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Prevalence and Ecology of Zoonotic Methicillin Resistant §. aureus
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Abstract | The high zoonotic importance of Staphylococcus aureus and the increasing rates of isolation of methicillin
resistant traits from both clinical and subclinical cases pose a major threat to human health and animal industry.
The aim of this study was to monitor methicillin-resistant isolates of S. aureus recovered from milk, human and
environmental samples in a small holder dairy unit, detection of their antibiotic resistance and their relation to biofilm
formation. Seventy-five milk samples besides 150 different environmental samples including (bulk milk tank swabs,
water trough swabs, feeding manager swabs, milk machine swabs, and bedding) and 50 nasal and attendants’ hand
swabs from animal attendants were collected using stratified random sampling technique. Samples were aseptically
cultured for isolation of §. aureus that was confirmed using molecular assays. Antibiotic sensitivity pattern and biofilm
formation using disc diffusion and Congo red method, respectively were detected. Resistant isolates were screened
tor Mec A and Ica A genes. The highest isolation percentage (64.0%) was obtained from manager followed by milk
machine swabs (60.0%). All strains showed complete resistance to cefoxitin and ampicillin (100.0% each) and varying
degrees of resistance to other used antibiotics. Mec A gene was detected in 5 out of 6 examined isolates meanwhile Ica
A gene was detected in all the tested isolates. It can be concluded that the environment considered the link between
animal and human infections through poor standards of hygiene and a possible cross relation between antibiotic
resistance particularly to methicillin and biofilm formation was also observed.

Keywords | Antibiotic Resistance, Biofilm, Cow’s Environment, MRSA, §. aureus

Received | February 25,2019; Accepted | March 30,2019; Published | May 30,2019

*Correspondence | Manar Bahaa E1 Din Mohamed, Department of Hygiene, Zoonoses and Epidemiology, Faculty of Veterinary Medicine, Beni—Suef University,
62511, Beni—Suef, Egypt; Email: Manarbahaa@gmail.com

Citation | Sahar A Abdel Aziz, Manar B Mohamed, Radwan IA (2019). Prevalence and ecology of zoonotic methicillin resistant s. aureus and its relation to
biofilm formation. Adv. Anim. Vet. Sci. 7(7): 609-616.

DOI | http://dx.doi.org/10.17582/journal.aavs/2019/7.7.609.616

ISSN (Online) | 2307-8316; ISSN (Print) | 2309-3331

Copyright © 2019 Aziz et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distri-
bution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

been reported worldwide (Naimi et al., 2001; Voss et al.,
2005). Misuse of antibiotics in the treatment of staphylo-
coccal infections had led to one important complication;
the emergence and maintenance of antibiotic resistant
traits among pathogenic S. aureus strains (Stastkova et

Stap/yylocaccus aureus is an important bacterial pathogen
that causes a variety of diseases in animals and humans
ranging from only skin infections to life threatening bacte-

raemia (Incani et al., 2013). Milk and its derivatives con-
sider a potential source of infection to human society due
to the ability of milk to act as a vehicle to such vicious

disease agent (Igbal et al., 2016).

Over the last decade’s methicillin resistant S. aureus

(MRSA) isolated from both humans and animals have

al., 2009). Noteworthy that multidrug resistance (MDR)
among §. aureus strains has become very common which
poses a high risk to both human and veterinary medicine

(Khan et al., 2007).

Farm animals infected or carrying MRSA strains can easi-
ly be involved in the spread of the pathogen not only to the
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farm personnel but also to raw food materials intended for
further processing (Stastkova et al., 2009). Therefore de-
tection of the resistance pattern is a supportive tool to an-
tibiotic treatment guidelines (Beema and Atindra, 2011).

S. aureus can survive on inanimate objects for prolonged
time therefore the environment plays uncontroversial
role in the spreading MRSA between animal and human
populations (Davis et al., 2012). Milk and dairy products
contaminated with antibiotic resistant bacteria including
MRSA present a major threat to public health as a result
of continuous circulation of resistant pathogens in the en-

vironment (Gwida and El-Gohary, 2015).

Biofilm is one feature of some bacteria that protects the
microorganism from host defenses and impedes delivery of
antibiotics (Gurjala et al., 2011). Virtually it was found that
multiple antibiotic resistances increased in MRSA having
the ability to form a biofilm causing failure of treatment,
chronic and recurrent infections (Diemond—Hernandez et

al., 2010: Pozzi et al., 2012; Neopane et al., 2018).

'The objectives of this study was to monitor the prevalence
of methicillin—resistant strains of S. aureus recovered from
animal, human and environmental samples in a small dairy
unit, and to assess the relation between biofilm formation
and their resistance pattern to different antibiotics in such
strains.

