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This study aimed to characterize the different Staphylococci recovered from mastitic
cows and buffaloes. A total of 126 mastitis milk samples were aseptically collected
from clinically mastitic animals including 87 cows and 39 buffaloes. Bacteriological

and Epidemiology, Faculty of examination and biochemical identification using VITEK-2-compact-SYSTEM revealed
Veterinary Medicine, Beni-Suef that a total of 94 Staphylococcus isolates (74.6%) were recovered; 56 isolates (59.6%)
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3 Veterinarian at the Directorate of predominant isolate (n=26; 15 from cows and 11 from buffaloes) with a percentage
Veterinary Medicine, El-Fayoum of 27.7%. Moreover, 68 coagulase-negative staphylococci (CNS) isolates (72.3%) were
Governorate, Egypt. identified of which; 21 S. epidermidis (22.3%); all isolates were from cattle, followed
by 18 S. lentus (19.1%); 8 and 10 from cows and buffaloes, respectively, 17 S.

Correspondence simulans (18%); 6 and 11 isolates, respectively, and finally 12 S. hominis (12.9%); 5
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streptomycin. Multidrug resistance (MDR) was detected in 21 (22.3%) Staphylococci
isolates. Biofilm formation capacity was phenotypically assessed on YESCA CR agar
medium and showed that all Staphylococci isolates were curli-producing. Application
of PCR technique revealed that sed, seb genes were the most prevalent genes in all
isolates, followed by fnbA gene which was detected in 80% of the isolates, and
then mecA, blaZ, and icaA with percentages of 60%, 40%, and 40%, respectively.

Keywords
Biofilm, Coagulase Negative Staphylococci, Mastitic Cows and Buffaloes, Resistance
and Virulence Genes, S. aureus

1. Introduction isolates. However, microbiological culture is limited by the
Worldwide bovine mastitis is the most common infectious dynamic nature of infections (Phuektes et al., 2001).
disease affecting milk producing cows, rendering livestock . .
unable to adequately produce milk, which results in heavy Staphylococcus species have been considered as one of the
economic losses for the dairy industry (Seegers et al., most significant causative pathogens of clinical and
2003) compared with other diseases of dairy cattle subclinical bow_ng mastltl_s (Hassan et_ al., 2016). S. aureus;
(Gillespie and Oliver, 2005). a coagulase positive species was considered for a long time
as the only important pathogen among Staphylococcus
Identification of the bacterial pathogens in mastitic cows' species responsible for clinical mastitis (Darwish and
milk is the definitive diagnosis. Also, it provides important Asfour, 2013) and of foodborne intoxication importance in
information for prevention and control of the disease. In human (D*amico and Donnelly, 2011; Elbargisy et al.,
most of the clinical laboratories, identification methods are 2016). However, an increased worldwide attention has
based on the microbiological culture of milk and been paid to CNS (Bal et al., 2010) as CNS becomes the
biochemical identification of the recovered bacterial predominant  pathogens  associated ~ with  mastitis
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(Tenhagen et al., 2006). They are currently considered as
emerging pathogens of bovine mastitis (Soares et al.,
2012). Mastitis caused by CNS usually remains mild
clinically (Taponen et al., 2007). However, it was reported
that the CNS mastitis could be aggravated to severe clinical
cases (Brinda et al., 2010).

Biofilms are tightly packed populations of microbes that
emerge on biological or inanimate surfaces and are
surrounded by secreted polymers. Biofilm producing
bacteria are characterized by slow growth and antibiotic-
resistance, so they are difficult to be eradicated (Flemming
and Wingender, 2010).

The antibiotic resistant bacteria can be transmitted from
milk to human through the food chain causing serious
problems on public health (McDermott et al., 2002).

Differences between the host biotypes are also reflected at
the genotypic level as determined by macro-restriction
analysis of the chromosome (Hennekinne et al., 2003).
Due to the specificity of host-pathogen interactions needed
to produce mastitis, it has been postulated that the nature of
the virulence and the regulation of its expression are
determining factors, when it comes to the ability of a strain
to produce mastitis (\Vautor et al., 2008).

The recent release of the complete genome sequence of S.
aureus ET-3, abovine isolate, provides new insight into the
genomic basis of a putative host adaptation and the
existence of host specific genetic traits in S. aureus isolated
from bovine hosts (Herron-Olson et al., 2007).

The aim of the present study was directed for
characterization of S. aureus and coagulase negative
Staphylococci recovered from mastitic cows and buffaloes.

2. Materials and Methods

2.1. Animals

A total of 550 milk samples were collected from lactating
animals; 310 cows and 240 buffaloes from different dairy
farms and veterinary units at El-Fayoum Governorate.
Animals were examined for evidences of clinical mastitis
(swelling, hotness, redness and apparent milk change)
during the period from May 2017 to November 2017. The
udder of each animal was examined according to the
guidelines of the National Mastitis Council before
sampling for the presence of clinical signs of mastitis. This
investigation was done in accordance with the
recommendations in the updated guide for the care and use
of animals. All procedures were approved by the
Institutional Animal Care and Use Committee at Beni-Suef
University, approval number (021-187).

