activity) in sheep isolates.
Total & type isolates Amylase test Lipase test Spa activity Hemolysins activity

Positive Negative Positive Negative Positive Negative Positive Negative
Sheep18(22.5%) 3 (13.33%) 15 (66.66%) 18 (100%) 0.00 0.00 0.00 18 (100%) 0.00
Chi-Square (X2

) 11.85 ** 15.00 ** 0.00 NS 15.00 **
** (P<0.01).

expressing both capsular polysaccharide and Spa,
suggesting that capsule may interfere with Spa functions.(
Nanra et al., 2013) In addition, multiple examples of
adaptive responses have been reported where Spa and
capsule expression are inversely modified for example,
lower Spa expression and higher capsule production are
common phenotypic characteristics in Vancomycin
Intermediate S. aureus (VISA) strains (Kuroda et al.,
2000; McAleese et al., 2006; Howden et al., 2008;
Gardete et al., 2012; Jansen et al., 2013; McGuinness et
al., 2017).
Hemolysin activity

Hemolysis activity results showed that alpha hemolysis
was detected 4(17.77%) isolates while beta-hemolysis
8(35.55%) isolates and non-hemolytic(g-Hemolysis) 6

Fig. 4: Hemolysis activity.

(26.66%) isolates. High results for beta-hemolysis
detected in skin lesion isolates in this study underscore
the fact that this type of skin infection virulence confirms
that beta-hemolysis plays an important role in skin
colonization by damaging keratinocytes (Katayama et al.,
2013).
Antimicrobial susceptibility for S. aureus isolates

Antibiotics  widely used in farm animals to treat
various diseases, and for prophylaxis and growth purposes
(Waters et al., 2011), Misuse of antibiotics has led to a
wild world problem due to resistant development among
bacterial populations (Shryock and Richwine, 2010).
Determination the levels of antibiotics resistant in S.
aureus strains could serve to character this pathogen
and could be used to limit the dangers associated the
deteriorating in treatment of diseased conditions (Acar
and Rostel, 2001). Facing with the risk of animal origin
released from MRSA, the studies showed the widespread
occurrence of MARS in animal species and transmissions
in both directions were shown in human with several
studies. MRSA was therefore of great concern in both
veterinary and human medicine as it serious disease in
both sets of populations (Saleha and Zunita, 2010). Carrier
animals may in themselves serve as a reservoir for
sickness, and may transmit MRSA to other animals or
people (Ali et al ., 2017). Methicillin–resistant
Staphylococcus aureus (MRSA) has become significant
acquired pathogen in hospital and likewise livestock (LA-
MRSA) in recent years. MRSA associated with (LA-
MRSA) have been described worldwide in several species
(Persoons et al., 2009).

Antimicrobial susceptibility in this study was observed
S. aureus isolates from skin infection in sheep that all
isolates appearance resistance 18(100%) to Penicillin,
Methicillin, Amoxycillin/Clavulanic acid, Aztronam and
Cefixime.

Resistance to penicillins (PRSA) in this study was
found commonly among S. aureus isolates tested and is
closely related to many studies (Katayama et al., 2000;
Lee, 2003; Merlino et al., 2002; Khudaier et al., 2013 ).
Also in recent years, Staphylococcus aureus has
become one of the most dangerous pathogens due to its
increased resistance to b-lactam antibiotics and
vancomycin (Kuehnert et al., 2006; Friães et al., 2015).
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Table 3: Results of Antimicrobial susceptibilities test for S. aureus isolates.
Antibiotics Conc. No. of Intermediate No. of Intermediate Mean ± SE

Microgram/disk resistance sensitive resistance
isolates isolates

Penicillin P 10U 18(100%) 23.44 ± 0.57
Methicillin ME 10µg 18(100%) 0.00 ± 0.00
Oxacillin OX 5 µg 11(48.88%) 7(31.11%) 19.00 ± 0.00
Amoxicillin/Clavulanic 18(100%) 15.78 ± 0.78
acid AMC 30 µg
Vancomycin VA 30mcg 11(48.88%) 7(31.11%) 15.28 ± 0.61
Tetracycline TE    30mcg 3(13.33%) 15(66.66%) 25.96 ± 1.17
Netilimicin NET 30mcg 18(100%) 20.31 ± 0.47
Chloramphenicol C 30mcg 2(8.88%) 16(71.11%) 23.68 ± 1.22
Clindamycin DA 10mcg 1(4.44%) 3(13.33%) 14(62.66%) 23.37 ± 0.96
Cefixime CFM 5mcg 18(100%) 0.00 ± 0.00
Aztronam ATM 30mcg 18(100%) 0.00 ± 0.00
LSD value ....... ....... ....... 6.022 **