MATERIALS AND METHODS

STUDY AREA AND DESIGN

This study was carried out in a private dairy farm locat-
ed in Beni-Suef district (coordinates: 29E04'N31E05’E),
Egypt during the period from June 2017 to April 2018.
The farm consisted of 135 Friesian cows of different pro-
duction stages. Cows were housed in a partially sheltered
yards in 9 groups (n=15) according to their production,
with earthy floor, each group was provided with a com-
mon water trough and a common feeding trough. Cows
were milked twice/ day in abreast parlor prepared with 12
milking units. Eventually milk from cows was collected in
a bulk tank to be ready for transportation. The hygienic
status that prevailed in the farm based on observation and
a questionnaire was poor. Seventy-five milk samples be-
sides 150 different environmental samples including (bulk
milk tank swabs, water trough swabs, feeding manager
swabs, milk machine swabs, and bedding) and 50 nasal
and attendants’ hand swabs from animal attendants were
collected using stratified random sampling technique.
Samples were aseptically cultured for isolation of §. au-
reus and the identified isolates were tested for antibiotic
sensitivity against seven different antibiotics (ampicillin,
amoxicillin clavulanic acid, cefoxitin, cefepime, oxytetra-
cycline, enroflxacin and kanamycin) using disc diffusion
method (CLSI, 2017). Resistant bacteria were tested for

biofilm formation using Cogo Red Agar method then they
were screened for MRSA resistance and biofilm formation
genes using molecular techniques.

SAMPLE COLLECTION

A total number of 75 milk samples, (approximately 10 mL)
were collected from different animals that did not show
any signs of clinical mastitis. Sampling collection were
done randomly twice/ month throughout the study peri-
od. All milk samples were gathered according to National
Mastitis Council (1990) and they were kept in ice box to
be sent with minimal delay to the laboratory of Hygiene,
Zoonoses and epidemiology in the Faculty of Veterinary
Medicine, Beni—Suef University. One hundred and fifty
environmental samples including bulk milk tank swabs,
water trough swabs, feeding manager swabs, milk machine
swabs, and bedding. Beside, fifty human samples including
attendants’ hand swabs (7= 25) and nasal swabs (n= 25)
were collected from the dairy farm workers and attend-
ants. All attendants were men; their ages were ranged from

20-40-year-old, and apparently healthy.

ISOLATION AND IDENTIFICATION OF 8. AUREUS

One loopful from each milk sample was inoculated on
Baird Parker agar plates (BRA, Oxoid, Basingstoke, UK)
supplemented with egg yolk tellurite and incubated at 37°
C for 24-48 hrs. Typical black colonies with opaque halo
were collected and streaked on tryptic soya agar plates
incubated at 37° C for 24 hrs, the purified colonies were
preserved on tryptic soya agar slopes at 4° C for further
identification.

Whereas All the swab samples were pre—enriched on tryp-
tic soy broth (Oxoid, Basingstoke, UK) at 37° C for 18-24
hrs then a loopful from each tube showing turbidity was
cultivated on the surface of Baird Parker agar plates (Ox-
oid, Basingstoke, UK) and incubated at 37° C for 24—48hrs.
The purified isolates were identified on the basis of Gram
staining, oxidase, catalase and coagulase tests (Biolife, Mi-
lan, Italy) according to Quinn et al. (2002). Further iden-
tification of the isolates was applied by amplification of §.
aureus specific Nuc gene.

PHENOTYPIC SCREENING OF B10oFILM FORMATION
Biofilm formation was determined qualitatively using
Congo red agar assay (CRA) (Osman et al., 2015), depend-
ing on the characteristic morphology of §. aureus biofilm
formation on CRA. Colonies were cultured on CRA plates
consisting of; 37 g/L of Brain Heart Infusion agar (BHI,
Merck), 0.8 g/L of Congo red dye (Merck, Darmstadt,
Germany) and 50 g/L of sucrose (Merck). Isolates were
inoculated on CRA plates and incubated aerobically at 37°
C for 24 hrs and then plates were kept at room tempera-
ture for 48 hrs.
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Table 1: Sequences of target genes, amplicon sizes and cycling conditions specific for S. aureus
Target Primer sequences Amplified Primary Amplification (35 cycles) Final References
SENC SO denaj Secondary Annealing Extension extension

(bp) turation  jepaturation
Nuc 94°C 94°C 55°C 72°C 72°C Gao et al.,
ATATGTATGG- 395 5min. 30 sec. 45 sec. 45 sec. 10 min. 2011
CAATCGTTTCAAT
GTAAATG-
CACTTGCTTCAG-
GAC
Mec  GTA GAA ATG ACT 310 94°C 94°C 50°C 72°C 72°C McClure et
A GAA CGT CCG ATA A 5 min. 30 sec. 30 sec. 30 sec. 7 min. al., 2006
CCA ATT CCA CAT
TGTTTC GGT CTA A
IcaA CCT AACTAA CGA 1315 94°C 94°C 49°C 72°C 72°C Ciftci et
AAG GTA G 5 min. 30 sec. 45 sec. 1.2 min. 12 min. al., 2009

'The results of biofilm formation were interpreted according
to colonial morphology using a four—color reference scales
varying from red to black. Black colonies were considered
to be biofilm—producers, while almost-black colonies were
considered weak biofilm producers. Red and purple colo-
nies were considered non—biofilm producers (Lira et al.,

2016).

