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ABSTRACT

Staphylococcus aureus (S. aureus) is a commensal bacterium associated with
serious infections in men and animals. Recently, multidrug-resistant (MDR)
strains of S. aureus especially the so-called methicillin-resistant S. aureus
(MRSA), represent a serious challenge that hinders the control of infections in
man and animals. This study aimed to monitor milk samples from mastitic cows
and vaginal and nasal swabs from dogs for the incidence of S. aureus. In addition,
the isolates' antibiogram profiles were assessed to determine the extent of MDR
and MRSA existence among the recovered isolates. Out of 260 samples, 29
(11%) S. aureus isolates were recovered with the highest incidence in milk
samples (15/90, 17%), followed by vaginal swabs (8/90, 9%) and nasal swabs
(6/80, 7%). ldentification of the isolates was confirmed by PCR amplification of
16S rRNA gene sequence. Twenty S. aureus isolates were tested against seven
antibacterial agents. Surprisingly, all the twenty isolates were MRSA and three
bitch vaginal isolates were MDR. The findings of this study call for more
research and cooperation between authors interested in assessing the MRSA and
MRD bacterial incidence in both medical and veterinary fields. The cooperation
will augment the challenge of disseminating MRSA and MDR staphylococci
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from animals to humans and vice versa.
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INTRODUCTION

The emergence of antibiotic-resistant bacteria
in livestock and companion animals poses an emerging
challenge for disease prevention and control and a
potential public health concern. The use of
antimicrobial agents on dairy farms as well as in pet
animals is a major concern in the emergence of
resistant bacterial pathogens. Although different
antibiotic classes of chemotherapeutics are used in
animal health management and human medicine, the
selection of resistance to one drug class may lead to
cross-resistance to another. Monitoring the emergence
of resistant pathogens in animal reservoirs is important,
particularly for those with zoonotic potential (Haran et
al., 2012).

Staphylococcus aureus (S. aureus), a Gram-
positive catalase-positive bacterium, is a common
inhabitant of the skin and mucosa including the
anterior nares of humans and animals. Although
classified as a commensal bacterium, S. aureus is a
facultative pathogen known as a major potential cause
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of infections ranging from mild skin lesions to severe
and probable fatal conditions (Crespo-Piazuelo and
Lawlor, 2021).

In animals, S. aureus has been known to cause
mastitis in dairy farms of cattle and small ruminants,
bumble feet in chickens, and many pyogenic infections
in different livestock. Animal-associated S. aureus
strains have been reported to differ from those affecting
humans (Smith, 2015).

Livestock-associated strains are commonly
distinct due to antibiotics in animal management as
feed additives to enhance growth in livestock and
poultry projects. Antibiotics are also used for animal
disease prevention and control (Silbergeld et al.,
2008). Unfortunately, antibiotics utilized in the
veterinary field include many classes prescribed for
humans such as tetracyclines, macrolides, penicillins,
sulfonamides and other classes.  Therefore,
antimicrobial resistance generated during animal
husbandry, as a result of the misuse of antibacterial
therapeutics, may be transmitted to the human public.
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This transmission could be through different ways such
as contact with contaminated meat products and
occupational contact. In turn, secondary spread to the
wider community from  occupationally-exposed
persons is possible (Smith, 2015).

The first cases of penicillin-resistant S. aureus
(the so-called S. pyrogens then) were reported less than
a decade after the discovery of penicillin in the 1940s.
Such resistance was controlled by plasmids containing
the so-called R-lactamase gene (blaZ) that produces an
enzyme able to destroy the B-lactam ring of penicillin
and other antibiotics (Barber, 1949; Novick, 1963;
Novick and Bouanchaud, 1971; Lowy, 2003).
Methicillin, a pB-lactamase resistant antibiotic, was
developed two decades after penicillin. Unfortunately,
methicillin-resistant S. aureus (MRSA) emerged within
two years. Methicillin resistance was found to be
driven by the mecA gene, which encodes a protein
named penicillin-binding protein 2a (PBP2a) to be
distinguished from the low-affinity PBP (Jevons,
1961; Barber, 1961; Hartman and Tomasz, 1984).