** (P<0.01).

S.aureus with reduced susceptibility to vancomycin
is not limited to humans. (McGuinness et al., 2017).
Recently, VRSA and/or VISA have been secluded from
pigs, goats, and cattle, the livestock isolates VRSA and
VISA were reported to be resistant to several antibiotics,
including â-lactams,It also suggested that isolates
originated either from humans or that resistance
developed as a result of the continuous animals exposure
to other of antibiotics such as the use of antibiotics as a
feed supplement. (Bhattacharyya et al., 2016; Moreno
et al., 2016 ).

The results in this study revealed that resistance to
both Vancomycin (VRSA) and oxacillin (ORSA) showed
11(48.88%) while 7(31.11%) consider as Intermediate
resistance to Vancomycin (McGuinness, et al., 2017).
This resistance diversity due to MRSA strains are also
multi resistant to other antibiotics and leaves a limited
choice for their control (Pesavento et al., 2007).

There are several reasons for the result variations in
resistance to tetracyclines, erythromycins,
aminoglycosides, and other drugs because the frequent
plasmids are mediated in staphylococci, and these
plasmids can be moved by conjugation or transduction
from one strain to another. Hence, plasmid-borne
resistance spread rapidly amongst many different strains
and genera (Haaber et al., 2017). Although there are
several studies describing the resistance to tetracyclines,
erythromycins, aminoglycosides, carrying on the mecA
of chromosome MRSA strains (Cauwelier et al., 2004;
Skov et al., 2003; Al-Mohana et al., 2012). Antibiotic
resistance between isolates of S. aureus in this research
was comparable with reports from other parts of the

world, which also recorded multiple drug resistance.
(Merlino et al., 2002;Appiah et al., 2020).

On other hand most of isolates were sensitive to
(Netilimicin100%, Chloramphenicol 71.11%, Tetracycline
66.66%, Clindamycin 62.66%, oxacillin 31.11%) this
results agree with(Hasan et al., 2016). Sensitively18(100
%) to Netilimicin making it the drugs of choice for the
treatment of skin disease caused by S. aureus in sheep.

Also recorded the same results in other study (Ali et
al., 2017) who show resistant to methicillin(MRSA),
Pencillin (PRSA), Amoxycillin/ Clavulanic acid, Oxacillin.

Finally the results of Antimicrobial susceptibility
patterns in the present study nearly agree with results of
study that show Prevalence of vancomycin resistant
Staphylococcus aureus (VRSA) in methicillin resistant
S. aureus (MRSA) strains (Hasan et al., 2016).

In this study high prevalence of MRSA and VRSA
in sheep has been detected raising concerns about the
role of these animals as MRSA reservoirs, which are
considered to be of great concern for both veterinary
and human health. The highest percentage of MRSA
reported from these outcomes is due to the fact that S.
aureus is frequent commensal bacteria on the skin and
mucous surfaces.

References
Acar, J. & B. Rostel (2001). Antimicrobial resistance: an

overview. Revue Scientif ique et Technique-Office
International des Epizooties, 20(3): 797-810.

Al-Harbi, K.B. (2011). Prevalence and etiology of abscess
disease of sheep and goats at Qassim region, Saudi

5126 Mayssam Nasser Al-Saraj and Asmaa Hamoody Abdullah



Arabia. Veterinary World, 4(11): 495.
Ali, A.A., O.A. Basha and M.S. Ibrahim (2017). Incidence of

Methicillin-Resistant Staphylococcus aureus Isolation
from Sheep and Goat. Alexandria Journal for Veterinary
Sciences, 54(1).