ANTIBIOTIC SUSCEPTIBILITY TESTING

The antimicrobial sensitivity test was done by disk diffu-
sion method according to CLSI (2017) using seven an-
tibiotics (ampicillin 10 pg, amoxicillin clavulanic acid 25
pg, cefoxitin 30 pg, cefepime 25 pg, oxytetracycline 30 pg,
enrofloxacin 10 pg and kanamycin 3 pg) (Oxoid, Basing-
stoke, UK).

MOLECULAR ANALYSIS OF MRSA AND BioFiLM GENES
Six resistant strains of . aureus to cefoxitin were randomly
selected and submitted for detection of Mec A gene that
is implicated in methicillin resistance and Ica A genes re-
quired for synthesis of PIA for biofilm formation (Boye et
al., 2007) by molecular analysis, which was applied in bi-
otechnology center in the animal health research institute
according to Sambrook and Russel (1989). The primer se-
quencing and cycling conditions for the target genes were
mentioned in Table 1.

RESULTS AND DISCUSSION

Mastitis and in particular subclinical one caused by S. au-
reus is a primary and the most lethal agent affecting our
cattle. Increasing concern about the presence of such con-
tagious zoonotic pathogen that cause several pathological
conditions to humans and spread between cows during the
milking time through contaminated environment and at-
tendants hands (Artursson et al., 2016). Such circumstance

resembles a circle where pathogens, susceptible animals,
human, and the environment play a specific role in magni-
fication of the problem.

Table 2: Prevalence of §. aureus isolated from different
examined samples throughout the study period

8. aureus prevalence

Examined Positive samples
Samples/ Swabs samples (No.) (%)
(No.)
Cows:
Milk sample 75 18 24.0
Humans:
Nasal swab 25 10 40.0
Attendant's hand 25 7 28.0
Cows' environment:
Water sample 25 0 0.0
Wiater trough 25 0 0.0
Feeding manager 25 16 64.0
Bedding 25 0 0.0
Milk tank 25 0 0.0
Milk machine 25 15 60.0
Total 275 66 24.0

S. aureus was isolated from 66 (24.0%) of 275 samples
based on cultural and biochemical properties as shown in
Table 2, moreover the highest bacterial isolation rate was
obtained from feeding manager (environmental sample)
tollowed by swabs from milk machine, nasal swabs, attend-
ants’hand swab (human samples) and milk sample (animal
samples) (64.0, 60.0, 40.0, 28.0 and 24.0%, respectively),
while no isolation was obtained from bedding, milk tank
swabs, water sample or water trough swabs (0.0%). In the
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Table 4: Prevalence and categorization of biofilm forming isolates of S. aureus using CRA obtain from cows, humans

and their environment

Biofilm formation Samples

Examined Positive
Samples / Swabs
Animal samples
Milk 75 18
Human samples
(hand & nasal swabs) 50 17
Environmental Samples
(milk machine, manager) 50 31
Total 175 66

Biofilm Category

Negative =~ Weak Moderate  Strong
No. % No. % No. % No. %
4 222 9 500 5 278 0 0.0
4 235 8 471 2 118 3 176
16 516 8 258 5 161 2 6.5
24 364 25 379 12 182 5 7.6

Table 5: Correlation between antibiotic resistance and biofilm formation in S. aureus isolates

Biofilm formation

Antibiotic

Amoxicillin clavulanic acid 28
Cefepime 19
Kanamycin 10
Cefoxitin 66
Enrofloxacin 44
Ampicillin 66
Oxytetracycline 34

present study frequent distribution of §. awreus isolated
from different samples revealed that most of the isolates
were obtained from the animals’ environment in particular
milk machine and feeding manager swabs that spot light
on the importance of regular cleaning and disinfection in-
side the farm and this could be attributed to the gener-
al standards of hygiene in the farm under study was poor
and not sufficient enough to eliminate the risk of infec-
tion from the environment that could be the reservoir for
both animals and humans in contact. Zakary et al. (2011)
concluded that high incidence of §. aureus is indicative of
poor hygienic measures during production and handling.
Attendants’ hands are considered as a source of contami-
nation with S. aureus in dairy farms (Roberson et al., 1998;
Zadoks et al., 2002; Olivindo et al., 2009; Matyi et al.,
2013). The results obtained in this study were nearly simi-
lar to those reported by Hamid et al. (2017) and Unnerstad
et al. (2009).

Concerning the results of antibiotic sensitivity profile (Ta-
ble 3) of the obtained strains of §. aureus were remarkably
resistant to two or more of the tested antibiotics (mul-
ti-drug resistance) moreover they all were completely re-
sistant to ampicillin and cefoxitin (100.0%), also all sam-
ples showed a higher degree of resistance to enrofloxacin
mainly the strains recovered from nasal swabs followed by
hand swabs, feed manager swabs milk samples and milk
machine swab (80.0, 71.4, 68.8, 66.7 and 53.3%, respec-