While methicillin resistance has been the main
research, the resistance of S. aureus to any antibacterial
therapeutic agent is possible. It can potentially threaten
the successful treatment of S. aureus infections in
animals and the human population
(Crespo-Piazuelo and Lawlor, 2021). Hence, animals
can act as a reservoir for antimicrobial-resistant S.
aureus that can be disseminated to other animals and
human consumers in contact. Monitoring the
emergence of resistant pathogens in animal reservoirs
is important for better control of Staphylococcal
infection in animals and man.

Therefore, this study targeted monitoring
samples of clinically fit cattle and dogs for their
potential reservoirs for multidrug-resistant S. aureus.

MATERIALS AND METHODS

Samples and bacterial isolation
Milk samples

Milk samples (no. = 90) were collected from
mastitic cows belonging to small flocks at Giza
Governorate. After cleaning the teat orifice using
cotton soaked in 70% ethanol, the first streams of milk
were discarded and about 15 ml were taken into a
sterile 50 ml falcon tube. Samples were taken on ice to
the laboratory with minimum delay (Matyi et al.,
2013).

The bacteriological investigation was initiated
by streaking 100 ul of milk onto 5% sheep blood agar
plate. After aerobic incubation at 37°C for 18-24 hours,
colonies suspected of being staphylococci were
processed for further identification.
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Nasal swabs

Nasal specimens (No. = 80 were collected
from the anterior nares of dogs admitted to veterinary
clinics at Giza using sterile cotton swabs dipped in
physiological saline. The swab was introduced into the
external nostril for 1-2 cm and rotated 2-3 times with
gentle pressure for a few seconds. The swabs were
taken into sterile test tubes and transported to the
laboratory on ice with minimum delay. Upon arrival at
the laboratory, the collected swab samples were
streaked onto mannitol salt agar (MSA) plates to
isolate S. aureus. The inoculated MSA plates were
incubated at 37°C for 24 hours. The suspected S.
aureus colonies were further processed for
identification and characterization. (Thulunga, et al.,
2015).

Vaginal swabs

A total of 90 samples were obtained from the
anterior vagina of bitches recruited to private
veterinary clinics in Cairo and Giza. Each bitch was
secured in a standing position with a deflected tail and
the external peri-vulvar area was disinfected with 5%
povidone iodine antiseptic. A sterile disposable swab
was carefully introduced, softly rolled against the
vaginal wall and put back into its sterile tube. A sterile
disposable swab was carefully introduced, softly rolled
against the vaginal wall and put back into a sterile tube
then transported to the laboratory. For bacterial
isolation, swabs were dealt with as described above
with the nasal swabs (Mamman et al., 2022).

Identification of S. aureus isolates

S. aureus isolates were identified based on
colony characteristics, Gram staining and biochemical
tests. A catalase test was performed and the catalase-
positive Staphylococcus spp isolates were tested using
the tube coagulase method. Coagulase-positive strains
were confirmed as S. aureus using PCR (Dai et al.,
2019).

DNA extraction and PCR assay

DNA was extracted from each coagulase-positive
staphylococcus isolate using the QlAamp DNA
extraction kit (QIAGEN Ltd., Manchester, United
Kingdom) following the manufacturer's instructions.
PCR Master Mix was prepared using Emerald Amp GT
PCR master mix (Takara, Japan, Code No. RR310A)
according to kit manufacturer instructions. PCR was
carried out in a 25 pl final volume using the primers
and the thermocycling program as shown in tables 1
and 2 (Mason et al., 2001). The PCR products were
separated by electrophoreses in 1% agarose gel in TBE
buffer followed by visualization on a UV
transilluminator (Sambrook et al., 1989).
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Table 1: Oligonucleotide primer sequences specific for the staphylococcus 16s rRNA gene.