2.2. Milk Samples Collection

A total of 126 mastitis milk samples were aseptically
collected from clinically mastitic animals; 87 cows and 38
buffaloes. Sampling procedure was performed as
recommended by (Quinn et al., 2002) for collection of
milk samples aseptically. Before sampling the first few
streams should be discarded then milk sample was
collected into sterile screw capped McCartney bottle. The
milkers’ hands, the udder and tips of the teat were perfectly
washed with water and soap and dried well with a towel.
The teats were cleaned with 70% alcohol. Following
sampling, milk samples were labelled, serialized and sent
immediately to the lab for examination in ice container.

2.3. Bacteriological Examination of Milk

Samples

Fresh Milk samples were centrifuged at 3000 rpm for 15
min. The cream layer and supernatant fluid were discarded.
Loopful from the sediment was taken and cultivated into
tryptone soya broth then incubated for 18-24 hrs at 37°C.
Loopful from turbid tryptone soya broth was streaked onto
Mannitol salt agar (Oxoid) and Baird-Parker agar (Oxoid)
plates and incubated for 24-48 hrs at 37 C. Staphylococcus
spp. were suspected based on phenotypic characters in
culture media. Bacterial films were made from the colonies
and stained with Gram’s stain.

2.4. Morphological Examination (Quinn et

al., 2002)

Suspected Staphylococcus isolates were identified primary
as Gram-positive cocci occurring as singles, pairs or mostly
as irregular clusters (bunches of grape like appearance).
Pure isolates were subjected to further biochemical
identification.

2.5. Biochemical Identification of the

Isolates

These biochemical tests include oxidase, catalase, coagulase,
urease and sugars; mannitol and maltose, fermentation tests
beside other colonial characteristics; hemolysis on 5% sheep
blood agar and pigmentation and sugar fermentation tests
according to Quinn et al., (2002) and confirmed by VITEK-
2-compact-SYSTEM.

2.6. Antimicrobial Susceptibility Testing of

the Isolates

All isolates were examined for their antimicrobial
sensitivity (AMS) to 14 different antimicrobial discs. The
used antimicrobial discs (Oxoid, Basing Stoke, UK) were
illustrated in Table (1). The disc diffusion technique was
applied according to the Clinical and Laboratory Standards
Institute (CLSI, 2018).
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Table (1): interpretation values of growth inhibition zone of disc used in the antimicrobial susceptibility testing of the isolates.

Antimicrobial Class Antimicrobial Type

Ampicillin
Amoxicillin
Amoxicillin — clavulanic acid
Ceftriaxone
Ciprofloxacin

Penicillins

B — lactamase stable
Cephalosporines

B —lactams

Fluoroquinolones

Ofloxacin
Lincosamides Clindamycin
Gentamycin
Aminoglycosides L7
Apramycin

Streptomycin
sulfamethoxazole-trimethoprim
Fosfomycin

Potentiated sulphonamides
Fosfomycin

Tetracycline Doxycycline

2.7. Detection of Biofilm Formation on

YESCA CR Agar Plate (Zhou et al., 2013)
Biofilm production was assessed YESCA Congo red agar
(CRA). All isolates were streaked onto the YESCA CRA
medium, incubated at 37°C for 24 hrs. The bacterial
colonies were examined for the biofilm formation. The red
color of bacterial colonies indicated positive biofilm
formation, while the pink or white of colonies indicated
negative biofilm formation.

2.8. Polymerase Chain Reaction for

Detection of Some Selected Genes

PCR was done using Agarose gel electrophoreses and
applied on 5 selected different Staphylococcus isolates on
the basis of MDR to determine 6 genes; 2 enterotoxins
producing genes (sed and seb), 2 biofilm associated genes
(icaA and fnbA) and 2 resistance genes (mecA and blaZz).
The primer sequences, size of generated products and
cycling conditions used in PCR amplification were applied
according to Mehrotra et al., (2000); Ciftci et al., (2009);
Vancraeynest et al., (2004); McClure et al., (2006) and
Duranetal,, (2012).

2.9, Statistical Analysis

Data were statistically analyzed using Chi2-test for detection
the significant of the incidences of the S. aureus among
examined parameter. The statistical analysis was carried out
using (SAS, 2004).