No. of resistant isolates

Biofilm former Non-biofilm former

No. % No. %

10 35.7 18 64.3
26.3 14 73.7

3 30.0 7 70.0

42 63.6 24 36.4

20 45.5 24 54.5

42 63.6 24 36.4

15 441 19 55.8

tively). Variable degrees of resistance were recorded against
the other tested antibiotics. On the other strains recovered
from milk samples and nasal swabs exhibited high sensi-
tivity mainly to kanamycin (83.3 and 70.0%, respectively)
while hand swabs and feed manager swabs exhibited near-
ly similar sensitivity to cefepime (57.1 and 56.3%, respec-
tively). Antibiotic sensitivity testing had revealed that most
of recovered traits of §. aureus showed multidrug resistance
in particular to cefoxitin and ampicillin (100.0%). The ob-
vious pattern of multidrug resistance of the studied strains
of 8. aureus from animals, humans or environment spot
light on a leading problem of possibility cross antibiotic re-
sistance between the three sources although environmental
isolates exhibited to some extent lesser degree of resistance
compared to animal and human strains and this may be
due to the less use of antibiotics to control them as well
less use of disinfectants in this farm. Arenas et al. (2017)
revealed that the livestock producers could be a source of
exposure to multidrug resistant S. aureus strains as a result
of abuse of antibiotic treatment of animals and unhygien-
ic livestock practices. These results were to some extent in
harmony with De Oliveira et al. (2000) and Guerin et al.
(2003). On the contrary to the findings in this study Be-
gum et al. (2007) recorded that §. aureus was 82.86% and
37.14% resistant to penicillin—G and amoxicillin.

Referring to the prevalence of biofilm forming strains of .
aureus using CRA as shown in Table 4 it was found that
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out of 66 strain of §. aureus 25 (37.9%) were capable of
forming weak biofilm whereas 5 (7.6%) and 12 (18.2%)
exhibited strong and medium biofilm formation capacity
respectively. Meanwhile 24 (36.4%) did not show any bio

film formation. More specifically it was clear that the half
of animal samples (milk samples) (50.0%) exhibited weak
biofilm capacity, while 47.1% of human samples (nasal and
hand swabs) were weak biofilm formers. Concerning the
environmental samples (milk machine and feed manager
swabs) the majority (51.6%) showed no biofilm formation.
'The result of biofilm formation pattern of the obtained iso-
lates revealed that 37.9% of all isolates were weak biofilm
formers, 18.2% were moderate biofilm forming and 7.6%
were strong biofilm formers while 36.4% were non bio-
film formers. Similar results were recorded by Eyoh et al.
(2014) who identified biofilm production in 35.6% of §.
aureus isolates. And Chibueze et al. (2017) who reported
that 48.2% of the isolates have the potential to form bio-
film and 5.4% were strong biofilm producers while 8.9%
were moderate producers, 33.9% were weak producers and
51.8% were non biofilm producers. The implications of
biofilm forming isolates of S. aureus in infection in hos-
pitals environment and hospital personnel act as a steady
reservoir that negatively impact the patient health due to
biofilm formation inversely influence the antimicrobial

therapy (Fatima et al., 2011).

Regarding the relation between antibiotic resistance of
the recovered strains and their ability to form biofilm (Ta-
ble 5) there was an obvious relation between their ability
for biofilm formation and antibiotic resistance where 42
(63.6%) out of 66 resistant strain to cefoxitin and am-
piciilin were able to form biofilm, followed by 20 (45.5%)
of resistant strains to enrofloxacin were biofilm formers
and 15 (44.1%) of those resistant to oxytetracycline were
able to produce biofilm. On the other hand recovered
strains that showed the least resistance to kanamycin and
cefepime had the least ability to produce biofilm (30.0 and
26.3%, respectively), in other words it was clear that there
is a positive relation between antibiotic resistance and the
ability for biofilm formation in the same strains of S. au-
reus. Concerning the correlation between biofilm forma-
tion and antibiotic sensitivity pattern appositive correla-
tion was noticed between antibiotic resistance and biofilm
formation similar results obtained by Eyoh et al. (2014).
Also Fitzpatrick et al. (2005) found more MDR strains in
biofilm producers than in non—biofilm producers. Biofilm
formation in MDR §. aureus could be attributed to pres-
ence of extracellular polymeric substance that constitute
this matrix serving as a diffusional barrier for antibiotics,
thus influencing either the rate of transportation of the
molecule to the biofilm or the reaction of the antibiotic
with the matrix material (Corrigan et al., 2007).

Results of polymerase chain reaction for detection of Nuc

gene, MRSA gene (Mec A) and biofilm formation gene
(Ica A) (Figure 1) in the six randomly selected strains (2
environmental, 2 animal and 2 human samples) revealed
that Mec A was only detected in one environmental sam-
ple and all other animal and human samples, while Ica A
was detected in all of the selected strains. Referring to
genotypic detection of MRSA gene (Mec A) and biofilm
formation gene (Ica A) in S. aureus strains isolated in this
study, there was a correlation between the high prevalence
of Mec gene, Ica gene, and biofilm formation that indicat-
ed the important role of biofilm in the pathogenesis of .
aureus. In addition, biofilm formation resulted in marked
antimicrobial resistance due to the reduction of antimi-
crobial penetration, slower bacterial metabolic state as well
as easier exchange of resistance genes among cells which
complicates the therapeutic approaches against §. aureus
associated infections (Arciola et al., 2001; Yazdani et al.,
2006; Cosgrove and Fowler, 2008; Khameneh et al., 2016;
Naicker et al. 2016).