Gene Primer sequences (5'-3") Length of amplified product
16S rRNA Forward:
CCTATAAGACTGGGATAACTTCGGG 791 bp
Reverse:
CTTTGAGTTTCAACCTTGCGGTCG
Table 2: PCR thermocycler conditions
Prlmar)_/ Seconda_r y Annealing Extension No. of Final extension
denaturation denaturation cycles
94°C (5 min) 94°C (30 sec) | 55°C (40sec) | 72°C (45 sec) 35 72°C (10 min)

Antimicrobial Susceptibility Testing (Dai et al., 2019)

The Kirby—Bauer disk diffusion method was used to test S. aureus antibiotic susceptibility. Zone diameter
interpretations were based on the protocol specified in the guidelines of the Clinical and Laboratory Standards
Institute [CLSI] (2015). Twenty S. aureus isolates were assessed for antimicrobial susceptibility to 7 antibiotics
(Oxoid, United Kingdom): methicillin (MET, 5ug/disc), cefoxitin (CX, 30ug/disc), penicillin G (P, 10 pg/disc),
colistin (CL, 10pg/disc), vancomycin (VA, 30ug/disc), imipenem (IPM, 10ug/disc) and levofloxacin (LE,

5ug/disc).
RESULTS

The results in table (3) show that, out of 90 cow milk samples, 15 s. aureus isolates were recovered
(17 %). Concerning dog samples, 8 and 6 s. aureus isolates were obtained out of 90 vaginal swabs (9%),6 out of

and 80 nasal swabs (9% and 7%), respectively. The overall incidence of S.
(11%) where 29 isolates were recovered from 260 samples.

aureus in the examined samples was

Table 3: Incidence of S. aureus in cow milk samples and dog nasal and vaginal swabs

Samples No. of samples No. of S. aureus Percentages of S. aureus
isolates no. isolates

Milk samples 90 15 17

Vaginal swabs 90 8 9

Nasal swabs 80 6 7

Total 260 29 11

Genotypically, the staphylococcal-specific product of the 16S rRNA gene (791 bp) was detected

in all 29 isolates (Fig. 1).

Fig. 1: Agarose gel electrophoresis of 16 S rRNA gene PCR products from S. aureus isolates. Lane L:
100 bp DNA size marker, Lane pos: S. aureus positive control product, lanes 1-9: PCR products of 10
S. aureus test isolates (791 bp) and lane Neg.: negative control (master mix without DNA template).
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Concerning the antibiogram profile (table 4), 19 S. aureus isolates (95%) were sensitive to imipenem and
13 were sensitive to levofloxacin (65%). On the other hand, all isolates were resistant to methicillin and penicillin
(100%) and 11 isolates were resistant to cefoxitin (55%).

Table 4: The antibiogram profile of 20 S. aureus isolates against 7 antibacterial agents

Isolate No. and
MET. CX. P. CL. VA. IPM. LE.