Disc Content Interpretation

Symbol (ng) Susceptible Intermediate Resistant
AM 10 229 <28
AML 10 220 11-19 <10
AMC 30 20 19
CTR 30 23 20-22 19
cIp 5 21 16-20 15
OFX 5 18 15-17 14

DA 2 21 15-20 14
GEN 10 15 13-14 12
K 30 18 14-17 13
APR 15 17 15-16 14

S 10 15 12-14 11
STX 1.25/23.75 16 11-15 10
FO 200 16 13-15 12
DO 30 16 13-15 12

3. Results

3.1. Prevalence and Distribution of
Staphylococcus lIsolates in the Investigated

Clinically Mastitic Dairy Animals

Out of 550 collected milk samples, a total of 94 (17.1%)
Staphylococcus spp. were recovered with a total prevalence
of 17.1%; distributed as 17.1 and 16.3% in cows and
buffaloes, respectively. 26 of bacterial isolates (4.7%) were
biochemically confirmed as S. aureus while 68 isolates
(12.4%) were coagulase-negative Staphylococci (Table,
2). S. aureus represented in 15 and 11 isolates with 4.8%
and 4.6% in cows and buffaloes, respectively. Meanwhile
CNS represented in 40 (12.9%) and 28 isolates (11.7%) in
cows and buffaloes, respectively (Table, ¥).

3.2. Identification and Distribution of CNS

Isolates

CNS isolates (n=68) were identified using traditional
methods including  morphological, colonial and
biochemical characteristics (Table, 3) and further
identification by VITEK-2- COMPACT-SYSTEM®.

The results illustrated in Table (4) revealed that 4 different
CNS species were identified. S. epidermidis was the most
predominant species as 21 isolates (30.9%), followed by S.
lentus as 18 isolates (26.5%), S. simulans (n=26; 17.25%),
and finally S. hominis (n=12; 17.6%).

Table (2): Prevalence of Staphylococcus isolates in the clinically mastitic dairy animals.

Collected milk samples

Examined animals No. of samples

Cattle 310
Buffaloes 240
Total 550

%: was calculated according to the corresponding number (No.) of samples.

Bacterial isolates

S. aureus CNS Total
No. % No. % No. %
15 4.8 40 129 55 17.7
11 4.6 28 11.7 39 16.3
26 4.7 68 12.4 94 17.1
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Table (3): Results of colonial and biochemical identification of Staphylococcus isolates.

Staphylococcus spp.
Catalase test
Oxidase test
Coagulase test
Hemolysis
Pigment production
Mannitol fermented
Maltose fermented

Table (4): Distribution of CNS among examined animals.
S. epidermidis

Host

Cow
Buffaloes

Total

S. aureus
+

+ + + + o+

Total No. of CNS

40

28
68

S. epidermidis

+

No
21
0
21

30.9

S. lentus

No.
52.5 8

10
18

%: was calculated according to the corresponding number (No.) of samples.

+

S. lentus

%
20
35.7
26.5

S. simulans

6

+

S. simulans
No.

11

17

%
15
393
25

JVMR 2_
S. homins
+
+
+
S. hominis
No. %
12.
3 5
7 25
17.
12 6

3.3. Results of Antimicrobial Susceptibility Test of Staphylococci Isolates Using Disc Diffusion

Method

All isolates were tested for in-vitro susceptibility test against 14 antimicrobial agents of 9 different antimicrobial classes of
important veterinary significance. The results demonstrated in Table (5) showed that all isolates were sensitive (100%) to
ceftriaxone, ciprofloxacin, ofloxacin and sulfamethoxazole-trimethoprim. On the contrary, all isolates were resistant (100%)
to penicillin and streptomycin. Multidrug resistance (MDR) was detected in 21 staphylococci isolates (22.3%).

Table (5): Antimicrobial susceptibility profile of Staphylococcus isolates from clinical mastitic animals.

Antimicrobial Class

Penicillins

B — lactamase stable

B —lactams

Cephalosporines
Fluoroquinolones

Lincosamides

Aminoglycosides

Potentiated
Sulphonamides
Fosfomycin
Tetracycline
Chi? = 15.24**

Antimicrobial discs

Ampicillin
Amoxicillin
Amoxicillin — clavulanic
acid
Ceftriaxone
Ciprofloxacin
Ofloxacin
Clindamycin
Kanamycin
Gentamycin
Apramycin
Streptomycin
Sulfamethoxazole-
trimethoprim
Fosfomycin
Doxycycline

** = Significant at (P <0.01)

Symbo

AM
AML

AMC

CTR
CIP
OFX
DA

GEN
APR

STX

FO
DO

Disc Content

(ng)

10
10

30

30
5
5
2

30

10
15
10

1.25/23.75

200
30

21

26
26
26
18

21

26

12
16

S. aureus
S

% N

- 26

- 26
80.7 5
100 -
100 -
100 -
69.2 8
80.7 5
26

31 18
- 26
100 -

46 14
61.6 10

3.4. Prevalence of biofilm formation among isolated Staphylococci
All examined S. aureus (26) and CNS (68) isolates were 100% curli producing Staphylococci using YESCA CR agar medium

(Table, 6).