Figure 1: Agarose gel amplification for PCR products
specific for 8. aureus isolates on Nuc (a), Mec A (b) and
Ica A (c) genes amplified 395 bp, 310 bp and 1315 bp,
respectively. Lane (L): 100 bp Ladder “Marker”, Lanes
(1-6): examined samples, Lane Pos: Positive control, Lane
Neg: Negative control.
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CONCULSION

In the light of the study results it can be concluded that
the environment considers the link between animal and
human infections with MRSA through poor standard of
hygiene also animal attendants played a significant role in
the circulation of the pathogen in the environment in small
dairy units that considered representative to a major sector
of dairy industry in Egypt with similar circumstance and
facilities. Furthermore, a cross relation between antibiotic
resistance, in particular, methicillin and biofilm formation
was detected this was reflected by the presence of Mec and
Ica A genes in the same selected isolates. Further studies
should be employed to control the dissemination of such

MDR, biofilm producers’isolates of S. aureus.

ACKNOWLEDGMENT

'The authors thank Professor Mohamed A. El Bably pro-
fessor of Animal, Poultry and Environmental hygiene,
Beni-Suef University for his valuable assistance in writing
this paper and Dr. Ahmed Orabi, Department of Micro-
biology and Immunology Cairo University for technical
help. This research did not receive any specific grant from
funding agencies in the public, commercial or not-for-
profit sectors.

CONFLICT OF INTEREST

'The authors declare that they have no conflict of interest.

AUTHORS CONTRIBUTIONS

Authors 1 and 2: shearing the conception and design of
the study acquisition of data, analysis and interpretation of
data and all the scientific writing, while author 3 drafting
the manuscript and grammar revision also writing revision.

REFERENCES

* Arciola CR, Baldassarri L, Montanaro L (2001). Presence of Ica
A and Ica D Genes and slime production in a collection of
Staphylococcal strains from catheter—associated infections.
J. Clin. Microbiol. 39: 2151-2156. https://doi.org/10.1128/
JCM.39.6.2151-2156.2001

*Arenas NE, Abril DA, Valencia P, Khandige S, Soto CY,
Moreno—Melo V' (2017). Screening food-borne and
zoonotic pathogens associated with livestock practices
in the Sumapaz region, Cundinamarca, Colombia. Trop.
Anim. Hlth. Prod. 49 (4):739-745. https://doi.org/10.1007/
s11250-017-1251-6

* Artursson K, Séderlund R, Liu L, Monecke S, Schelin J (2016).
Genotyping of S. aureus in bovine mastitis and correlation
to phenotypic characteristics. Vet. Microbiol. 193: 156-161.
https://doi.org/10.1016/j.vetmic.2016.08.012

*Beema B, Atindra K (2011). Biofilm A challenge to Medical

Science. J. Clin. Diagnost. Res. 25(1): 127-130.

*Begum HA, Uddin MS, Islam MJ, Islam MA, Islam MT (2007).
Detection of biofilm producing coagulase positive §. aureus
from bovine mastitis, their pigment production, hemolytic
activity and antibiotic sensitivity pattern. ]. Bangladesh
Societ. Agric. Sci. Technol. 4: 97-100.

*Boye K, Bartels MD, Andersen IS, Moller JA, Westh H (2007).
A new multiplex PCR for easy screening of methicillin—
resistant S. aureus SCC Mec types 1-V. Clin. Microbiol.
Infect. 13: 725-727. https://doi.org/10.1111/1.1469-
0691.2007.01720.x

*Chibueze IJ, Falaki AA, Danladi CM, Maje IM, Olayinka
BO (2017). Biofilm formation and antibiotic susceptibility
profile of clinical isolates of S. aureus isolated from clinical
samples in Zaria, Nigeria. Clin. Microbiol. 6 (4): 1-3. https://
doi.org/10.4172/2327-5073.1000295

+Ciftci A, Findik A, Onuk A, Savasan S (2009). Detection of
methicillin resistance and slime factor production of &.
aureus in bovine mastitis. Brazilian J. Microbiol. 40: 254—
261. https://doi.org/10.1590/51517-83822009000200009

*CLSI (Clinical and Laboratory Standards Institute) (2017).
Performance Standards for Antimicrobial Susceptibility
Testing; Twenty— Seven Informational Supplement. M100-
S27.37(1).

*Corrigan RM, Rigby D, Foster TJ (2007). The role of SA
surface protein Sas G in adherence and biofilm formation.
Microbiology. 158 (8): 2435-2446. https://doi.org/10.1099/
mic.0.2007/006676-0

*Cosgrove SE, Fowler VG (2008). Management of methicillin—
resistant S. aureus bacteremia. Clin. Infect. Diseas. 46: 386-
393. https://doi.org/10.1086/533595

*Davis MF, Iverson SA, Baron P (2012). Household transmission
of methicillin-resistant §. aureus and other Staphylococci.
Lancet Infect. Dis. 12(9): 703-716. https://doi.org/10.1016/
S1473-3099(12)70156-1

*De Oliveira AP, Watts JL, Salmon SA, Aarestrup FM (2000).
Antimicrobial susceptibility of §. aureus isolated from bovine
mastitis in Europe and the United States. J. Dairy Sci. 83
(4): 855-62.