Al-Mohana, A.M., A.H. Al-Charrakh, F.H. Nasir and M.K. Al-
Kudhairy (2012). Community-acquired methicillin-resistant
Staphylococcus aureus carrying mecA and Panton-
Valentine leukocidin (PVL) genes isolated from the holy
shrine in Najaf, Iraq. Journal of Bacteriology
Research, 4(2): 15-23.

Anacarso, I., C. Condò, C. Sabia, P. Messi, S.D. Niederhausern,
M. Bondi and R. Iseppi (2013). Antimicrobial resistance
and other related virulence factors in staphylococcus spp
isolated from food, environmental and humans in
Italy. Universal Journal Microbiology Research, 1(1): 1-
9.

Appiah, V. A., G.A. Pesewu, F.C. Kotey, A.N. Boakye, S. Duodu,
E. Tette and E.S. Donkor (2020). Staphylococcus aureus
Nasal Colonization among Children with Sickle Cell Disease
at the Children’s Hospital, Accra: Prevalence, Risk Factors,
and Antibiotic Resistance. Pathogens, 9(5): 329.

Atlas, R.M. (2010). Handbook of microbiological media, CRC
press.

Balasubramanian, D., L. Harper, B. Shopsin and V.J. Torres
(2017). Staphylococcus aureus pathogenesis in diverse
host environments. Pathogens and disease, 75(1): ftx005.

Bhattacharyya, D., J. Banerjee, S. Bandyopadhyay, B. Mondal,
P.K. Nanda, I. Samanta and S. Bandyopadhyay (2016).
First report on vancomycin-resistant Staphylococcus
aureus in bovine and caprine milk. Microbial. Drug
Resistance, 22(8): 675-681.

Bauer, A.W., W. A.W. Kirby, J.S. Sherris and M. Turk (1966).
Antibiotic susceptibility testing by astandarised single
disc method. A.M.J. Clin. Patholo., 45: 493 - 496.

Cauwelier, B., B. Gordts, P. Descheemaecker and H. Van Landuyt
(2004). Evaluation of a disk diffusion method with cefoxitin
(30g) for detection of methicillin-resistant
Staphylococcus aureus. European Journal of Clinical
Microbiology and Infectious Diseases, 23(5): 389-392.

Cheesbrough, M. (2006). District laboratory practice in
tropical countries, part 2. Cambridge university press.

Clinical and Laboratory Standards Institute (2017). Performance
Standards for Antimicrobial Susceptibility testing, 23rd
Informational Supplement, CLSI document M100-S27,
Wayne, PA, 33(1).

Coates, R., J. Moran and M.J. Horsburgh (2014). Staphylococci:
colonizers and pathogens of human skin. Future
microbiology, 9(1): 75-91.

Costa, A.R., D.W. Batistão, R.M. Ribas, A.M. Sousa, M.O.
Pereira and C.M. Botelho (2013). Staphylococcus aureus
virulence factors and disease.

Cucarella, C., M.A. Tormo, C. Ubeda, M.P. Trotonda, M.

Monzon, C. Peris, B. Amorena, I. Lasa and J.R. Penades
(2004). Role of biofilm-associated protein bap in the
pathogenesis of bovine Staphylococcus aureus. Infect.
Immun., 72: 2177-2185.

El-baz, R., D.E. Rizk, R. Barwa and R. Hassan (2016). Virulence
factors profile of Staphylococcus aureus isolated from
different clinical sources. J. Microbiol., 43.

Fournier, J.M., A. Boutonnier and A. Bouvet (1989).
Staphylococcus aureus strains which are not identified
by rapid agglutination methods are of capsular serotype
5. Journal of clinical microbiology, 27(6): 1372-1374.

Fournier, J.M., A. Bouvet, A. Boutonnier, A. Audurier, F.
Goldstein, J. Pierre and H.K. Hochkeppel (1987).
Predominance of capsular polysaccharide type 5 among
oxacillin-resistant Staphylococcus aureus. Journal of
clinical microbiology, 25(10): 1932-1933.

Friães, A., C. Resina, V. Manuel, L. Lito, M. Ramirez and J.
Melo-Cristino (2015). Epidemiological survey of the first
case of vancomycin-resistant Staphylococcus aureus
infection in Europe. Epidemiology & Infection, 143(4):
745-748.