Table (6): Results of biofilm formation among Staphylococcus isolates.

Bacterial isolates

Staphylococcus spp.

Chi? =5.11**

S. aureus
CNS
Total

** = Significant at (P < 0.01)

No. of examined isolates

%
100
100

19.3

30.8
19.3

100
69
100

54
38.4

48

54
68
68
55
51
11
20

68

23
51

CNS

%

70.6

79
100
100

80.8

75

17

30

100

34
75

68
68

20
14

13
17

57
48
68

45
17

The percentage of biofilm-forming bacteria

No.
26
68
94

%
100 %
100 %
100%

%
100
100
29.4

21

19
25

83
70
100

66
25
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3.5. Results of PCR for Detection of Virulence and Resistance Genes in Staphylococcus Isolates
The results of PCR revealed that sed, seb genes were the most prevalent genes as they were found in all isolates as shown in
Table (7) and Figs. (1 and 2), followed by fnbA gene presented in 80% of the isolates then mecA, blaZ and icaA found in
60%, 40% and 40%, respectively as shown in Table (7) and Figs (3 - 6).

Table (7): Results of molecular detection of virulence and resistance genes in Staphylococcus isolates.

staphylococcus Spp. Enterotoxins Biofilm Resistance
sed seb icaA fnbA mecA blaz
S. aureus (2) 2 100% 2 100% 1 50% 2 100% 0 0% 0 0%
S. epidermidis (1) 1 100% 1 100% 0 0% (1] 0% 1 100% 1 100%
S. lentus (1) 1 100% 1 100% 0 0% 1 100% 1 100% 0 0%
S. simulans (1) 1 100 1 100% 1 100 1 100% 1 100% 1 100
Total (5) 5 100% 5 100% 2 40% 4 80% 3 60% 2 40%
*

%: was calculated according to the corresponding number of tested isolates. Chi? = 12.40** * = Significant at (P < 0.01)

Seb
Z

Fig. (1). Agarose gel electrophoresis showing the amplification of sed gene Fig. (2). Agarose gel electrophoresis showing the amplification of
at amplicon of 278 bp. *LD: Molecular size ladder *Pos: Control positive Seb gene at amplicon of 164 bp. *LD: Molecular size ladder *Pos:
*Lane (11-15): A positive result. Control positive *Lane (11-15): A positive result.

Fig. (3). Agarose gel electrophoresis showing the amplification of ica A Fig. (4). Agarose gel electrophoresis showing the amplification of fnb
gene at amplicon of 131 bp. *LD: Molecular size ladder *Pos: Control A gene at amplicon of 127 bp. *LD: Molecular size ladder *Pos:
positive *Lane (11,15): A positive result Control positive *Lane (11, 12, 14, 15: A positive result.

Fig. (5). Agarose gel electrophoresis showing the amplification of mec A gene Fig. (6). Agarose gel electrophoresis showing the amplification of bla
at amplicon of 310 bp. *LD: Molecular size ladder *Pos: Control positive *Lane Z gene at amplicon of 173 bp. *LD: Molecular size ladder *Pos:
(13-15): A positive result Control positive *Lane (13-15): A positive result.

4. Discussion revealed a total prevalence of 17.1%; distributed as 17.1 %

Staphylococcus aureus is often recognized as the main  INcowsand 16.3 in buffaloes. Out of 94 Staphylococcus spp.
infectious pathogen in bovine mastitis (FeRler et al., 2010) ~ recovered, 26 (27.6%) isolates were identified as S. aureus
causing a great economic loss to milk industry through and 68 (72.4%) isolates were CNS. This result is nearby with
discarding of the contaminated milk (Cohen et al., 2005:  those of Sumathi et al., (2008) who recorded S. aureus as
Bessen, 2009). To date, more than 50 Staphylococcus 24% while higher than those obtained in othe_r studies as
species and subspecies have been involved in bovine  reported by Normanno et al, (2007) with 12.80%
staphylococcal mastitis (El-jakee et al., 2013). Inthe current  espectively and lower than those of Waage et al., (1999)
study, phenotypic and genotypic methods were used to who found S. aureus with (44.3%). Moreover_, Piepersetal.,
characterize the isolates of Staphylococcus spp. recovered  (2007) reported that more than 50% of all intra-mammary