*Diemond-Hernindez B, Solérzano—Santos F, Miranda—
Novales G (2010). Production of Ica ADBC-encoded
polysaccharide intercellular adhesion and therapeutic
failure in pediatric patients with staphylococcal device—
related infections. BMC Infect. Dis. 10: 68—74. https://doi.
0rg/10.1186/1471-2334-10-68

*Eyoh AB, Toukam M, Atashili AJ, Assoumou O (2014).
Relationship between multiple drug resistance and biofilm
formation in S. aureus isolated from medical and non—
medical personnel in Yaounde, Cameron. Pan African
Medicine. J ISSN. 1937: 8688. https://doi.org/10.11604/
pamj.2014.17.186.2363

*Fatima K, Indu S, Meher R, Tariq M, Sharma SC (2011).
Detection of biofilm formation in § aureus: Does it have a
role in treatment. Trends Med. Res. 6:116-123. https://doi.
0rg/10.3923/tmr.2011.116.123

* Fitzpatrick F, Humphreys H, O’Gara JP (2005). The genetics
of staphylococcal biofilm formation: will a greater
understanding of pathogenesis lead to better management
of device—related infection. Clin. Microbiol. Infect. 11(12):
967-73. https://doi.org/10.1111/j.1469-0691.2005.01274.x

*Gao ], Ferreri M, Liu XQ, Chen LB, Su JL, Han B (2011).
Development of multiplex polymerase chain reaction assay
for rapid detection of §. aureus and selected antibiotic

July 2019 | Volume 7 | Issue 7 | Page 615

=SS


https://doi.org/10.1128/JCM.39.6.2151-2156.2001 
https://doi.org/10.1128/JCM.39.6.2151-2156.2001 
 https://doi.org/10.1007/s11250-017-1251-6 
 https://doi.org/10.1007/s11250-017-1251-6 
https://www.ncbi.nlm.nih.gov/pubmed/?term=Artursson K%5BAuthor%5D&cauthor=true&cauthor_uid=27599942
https://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%B6derlund R%5BAuthor%5D&cauthor=true&cauthor_uid=27599942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu L%5BAuthor%5D&cauthor=true&cauthor_uid=27599942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monecke S%5BAuthor%5D&cauthor=true&cauthor_uid=27599942
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schelin J%5BAuthor%5D&cauthor=true&cauthor_uid=27599942
https://doi.org/10.1016/j.vetmic.2016.08.012 
https://doi.org/10.1111/j.1469-0691.2007.01720.x 
https://doi.org/10.1111/j.1469-0691.2007.01720.x 
https://doi.org/10.4172/2327-5073.1000295 
https://doi.org/10.4172/2327-5073.1000295 
 https://doi.org/10.1590/S1517-83822009000200009 
https://doi.org/10.1099/mic.0.2007/006676-0 
https://doi.org/10.1099/mic.0.2007/006676-0 
https://doi.org/10.1086/533595 
 https://doi.org/10.1016/S1473-3099(12)70156-1 
 https://doi.org/10.1016/S1473-3099(12)70156-1 
https://www.ncbi.nlm.nih.gov/pubmed/?term=De Oliveira AP%5BAuthor%5D&cauthor=true&cauthor_uid=10791803
https://www.ncbi.nlm.nih.gov/pubmed/?term=Watts JL%5BAuthor%5D&cauthor=true&cauthor_uid=10791803
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salmon SA%5BAuthor%5D&cauthor=true&cauthor_uid=10791803
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aarestrup FM%5BAuthor%5D&cauthor=true&cauthor_uid=10791803
https://www.ncbi.nlm.nih.gov/pubmed/10791803
https://doi.org/10.1186/1471-2334-10-68 
https://doi.org/10.1186/1471-2334-10-68 
https://doi.org/10.11604/pamj.2014.17.186.2363 
https://doi.org/10.11604/pamj.2014.17.186.2363 
https://doi.org/10.3923/tmr.2011.116.123 
https://doi.org/10.3923/tmr.2011.116.123 
https://doi.org/10.1111/j.1469-0691.2005.01274.x 

OPENaACCESS

Advances in Animal and Veterinary Sciences

resistance genes in bovine mastitic milk samples. J.
Vet. Diagnost. Investigat. 23(5): 894-901. https://doi.
0rg/10.1177/1040638711416964

*Guerin FV, Carret G, Houffstchmitt P (2003). In vitro activity
of 10 antimicrobials agents against bacteria isolated from
cows with clinical mastitis. Vet. Rec. 152: 466—471. https://
doi.org/10.1136/vr.152.15.466

*Gurjala AN, Geringer MR, Seth AK (2011). Development of
a novel, highly quantitative in vivo model for the study of
biofilm-impaired cutaneous wound healing. Wound Repair
Regenerat. 19(3): 400-410. https://doi.org/10.1111/1.1524-
475X.2011.00690.x