Gardete, S., C. Kim, B.M. Hartmann, M. Mwangi, C.M. Roux,
P.M. Dunman and A. Tomasz (2012). Genetic pathway in
acquisition and loss of vancomycin resistance in a
methicillin resistant Staphylococcus aureus (MRSA) strain
of clonal type USA300. PLoS pathogens, 8(2).

Guerra, F.E., T.R. Borgogna, D.M. Patel, E.W. Sward and J.M.
Voyich (2017). Epic immune battles of history: neutrophils
vs. Staphylococcus aureus. Frontiers in cellular and
infection microbiology, 7: 286.

Haaber, J., J.R. Penadés and H. Ingmer (2017). Transfer of
antibiotic resistance in Staphylococcus aureus. Trends in
microbiology, 25(11): 893-905.

Hemraj, V., S. Diksha and G. Avneet (2013). A review on
commonly used biochemical test for bacteria. Innovare J.
Life Sci., 1(1): 1-7.

Hasan, R., M. Acharjee and R. Noor (2016). Prevalence of
vancomycin resistant Staphylococcus aureus (VRSA) in
methicillin resistant S. aureus (MRSA) strains isolated from
burn wound infections. Tzu Chi Medical Journal, 28(2):
49-53.

Hasan, A.A., D.S. Hassawi, H.I. Al-Daghistani and A.D. Hawari
(2014). Molecular and biochemical identification of
coagulase positive Staphylococcus species isolated from
human and animal sources in Jordan. International
Journal of Medicine and Medical Sciences, 47(1): 1491-
1507.

Hatem, M.E., R.H. Arab, S.N. Ata, S.I.A. El-Moez, E.A. Khairy
and E.A. Fouad (2013). Bacterial Abscessationin in sheep
and goat in Giza governorate with full antibiogram
screening. Glob. Vet., 10(4): 372-381.

Howden, B.P., D.J. Smith, A. Mansell, P.D. Johnson, P.B. Ward,
T.P. Stinear and J.K. Davies (2008). Different bacterial gene

Bacteriological study of Staphylococcus aureus isolated from skin infected sheep 5127



expression patterns and attenuated host immune
responses are associated with the evolution of low-level
vancomycin resistance during persistent methicillin-
resistant Staphylococcus aureus bacteraemia. BMC
microbiology, 8(1): 39.

Hughes, R.B. and A.C. Smith (2007). Capsule stain protocols.
Hwang, S.M., K. Seki, M. Murai, J. Sakurada, S. Nishihara, T.

Maeda and S. Masuda (1989). Simple method for
quantitation of cell bound protein A on Staphylococcus
aureus cells by means of hemagglutination with sheep
erythrocytes differentially sensitized with rabbit antibody
and its clinical application. Microbiology and
immunology, 33(3): 155-163.

Iwamoto, K., M. Moriwaki, R. Miyake and M. Hide (2019).
Staphylococcus aureus in atopic dermatitis: Strain-specific
cell wall proteins and skin immunity. Allergology
International, 68(3): 309-315.

Jansen, A., C. Szekat, W. Schröder, C. Wolz, C. Goerke, J.C. Lee
and G. Bierbaum (2013). Production of capsular
polysaccharide does not influence Staphylococcus aureus
vancomycin susceptibility. BMC microbiology, 13(1): 65.

Katayama, Y., T. Baba, M. Sekine, M. Fukuda and K. Hiramatsu
(2013). Beta-hemolysin promotes skin colonization by
Staphylococcus aureus. Journal of bacteriology, 195(6):
1194-1203.

Katayama, Y., T. Ito and K. Hiramatsu (2000). A new class of
genetic element, staphylococcus cassette chromosome
mec, encodes methicillin resistance in Staphylococcus
aureus. Antimicrobial agents and chemotherapy, 44(6):
1549-1555.

Khudaier, B.Y., B.A. Abbas and A.M. Khudaier (2013). Detection
of Methicillin Resistant Staphylococcus aureus Isolated
from Human and Animals in Basrah Province/Iraq. MRVSA
2013, 2: 12-21.

Kobayashi, S.D., N. Malachowa and F.R. DeLeo (2015).
Pathogenesis of Staphylococcus aureus abscesses. The
American journal of pathology, 185(6): 1518-1527.