from mastitic bovine milk samples. Results of the prevalence  infections was caused by CNS. In a related study, Bal et al.,
(2010) isolated 45.25% CNS species from milk samples.
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The use of antimicrobials is still the cornerstone of treatment
in mastitis control program (Hassan et al., 2016; Srednik et
al., 2017). According to CLSI (2018), the obtained results of
the antimicrobial susceptibility test of Staphylococci isolates
using disc diffusion method cleared that, all isolates were
completely sensitive to ceftriaxone, ciprofloxacin, ofloxacin
and sulfamethoxazole-trimethoprim. On contrary, they were
completely resistant to penicillin and streptomycin.
Multidrug resistance (MDR); was represented by resistance
to 3 or more different antimicrobial classes which were
detected in 21 Staphylococci isolates (22.3%). These results
were supported by Sukanya et al., (2019) and Pitkala et al.,
(2004) who documented that the antimicrobial agents as
ciprofloxacin can be used to control mastitis. In addition,
D'amico and Donnelly (2011) and Yang et al., (2017)
recorded high resistances of Staphylococci spp. against
penicillin and other antimicrobial agents. Regarding MDR
results, this incidence was close to that reported by
Klimiene et al., (2016) who informed 21.9% while higher
than those of Soares et al., (2012) and Frey et al., (2013);
15%, and lower than that of Schmidt et al., (2015) who
recorded 39% MDR in Staphylococcus isolates from mastitic
milk.

Biofilms enable microorganisms to resist harmful influences
and to colonize the environment and they are also blamed for
a slew of therapeutic failures since Staphylococci isolates
developing biofilms are less vulnerable to antimicrobials
typically used on dairy farms (Nasr et al., 2012). In this
study biofilm production was studied among the recovered
isolates by means of YESCA CRA medium; a phenotypic
qualitative method fundamentally dependent on valuation of
colony morphology on YESCA CRA. Our results cleared
that, all the examined staphylococci isolates; including 26 S.
aureus and 68 CNS, were biofilm producers (100%). Nearly
more than half of the biofilms formed on CRA were of strong
type which was confirmed by Felipe et al., (2017), but
differed from Darwish and Asfour (2013) and Srednik et
al., (2017) who reported 29.5 and 35.6% of isolates were
strong biofilm producer, respectively.

Results of the molecular detection of some virulence and
resistance genes in Staphylococcus isolates; by using PCR,
showed that, sed, seb genes were found in all isolates
(100%), while fnbA, mecA, blaZz and icaA genes were
represented in 80, 60, 40 and 40% of the isolates,
respectively. These results agreed with those of ElI-
Nomrousy (2014) who used PCR technique for detection of
S. aureus enterotoxin genes and showed that, sed, seb genes
were the most prevalent genes found in all isolates
meanwhile mecA gene was found in 28.5% of isolates.
Moreover, Awad et al., (2017) reported blaZ and mecA
genes in 95.7 and 50% of S. aureus isolates.

5. Conclusion

Out of totally examined mastitis milk samples, S. aureus was
the most recovered isolate with a percentage of (27.7 %)
followed by S. epidermidis (22.3%), S. lentus (19.1%), S.
simulans (18%) and S. hominis (12.9%). Most of isolates

were multidrug resistant. Biofilm formation capacity
revealed that all Staphylococci isolates were curli producing.
Using PCR, showed sed and seb virulence genes, followed
with icaA and fnbA biofilm genes and resistance genes were
mecA and blaZ genes.

6. Authors Contributions

All authors contributed equally to study design
methodology, interpretation of results and preparing of the
manuscript.

7. Conflict of interest
The authors declare no conflict of interest.

8. References

Awad A, Ramadan H, Nasr S, Ateya A, Atwa S (2017). Genetic
characterization, antimicrobial resistance patterns and virulence
determinants of Staphylococcus aureus isolated form bovine
mastitis. Pak J Biol Sci., 20: 298-305. https://doi.org/10.
3923/pjbs.2017.298.305

Bal EBB, Bayar S, Bal MA (2010). Antimicrobial susceptibilities of
coagulase-negative staphylococci (CNS) and streptococci from
bovine subclinical mastitis cases. J Microbiol., 48: 267-274.
https://doi.org/10.1007/s12275-010-9373-9

Bessen DE (2009). Population biology of the human restricted pathogen,
Streptococcus pyogenes. Infection, Genetics and Evolution: J
Molecular Epidemiology and Evolutionary Genetics in Infectious
Diseases, 9(4): 581-593. https://doi.org/10.1016/j.meegid.2009.
03.002

Brinda M, Herman V, Fodor | (2010). Phenotypic characterization of
Coagulase-negative staphylococci isolated from mastitic milk in
cows. Lucr Stiintifice Med Vet., (XLIII): 97-101.