source
1 (milk sample) 12 |R| 26 | S|14| R | 14 | NI | 16 NI 28 S 21 S
2 (milk sample) 11 |R| 28 |S|15| R | 12 | NI | 18 NI 30 S 22 S
3 (milk sample) 9 |[R|28|S|18| R | 12 | NI | 19 NI 44 S 32 S
4 (milk sample) 8 |R| 2|1 |12| R 9 | NI| 15 | NI 34 S | 24 S
5 (milk sample) 9 |R{21 |1 |14 ]| R | 12 | NI | 16 NI 35 S 22 S
6 (milk sample) 0 |R| 0 |R|12| R 0 | NI'| 15 NI 20 S 18 I
7 (milk sample) 9 |R{24 |1 (18| R | 12 | NI | 19 NI 40 S 28 S
8 (Nasal swab) 0 |R| 0 |R|16]| R 0 | NI'| 18 NI 26 S 21 S
9 (Nasal swab) 0 |R| 0 |R|12| R 0 | NI'| 17 NI 27 S 21 S
10 (Nasal swab) 0O |R| 0O |R[13] R| O [NI|15 | NI 26 S | 19 S
11 (Nasal swab) 8 |[R|22 |1 |0 | R 0 | NI'| 12 NI 36 S 26 S
12 (Nasal swab) 0O R 0O |R|9|R 0 | NI'| 18 NI 28 S 22 S
13 (Nasal swab) 11 |R{20 |1 (18| R 0 | NI'| 13 | NI 28 S 17 S
14 (Nasal swab) 14 |R|{ 18 |R|13| R 0 | NI'| 14 NI 27 S 16 S
15 (vaginal swab) 16 |R| 20 |1 |13 ]| R 0 | NI'| 15 | NI 30 S 15 R
16 (vaginal swab) 0O |R| 0O |R| O] R 0 | NI'| 16 NI 26 S 17 I
17 (vaginal swab) 0O /R O|R|O|] R | O |NI| 15| NI 0 R | 16 I
18 (vaginal swab) 0O |R| 0O |R| O] R 0 | NI'| 14 | NI 23 S 13 R
19 (vaginal swab) 0O R 0O |R|9|R 0 | NI'| 15 NI 24 S 17 I
20 (vaginal swab) 0O |R| 0O |R| O] R 0 | NI'| 15 NI 26 S 18 I

(S%) 0% 15% 0% 0% 95% 65%

(1%) 0% 30% 0% 30% 0% 25%

(R%) 100% | 55% 100% 70% 5% 10%

Methicillin (MET), Cefoxitin (CX), Penicillin G (P), Colistin (CL), Vancomycin (VA), Imipenem (IPM)
and Levofloxacin (LE). S: sensitive, I: intermediate sensitive and R: resistant NI: not interpreted according
to CLSI as no zone diameter standards.
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DISCUSSION

S. aureus is a commensal pathogen that
causes severe diseases in animals with a negative
economic impact on the farm industry and affects the
human population. Although S. aureus has been
susceptible to every developed antibiotic, the
organism also demonstrated the ability to develop
antibiotic resistance mechanisms to compete and
survive against antibiotics (Chai et al., 2021). In the
current study, bovine milk samples and dog nasal and
vaginal swabs were monitored for the existence of S.
aureus in general and the multidrug-resistant (MDR)
strains. The obtained results indicate the high
prevalence of S. aureus in milk samples followed by
vaginal samples and the least incidence was recorded
in the nasal samples (17%, 9% and 7%, respectively).
The overall incidence of S. aureus in the examined
samples was 11% (29 isolates out of 260 samples).

In contrast, Thomson et al., (2022) reported a
high incidence of staphylococci in the nares of dogs
and cats (56.6% and 46.6%, respectively). However,
in their results, coagulase-negative staphylococci
(CoNS) were the most prevalent, while S. aureus was
recovered from only two out of 34 nasal swabs of
dogs. Therefore, when considering S. aureus, our
results coincide with theirs. The presence of CoNs
may hinder the colonization of the commensal S.
aureus leading to its low prevalence. Similar results
were recorded by Nemeghaire et al., (2014) who
reported a low prevalence of S. aureus in nasal swab
samples of cattle.

Concerning milk samples, a relatively high
prevalence of S. aureus was reported in this study
(17%). Tibebu et al., (2021) reported an even higher
incidence rate of S. aureus in milk samples of a cattle
herd (25.53%). Therefore, they called for effective
mastitis control programs and restriction of antibiotics
application in dairy projects. S. aureus is a common
finding in bovine clinical and subclinical mastitis. The
consequence of both is persistent and recurrent
infections and a low cure rate after antibiotic therapy
(Haag et al., 2019).

In our study, the incidence of S. aureus in
the vaginal samples of bitches was 9%. Bukar-kolo et
al., (2016) documented a higher incidence as they
obtained 10 S. aureus isolates from 15 anterior
vaginal swabs of bitches (66.66%). This big
difference can be attributed to the health status of the
tested animals as our samples were collected from
bitches with no reproductive complaints.