Kong, C., H.M. Neoh and S. Nathan (2016). Targeting
Staphylococcus aureus toxins: a potential form of anti-
virulence therapy. Toxins, 8(3): 72.

Kuehnert, M.J., H.A. Hill, B.A. Kupronis, J.I. Tokars, S.L.
Solomon and D.B. Jernigan (2005). Methicillin-resistant–
Staphylococcus aureus hospitalizations, United
States. Emerging infectious diseases, 11(6): 468.

Kuroda, M., K. Kuwahara-Arai and K. Hiramatsu (2000).
Identification of the up-and down-regulated genes in
vancomycin-resistant Staphylococcus aureus strains Mu3
and Mu50 by cDNA differential hybridization
method. Biochemical and biophysical research
communications, 269(2): 485-490.

Lacey, K.A., J.A. Geoghegan and R.M. McLoughlin (2016).
The role of Staphylococcus aureus virulence factors in
skin infection and their potential as vaccine

antigens. Pathogens, 5(1): 22.
Lakshmi, H.P., U.V. Prasad, S. Yeswanth, V. Swarupa, O.H. Prasad,

M.L. Narasu and P.V.G.K. Sarma (2013). Molecular
characterization of á-amylase from Staphylococcus
aureus. Bioinformation, 9(6): 281.

Lee, J.H. (2003). Methicillin (oxacillin)-resistant Staphylococcus
aureus strains isolated from major food animals and their
potential transmission to humans. Appl. Environ.
Microbiol., 69(11): 6489-6494.

MacFaddin, J.F. (2000). Biochemical Tests for Identification of
Medical Bacteria, Williams and Wilkins. Philadelphia, PA,
113.

MacFaddin, J.F. (1985). Media for the isolation-cultivation-
identification-maintenance of medical bacteria, vol. 1
Williams & Wilkins. Baltimore, MD.

McAleese, F., S.W. Wu, K. Sieradzki, P. Dunman, E. Murphy, S.
Projan and A. Tomasz (2006). Overexpression of genes of
the cell wall stimulon in clinical isolates of Staphylococcus
aureus exhibiting vancomycin-intermediate - S. aureus-
type resistance to vancomycin. Journal of
bacteriology, 188(3): 1120-1133.

McGuinness, W.A., N. Malachowa and F.R. DeLeo (2017).
Focus: infectious diseases: vancomycin resistance in
Staphylococcus aureus. The Yale journal of biology and
medicine, 90(2): 269.

Merlino, J., J. Watson, B. Rose, M. Beard-Pegler, T. Gottlieb, R.
Bradbury and C. Harbour (2002). Detection and expression
of methicillin/oxacillin resistance in multidrug-resistant and
non-multidrug-resistant Staphylococcus aureus in Central
Sydney, Australia. Journal of Antimicrobial
Chemotherapy, 49(5): 793-801.

Misic, A.M., M.F. Davis, A.S. Tyldsley, B.P. Hodkinson, P.
Tolomeo, B. Hu and E.A. Grice (2015). The shared
microbiota of humans and companion animals as evaluated
from Staphylococcus carriage sites. Microbiome, 3(1): 2.

Moreno, L.Z., M.C. Dutra, M. Moreno, T.S. Ferreira, G.F. da
Silva, C.E. Matajira and A.M. Moreno (2016). Vancomycin-
intermediate livestock-associated methicillin-resistant
Staphylococcus aureus ST398/t9538 from swine in
Brazil. Memorias do Instituto Oswaldo Cruz, 111(10): 659-
661.

Nanra, J.S., S.M. Buitrago, S. Crawford, J. Ng, P.S. Fink, J.
Hawkins and K.U. Jansen (2013). Capsular
polysaccharides are an important immune evasion
mechanism for Staphylococcus aureus. Human vaccines
& immunotherapeutics, 9(3): 480-487.

Oliveira, D., A. Borges and M. Simões (2018). Staphylococcus
aureus toxins and their molecular activity in infectious
diseases. Toxins, 10(6): 252.

Persoons, D., S. Van Hoorebeke, K. Hermans, P. Butaye, A. De
Kruif, F. Haesebrouck and J. Dewulf (2009). Methicillin-
resistant Staphylococcus aureus in poultry. Emerging
infectious diseases, 15(3): 452.