Ciftci A, Findik A, Onuk A, Savasan S, (2009). Detection of Methicillin
Resistance and Slime Factor Production of Staphylococcus aureus in
Bovine  Mastitis.  Brazilian J  Microbiol., 40: 254-261.
https://doi.org/10.1590/51517-83822009000200009

CLSI “Clinical and Laboratory Standards Institute” (2018). Performance
standards for antimicrobial susceptibility testing. M100-S27.
https://clsi.org/standards/products/microbiology/documents/m100/

Cohen R, Aujard Y, Bidet P, Bourrillon A, Bingen E, Foucaud P, Francois M,
Garnier JM, Gendrel D, Guillot M, Hau I, Olivier C, Quinet B,
Raymond J (2005). Streptococcus pyogenes an emerging pathogen.
Le streptocoque du groupe A. Un pathogene majeur pour la
prochaine decennia. Archives De Pediatrie: Organe Officiel De La
Societe Francaise De Pediatrie, 12(7): 1065-1067. https://doi.org/10.
1016/j.arcped.2005.01.021

D'amico DJ, Donnelly CW (2011). Characterization of Staphylococcus
aureus strains isolated from raw milk utilized in small-scale artisan
cheese production. J Food Prot., 74(8): 1353-8. https://doi.org/
10.4315/0362-028X.JFP-10-533

Darwish SF, Asfour HAE (2013). Investigation of biofilm forming ability in
staphylococci causing bovine mastitis using phenotypic and
genotypic assays. Sci World J.,, Volume 2013, Article
ID 378492. https://doi.org/10.1155/2013/378492

Duran N, Ozer B, Duran GG, Onlen Y, Demir C (2012). Antibiotic resistance
genes and susceptibility patterns in staphylococci. Indian J Med Res.,
135: 389-396.

El-jakee JK, Aref NE, Gomaa A, El-hariri MD, Galal HM, Omar SA, Samir A
(2013). Emerging of coagulase negative staphylococci as a cause of
mastitis in dairy animals : An environmental hazard I. Int J Vet Sci
Med., 1: 74-78. https://doi.org/10.1016/j.ijvsm.2013.05.006

Felipe V, Morgante CA, Somale PS, Varroni F, Zingaretti ML, Bachetti RA,
Correa SG, Porporatto C (2017). Evaluation of the biofilm forming
ability and its associated genes in Staphylococcus species isolates
from bovine mastitis in Argentinean dairy farms. Microb Pathog.,
104: 278-286. https://doi.org/10.1016/j.micpath.2017.01.047


http://www.ncbi.nlm.nih.gov/pubmed/?term=D%27amico%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=21819666
https://doi.org/10.1007/
https://doi.org/10.1016/j.meegid.2009
http://dx.doi.org/10.1590/S1517-83822009000200009
https://clsi.org/standards/
https://doi.org/10
http://www.ncbi.nlm.nih.gov/pubmed/?term=D%27amico%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=21819666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Donnelly%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=21819666
http://www.ncbi.nlm.nih.gov/pubmed/21819666
https://doi.org/
https://doi.org/10.1155/

12 JVMR

Raheel et al., 2022

FeRBler AT, Billerbeck C, Kadlec K, Schwarz S (2010). Identification and
characterization of  methicillin-resistant  coagulase-negative
staphylococci from bovine mastitis. J Antimicrob Chemother., 65:
1576-1582. https://doi.org/10.1093/jac/dkq172

Flemming HC, Wingender J (2010). The biofilm Nature Reviews Microbiol.,
8(9): 623-633. https://doi.org/10.1038/ nrmicro2415

Frey Y, Rodriguez JP, Thomann A, Schwendener S, Perreten V (2013).
Genetic characterization of antimicrobial resistance in coagulase-
negative staphylococci from bovine mastitis milk. J Dairy Sci., 1-11.
https://doi.org/10.3168/jds.2012-6091

Gillespie BE, Oliver SP (2005). Simultaneous detection of mastitis
pathogens, Staphylococcus aureus, Sterptococcus uberis and
Streptococcus agalactiae by multiplex real-time polymerase chain
reaction. J Dairy Sci., 88(10): 3510-3518. https://doi.org/10.3168/
jds.S0022-0302(05)73036-8

Hassan WH, Hatem ME, Elnwary HA, Sediek SH (2016). Characterization
of antimicrobial resistant bacterial pathogens recovered from cases
of bovine mastitis with special reference to Staphylococcus aureus. )
Vet Med Res., 23 (1): 101-111. https://doi.org/10.21608/JVMR.
2016.43198

Hennekinne JA, Kerouanton A, Brisabois A, De Buyser ML (2003).
Discrimination of Staphylococcus aureus biotypes by pulsed-field gel
electrophoresis of DNA macro-restriction fragments. J Appl
Microbiol., 94: 321-9. https://doi.org/10.1046/j.1365-2672.2003
.01837

Herron-Olson L, Fitzgerald JR, Musser JM, Kapur V (2007). Molecular
Correlates of Host Specialization in Staphylococcus aureus. PLoS
ONE, 2: 1120. https://doi.org/10.1371/journal.pone.0001120

Klimiene 1, Virgailis M, Pavilonis A, Siugzdiniene R, Mockeliunas R,
Ruzauskas M (2016). Phenotypical and genotypical antimicrobial
resistance of coagulase-negative staphylococci isolated from cow
mastitis. Polish J Vet Sci., 19(3): 639-646. https://doi.org/10.1515/
pjvs-2016-0080

McClure JA, Conly JM, Lau V, Elsayed S, Louie T, Hutchins W, Zhang K
(2006). Novel multiplex PCR assay for detection of the
staphylococcal virulence marker Panton-Valentine leukocidin genes
and simultaneous discrimination of methicillin-susceptible from -
resistant staphylococci. J Clin  Microbiol., 44(3): 1141-1144.
https://doi.org/10.1128/JCM.44.3. 1141-1144.2006.