*Gwida M, El-Gohary A (2015). Prevalence and characterization
of antibiotic resistance food borne pathogens isolated from
locally produced chicken raw meat and their handlers.
J. Dairy Vet. Anim. Res. 2(6): 238-244. https://doi.
org/10.15406/jdvar.2015.02.00062

*Hamid S, Bhat MA, Mir TA, Taku A, Badro, GA, Nazki S,
Malik A (2017). Phenotypic and genotypic characterization
of methicillin—resistant §. aureus from bovine mastitis.
Vet. World. 10(3):  363-367. https://doi.org/10.14202/
vetworld.2017.363-367

*Incani A, Hair C, Purnell P, O’Brien D, Cheng A, Appelbe A,
Athan E (2013). S. aureus bacteraemia: evaluation of the
role of transoesophageal echocardiography in identifying
clinically unsuspected endocarditis. Euro. J. Clin. Microbiol.
Infect. Dis. 32: 1003—-1008. https://doi.org/10.1007/s10096-
013-1838-4

*Igbal Z , Mohamed N, Seleem Hussain HI, Yuan Z (2016).
Comparative virulence studies and transcriptome analysis
of 8. aureus strains isolated from animals. Scient. Rep. 6
(5442): 1-12. https://doi.org/10.1038/srep35442

*Khameneh B, Diab R, Ghazvini K, Fazly Bazzaz BS (2016).
Breakthroughs in bacterial resistance mechanisms and the
potential ways to combat them. Microbiol. Pathog. 95: 32—
42. https://doi.org/10.1016/j.micpath.2016.02.009

*Khan, A, Sultan A, Tyagi A, Zahoor S, Akram M, Kaur S,
Vaishnavi CV (2007). Amplification of mec A gene in multi-
drug resistant S. aureus strains from hospital personnel. J.
Infect. Develop. Count. 1: 289-295. https://doi.org/10.3855/
jide.366

*Lira MC, Naves Givisiez PE, Canafistula de Sousa FG (2016).
Biofilm—forming and antimicrobial resistance traits of
Staphylococci isolated from goat dairy plants. J. Infect.
Develop. Count. 10 (9): 932-938. https://doi.org/10.3855/
jide.6714

*Matyi SA, Dupre JM, Johnson WL, Hoyt PR, White DG,
Brody T, Odenwald WEF, Gustafson JE (2013). Isolation
and characterization of S. aureus strains from a Paso del
Norte dairy. J. Dairy Sc. 96 (6): 3535-3542. https://doi.
org/10.3168/jds.2013-6590

*McClure JA, Conly JM, Lau, V, Elsayed S, Louie T, 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. 44:1141-114.

*Naicker PR, Karayem K, Hoek KG, Harvey J, Wasserman E
(2016). Biofilm formation in invasive S. aureus isolates is
associated with the clonal lineage. Microbiolog. Pathog. 90:
41-49. https://doi.org/10.1016/j.micpath.2015.10.023

*Naimi TS, LeDell KH, Boxrud DJ, Groom AV, Steward CD,
Smith K (2001). Epidemiology and clonality of community—

acquired methicillin resistant S. awrews in Minnesota
1996-1998. Clin. Infect. Dis. 33: 990-996. https://doi.
0rg/10.1086/322693

*National Mastitis Council (1990). Procedures for collecting
milk samples. http://www.nmconline.org/sampling.htm

*Neopane P, Nepal HP, Shrestha R, Uehara O, Abiko Y (2018).
In vitro biofilm formation by §. aureus isolated from wounds
of hospital-admitted patients and their association with
antimicrobial resistance. Int. J. Genet. Med. 11: 25-32.
https://doi.org/10.2147/IJGM.S153268

*Olivindo CDS, Chapaval L, Villarroel ABS, Alves FSE, Sousa
FGCD, Fernandes FEP (2009). Detec¢ao de S. aurcus
utilizando a técnica de REP-PCR no monitoramento da
qualidade do leite de cabra. Rev. Brasil. de Zoot. 38: 1317-
1321. https://doi.org/10.1590/51516-35982009000700022

*Osman KM, Abd El-Razik KA, Marie HS, Arafa A (2015).
Relevance of biofilm formation and virulence of different
species of coagulase negative Staphylococci to public health.
Euro. J. Clin. Microbiol. Infect. Dis. 34 (10): 2009-16.
https://doi.org/10.1007/s10096-015-2445-3

*Pozzi C, Waters EM, Rudkin JK, Schaeffer CR, Lohan
AJ, Tong P, Loftus BJ, Pier GB, Fey PD, Massey RC,
O’Gara JP (2012). Methicillin resistance alters the biofilm
phenotype and attenuates virulence in S. auwreus device
associated infections. PLoS Pathogen. 8: 8-12. https://doi.
org/10.1371/journal.ppat.1002626

*Quinn PJ,Markey BK, Carter ME, Donnelly WJC, Leonard FC,
Maguire D (2002). Veterinary Microbiology and Microbial
Diseases. 1* ed. Ames: Published Blackwell Science.