5128 Mayssam Nasser Al-Saraj and Asmaa Hamoody Abdullah



Pesavento, G., B. Ducci, N. Comodo and A.L. Nostro (2007).
Antimicrobial resistance profile of Staphylococcus aureus
isolated from raw meat: a research for methicillin resistant
Staphylococcus aureus (MRSA). Food Control, 18: 196–
200.

Quinn, P.J., B.K. Markey, F.C. Leonard, P. Hartigan, S. Fanning
and E. Fitzpatrick (2011). Veterinary microbiology and
microbial disease. John Wiley & Sons. Rizk, A.M., A. El-
Tawab, A. Awad, S. Afifi and S.R. Mohamed (2019).
Bacteriological profile and antibiogram of Staphylococcus
aureus isolated from sheep and goats abscess. Benha
Veterinary Medical Journal, 37(1): 128-130.

Roberts, J.I. and M.A. Gaston (1987). Protein A and coagulase
expression in epidemic and non-epidemic Staphylococcus
aureus. Journal of clinical pathology, 40(8): 837-840.

Rosenstein, R. and F. Götz (2000). Staphylococcal lipases :
biochemical and molecular characterization.
Biochimie, 82(11): 1005-1014.

Ruane, P.J., M.A. Morgan, D.M. Citron and M.E. Mulligan
(1986). Failure of rapid agglutination methods to detect
oxacillin-resistant Staphylococcus aureus. Journal of
clinical microbiology, 24(3): 490-492.

Saleha, A. and Z. Zunita (2010). Methicillin resistant
Staphylococcus aureus (MRSA): An emerging veterinary
and zoonotic pathogen of public health concern and some
studies in Malaysia. J. Anim. Vet. Adv., 9(7): 1094-1098.

Shryock, T.R. and A. Richwine (2010). The interface between
veterinary and human antibiotic use. Ann. N.Y. Acad. Sci.,
1213: 92-105.

Skov, R., R. Smyth, M. Clausen, A.R. Larsen, N. Frimodt-Møller,
B. Olsson-Liljequist and G. Kahlmeter (2003). Evaluation

of a cefoxitin 30 µg disc on Iso-Sensitest agar for detection
of methicillin-resistant Staphylococcus aureus. Journal
of Antimicrobial Chemotherapy, 52(2): 204-207.

Thakker, M., J.S. Park, V. Carey and J.C. Lee (1998).
Staphylococcus aureus serotype 5 capsular
polysaccharide is antiphagocytic and enhances bacterial
virulence in a murine bacteremia model. Infection and
immunity, 66(11): 5183-5189.

Verdon, J., N. Girardin, C. Lacombe, J.M. Berjeaud and Y. Héchard
(2009). -Hemolysin, an update on a membrane-interacting
peptide. Peptides, 30(4): 817-823.

Wang, L.J., X. Yang, S.Y. Qian, Y.C. Liu, K.H. Yao, F. Dong and
W.Q. Song (2020). Identification of hemolytic activity and
hemolytic genes of Methicillin-resistant Staphylococcus
aureus isolated from Chinese children. Chinese medical
journal, 133(1): 88-90.

Wanger, A.R., S.L. Morris, C. Ericsson, K.V. Singh and M.T.
LaRocco (1992). Latex agglutination-negative methicillin-
resistant Staphylococcus aureus recovered from neonates:
epidemiologic features and comparison of typing
methods. Journal of clinical microbiology, 30(10): 2583-
2588.

Waters, A.E., T. Contente-Cuomo, J. Buchhagen, C.M. Liu, L.
Watson, K. Pearce, J.T. Foster, J. Bowers, E.M. Driebe,
D.M. Engelthaler, P.S. Keim and L.B. Price (2011). Multidrug-
Resistant Staphylococcus aureus in US Meat and Poultry.
Clin. Infect. Dis., 52:1-4.

Xie, W., V. Khosasih, A. Suwanto and H.K. Kim (2012).
Characterization of lipases from Staphylococcus aureus
and Staphylococcus epidermidis isolated from human facial
sebaceous skin. J. Microbiol. Biotechnol., 22(1): 84-91.

Bacteriological study of Staphylococcus aureus isolated from skin infected sheep 5129