McDermott PF, Zhao S, Wagner DD, Simjee S, Walker RD, White DG
(2002). The food safety perspective of antibiotic resistance. Animal
Bio Technol., 13:71-84. https://doi.org/10.1081/ABIO-120005771

Mehrotra MG, Wang G, Johnson WM (2000). Multiplex PCR for Detection

of Genes for Staphylococcus aureus Enterotoxins, Exfoliative Toxins,
Toxic Shock Syndrome Toxin 1 and Methicillin Resistance. J Clinic
Microbiol., 38(3). https://doi.org/10.1128/JCM.38.3.1032-1035.2000

Nasr RA, AbuShady HM, Hussein HS (2012). Biofilm formation and
presence of icaAD gene in clinical isolates of staphylococci. Egypt J
Med Hum Genet., 13: 269-274. https://doi.org/10.1016/j.ejmhg.
2012.04.007

Normanno GG, La Salandra A, Dambrosio NC, Quaglia M, Corrente A,
Parisi G, Santagada A, Firiu E, Crisetti, Celano (2007). Occurrence,
characterization and antimicrobial resistance of enterotoxigenic
Staphylococcus aureus isolated from meat and dairy products. Int J
Food Microbiol., 115: 290-296. https://doi.org/10.1016/].ijfood
micro.2006. 10.049

Phuektes P, Mansell PD, Browning GF (2001). Multiplex Polymerase Chain
Reaction Assay for Simultaneous Detection of Staphylococcus aureus
and Streptococcal Causes of Bovine Mastitis. J Dairy Sci., 84: 1140-
1148. https://doi.org/10.3168/JDS.50022-0302(01)74574-2

Piepers S, De Meulemeester L, de Kruif A, Opsomer G, Barkema HW, De
Vliegher S (2007). Prevalence and distribution of mastitis pathogens
in subclinically infected dairy cows in Flanders, Belgium. J Dairy Res.,
74: 478-83. https://doi.org/10.1017/50022029907002841

Pitkdla A, Haveri M, Pyorala S, Myllys V, Honkanen-Buzalski T (2004).
Bovine mastitis in Finland 2001 prevalence, distribution of bacteria
and antimicrobial resistance. J Dairy Sci., 87(8): 2433-2441.
https://doi.org/10 3168/jds.S0022-0302(04)73366-4

Quinn PJ, Makey BK, Carter ME, Donnelly WJ, Leonard FC (2002).
Veterinary microbiology and microbial disease. Blackwell Sci LTD.

Elbargisy RM, Rizk DE, Abdel-Rhman SH (2016). Toxin gene profile and
antibiotic resistance of Staphylococcus aureus isolated from clinical
and food samples in Egypt. African J Microbiol., 10(13): 428-437.
https://doi. org/10.5897/AIMR2015.7927

El-Nomrousy SMR (2014). Sequence Analysis of Enterotoxigenic
Staphylococcus Aureus Isolated from Milk And Some Milk Products.
MVSc thesis Faculty of Veterinary Medicine Alexandria University,
Egypt.

SAS (2004). Statistical analysis System, SAS Institute, Inc Cary NC USA.

Schmidt T, Kock MM, Ehlers MM (2015). Diversity and antimicrobial
susceptibility profiling of staphylococci isolated from bovine mastitis
cases and close human contacts. J Dairy Sci., 98: 6256—6269.
https://doi.org/10.3168/jds.2015-9715

Seegers H, Fourichon C, Beaudeau F (2003). Production effects related to
mastitis and mastitis economics in dairy cattle herds. Vet Res., 34:
475-91. https://doi.org/10.1051/ vetres:2003027

Soares LC, Pereira IA, Pribul BR, Oliva MS, Coelho SMO, Souza MMS,
Pereira IA, Pribul BR, Oliva MS, Coelho SMO, Souza MMS (2012).
Antimicrobial resistance and detection of mec A and bla Z genes in
coagulase-negative Staphylococcus isolated from bovine mastitis.
Pesqui Vet Bras., 32: 692-696. https://doi.org/10.1590/50100-
736X2012000800002

Srednik ME, Tremblay YDN, Labrie J, Archambault M, Jacques M, Alicia
FC, Gentilini ER (2017). Biofilm formation and antimicrobial
resistance genes of coagulase-negative staphylococci isolated from
cows with mastitis in Argentina. FEMS Microbiol. Lett.
https://doi.org/10.1093/ femsle/fnx001

Sukanya T, Masaru U, Hidetoshi H, Toshihiko T, Tomomi S, Chaithep P,
Yutaka T (2019). Prevalence and characterization of Staphylococcus
aureus isolated in raw milk from cows in Hokkaido, Japan. Trop Anim
Health Prod., https://doi.org/10.1007/s11250-019-02169-6

Sumathi BR, Veeregowda BM, Amitha R Gomes (2008). Prevalence and
antibiogram profile of bacterial Isolates from clinical bovine mastitis.
Vet World, 1(8): 237-238.