*Roberson JR, Fox LK, Hancock DD, Gay JM, Besser TE (1998).
Source of intra-mammary infections from §. aureus in dairy
heifers at first parturition. J. Dairy Sci. 81 (3): 687-693.
https://doi.org/10.3168/jds.S0022-0302(98)75624-3

*Sambrook X, Fritsch EF, Maniatis T (1989). Molecular
Cloning A Laboratory Manual. 2™ ed. Cold Spring Harbor:
Laboratory Press, New York.

*Stastkova Z, Karpiskova S, Karpiskova R (2009). Occurrence
of methicillin—resistant strains of §. auwreus at a goat
breeding farm. Vet. Med. 54 (9): 419-426. https://doi.
o0rg/10.17221/88/2009-VETMED

*Unnerstad EH, Lindberg A, Waller PK, Ekman T, Artursson
K, Nilsson—Ost M, Bengtsson B (2009). Carried a nation—
wide study on the microbial aetiology of cases of acute
clinical mastitis. Vet. Microbiol. 137: 90-97. https://doi.
org/10.1016/j.vetmic.2008.12.005

*Voss A, Loeffen F, Bakker J, Klaasen C, Wulf M (2005).
Methicillin—resistant . agureus in pig farming. Emerg.
Infect. Dis. 11: 1965-1966. https://doi.org/10.3201/
eid1112.050428

*Yazdani R, Oshaghi M, Havayi A, Pishva E, Salehi R,
Sadeghizadeh M (2006). Detection of Ica A D gene and
biofilm formation S. aureus isolates from wound infections.
Iranian J. Pub. Hlth. 35:25-28.

*Zadoks RN, Van Leeuwen WB, Kreft D, Fox LK, Barkem
HW, Schukken YH, Van Belkum A (2002). Comparison
of 8. aureus isolates from bovine and human skin, milking
equipment, and bovine milk by phage typing, pulsed—field
gel electrophoresis, and binary typing. J. Clin. Microbiol. 40
(11):3894-3902. https://doi.org/10.1128/JCM.40.11.3894-
3902.2002

*Zakary E, Nassif M, Mohammed G (2011). Detection of §.
aureus in bovine milk and its product by real time PCR assay.

Global J. Biotechnol. Biochem. 6:171-177.

July 2019 | Volume 7 | Issue 7 | Page 616

=SS


https://doi.org/10.1177/1040638711416964 
https://doi.org/10.1177/1040638711416964 
https://doi.org/10.1136/vr.152.15.466 
https://doi.org/10.1136/vr.152.15.466 
https://doi.org/10.1111/j.1524-475X.2011.00690.x 
https://doi.org/10.1111/j.1524-475X.2011.00690.x 
https://doi.org/10.15406/jdvar.2015.02.00062 
https://doi.org/10.15406/jdvar.2015.02.00062 
https://doi.org/10.14202/vetworld.2017.363-367 
https://doi.org/10.14202/vetworld.2017.363-367 
https://doi.org/10.1007/s10096-013-1838-4 
https://doi.org/10.1007/s10096-013-1838-4 
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iqbal Z%5BAuthor%5D&cauthor=true&cauthor_uid=27739497
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seleem MN%5BAuthor%5D&cauthor=true&cauthor_uid=27739497
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hussain HI%5BAuthor%5D&cauthor=true&cauthor_uid=27739497
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan Z%5BAuthor%5D&cauthor=true&cauthor_uid=27739497
https://doi.org/10.1038/srep35442 
 https://doi.org/10.1016/j.micpath.2016.02.009 
https://doi.org/10.3855/jidc.366 
https://doi.org/10.3855/jidc.366 
https://doi.org/10.3855/jidc.6714 
https://doi.org/10.3855/jidc.6714 
https://doi.org/10.3168/jds.2013-6590 
https://doi.org/10.3168/jds.2013-6590 
https://doi.org/10.1016/j.micpath.2015.10.023 
https://doi.org/10.1086/322693 
https://doi.org/10.1086/322693 
https://doi.org/10.2147/IJGM.S153268 
https://doi.org/10.1590/S1516-35982009000700022 
https://doi.org/10.1007/s10096-015-2445-3 
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loftus BJ%5BAuthor%5D&cauthor=true&cauthor_uid=22496652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pier GB%5BAuthor%5D&cauthor=true&cauthor_uid=22496652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fey PD%5BAuthor%5D&cauthor=true&cauthor_uid=22496652
https://www.ncbi.nlm.nih.gov/pubmed/?term=O'Gara JP%5BAuthor%5D&cauthor=true&cauthor_uid=22496652
https://doi.org/10.1371/journal.ppat.1002626 
https://doi.org/10.1371/journal.ppat.1002626 
https://doi.org/10.3168/jds.S0022-0302(98)75624-3 
https://doi.org/10.17221/88/2009-VETMED 
https://doi.org/10.17221/88/2009-VETMED 
https://doi.org/10.1016/j.vetmic.2008.12.005 
https://doi.org/10.1016/j.vetmic.2008.12.005 
https://doi.org/10.3201/eid1112.050428 
https://doi.org/10.3201/eid1112.050428 
 https://doi.org/10.1128/JCM.40.11.3894-3902.2002 
 https://doi.org/10.1128/JCM.40.11.3894-3902.2002 