Taponen S, Koort J, Bjérkroth J, Saloniemi H, Pyoréla S (2007). Bovine
mastitis caused by coagulase-negative staphylococci may persist, in:
ISAH-2007 Tartu, Estonia, 476-479. https://doi.org/10.3168/jds.
2006-860

Tenhagen B, Koster G, Wallmann J, Heuwieser W (2006). Prevalence of
mastitis pathogens and their resistance against antimicrobial agents
in dairy cows in Brandenburg, Germany. J Dairy Sci,. 89: 2542-51.
https://doi.org/10.3168/jds.S0022-0302(06)72330

Vancraeynest D, Hermans K, Haesebrouck F (2004). Genotypic and
phenotypic screening of highand low virulence Staphylococcus
aureus isolates from rabbits for biofilm formation and MSCRAMM:s.
Vet Microbiol., 103: 241-247. https://doi.org/10.1016/j.vetmic.
2004.09.002

Vautor E, Magnone V, Rios G, Le BK, Bergonier D, Lina G, Meugnier H,
Barbry P, Thiery R, Pepin M (2008). Genetic differences among
Staphylococcus aureus isolates from dairy ruminant species: A single-
dye DNA microarray approach. Vet Microbiol., 133(1-2): 105-140.
https://doi.org/10.1016/j.vetmic.2008.06.006

Waage S, Mgrk T, Rgros A, Aasland D, Hunshamar A, Qdegaard SA (1999).
Bacteria Associated with Clinical Mastitis in Dairy Heifers. J Dairy Sci.,
82(4):712-719. https://doi.org/10.3168 /jds.50022-0302(99)75288-4

Yang F, Liu L, Wang L, Wang X, Li X, Luo J, Zhang Z, Zhang S, Yan Z, Li H
(2017). Penicillin resistant characterization of Staphylococcus aureus
isolated from bovine mastitis in Gansu. China J Integrative
Agriculture, 16(8): 1874-1878. https://doi.org/10.1016/52095-3119
(16)61531-9

Zhou Y, Smith DR, Hufnagel DA, Chapman MR (2013). Experimental
manipulation of the microbial functional amyloid called curli.
Methods Mol Biol., 966: 53-75. https://www.doi.org/10.1007/978-
1-62703-245-24.

How to cite this article:

Raheel I, Mohammed AN, Mohamed AA. Characterization of Coagulase
Positive and Negative Staphylococci Recovered from Mastitic Cows and
Buffaloes. J Vet Med Res., 2022; 29(1): 06—12. https://doi.org/10.21608/
jvmr.2022.121439.1049


https://doi.org/10.1038/
https://doi.org/10.3168/
https://doi.org/10.21608/JVMR
https://doi.org/10.1046/j.1365-2672.2003
https://doi.org/10.1371/journal.pone.0001120
https://journals.pan.pl/dlibra/results?action=AdvancedSearchAction&type=-3&val1=JournalTitle:%22Polish+Journal+of+Veterinary+Sciences%22
https://doi.org/10.1515/
https://doi.org/10.1128/
https://doi.org/10.1081/abio-120005771
https://doi.org/10.1128/jcm.38.3.1032-1035.2000
https://doi.org/10.1016/j.ejmhg
https://doi.org/10.1016/j.ijfoodmicro.2006.10.049
https://doi.org/10.1016/j.ijfoodmicro.2006.10.049
https://doi.org/10.3168/JDS.S0022-0302%2801%2974574-2
https://doi.org/
https://doi.org/10
https://doi.org/10.3168/
https://doi.org/10.1051/vetres:2003027
https://doi.org/10.1590/S0100-736X2012000800002
https://doi.org/10.1590/S0100-736X2012000800002
https://doi.org/10.1093/
https://doi.org/10.3168/
https://doi.org/10.3168/jds.S0022-0302(06)72330
https://doi.org/10.3168/jds.S0022-0302(06)72330
https://doi.org/10.1016/j.vetmic
https://doi.org/
https://doi.org/
https://doi.org/10.1016/S2095-3119
http://www.doi.org/10.1007/978-1-62703-245-2
http://www.doi.org/10.1007/978-1-62703-245-2
https://doi.org/10.21608/