Identification of all S. aureus isolates was
made on morphological and biochemical bases. In
addition, PCR assay targeting the staphylococcal 16S
rRNA gene confirmed the identification. The PCR
results align with Al-Alak and Qassim (2016) who
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recommended applying PCR to identify S. aureus
isolates using 16S rRNA gene-specific primers.
Variable results were obtained with the antibiogram
assays performed on 20 S. aureus isolates in this study
(table 4). However, the very interesting similarity
shared by all isolates is their methicillin resistance
(MRSA). This alarming finding must be considered
seriously as these MRSA strains can be disseminated
not only to other animals but to humans in contact. In
addition, all isolates conferred resistance to penicillin.

Our results contradict those obtained by Mourabit
et al., (2020) who reported the absence of MRSA among S.
aureus isolates recovered from the anterior nares of farm
animals. Multidrug resistance (MDR) has been defined as
acquired non-susceptibility to at least one agent in three or
more antimicrobial categories (Magiorakos et al., 2012).
This definition is applied to three isolates out of six vaginal
swabs of bitches (50%). Two MDR isolates were similar as
they conferred resistance to methicillin, cefoxitin, Penicillin
G and levofloxacin. The third MDR isolate was slightly
different and conferred resistance to methicillin, cefoxitin,
Penicillin G and imipenem. The promising antibacterial
agent found in this study is imipenem, which was effective
against 19 of 20 isolates tested.

The high incidence of MRSA and the existing MDR
strains of S. aureus in the current study highlight the need for
improved efforts and programs to face such a challenge in
the study area. The control of antibiotic use is a highly
recommended intervention to reduce the spread of MRSA
between animals and humans (Pantosti, 2012).

CONCLUSION

S. aureus surveillance is often done within
human clinics and hospitals versus little research on
animals. In turn, the dissemination of clues of S. aureus
from livestock and companion animals to humans or
vice versa needs to be included. Therefore, considering
the event as one health aspect, the relationship between
public health and the agricultural and food industry
should be assistance rather than antagonism. In other
words, working together will undoubtedly ensure safer
food products and well-protected consumers, owners
and occupational personnel. Lastly, more attention to
this type of research is needed to improve the
effectiveness of antimicrobial stewardship in medical
and veterinary practices.

Conflict of interest
The authors declare that they are not involved
in any potential conflicts of interest.

REFERENCES

AL-ALAK, S. K., and QASSIM, D. K., 2016. Molecular
Identi cation of 16S rRNA gene in Staphylococcus
aureus Isolated from Wounds and Burns by PCR
Technique and Study Resistance of Fusidic acid. Iraqi
Journal of Cancer and Medical Genetics, 9(1): 25-30.



Isolation and Antibiogram Profiles of Staphylococcus aureus ........

BARBER, M. 1949. The incidence of penicillin-sensitive
variant colonies in penicillinase-producing strains of
Staphylococcus pyogenes. J Gen Microbiol. 3:274-81.
https://doi.org/10.1099/00221287-3-2-274

Barber, M. 1961. Methicillin-resistant staphylococci. J Clin
Path; 14:385-93.

BUKAR-KOLO, Y.M., INNOCENT D. PETER,
MUHAMMAD M. BUKAR, ABUBAKAR A.
MUHAMMAD and ILYA, J. A., 2016. Prevalence
and Antibiotic Susceptibility of Aerobic Bacterial Flora
of the Skin, Wound and Anterior Vagina of Sheep,
Goats and Dogs in Maiduguri, Nigeria. Alexandria
Journal of Veterinary Sciences, 49(2): 6-12.

CHAI, M.H., SUKIMAN, M. Z., CHAN, Y.F., LIEW,
Y.W., H LAI, L.Z, MOHAMAD, N.M., ARIFFIN,
S.M.Z, and GHAZALI, M.F.,, 2021. Detection,
antibiogram and molecular characterization of MRSA
and MSSA isolated from swine. 2nd International
Conference on Animal Production for Food
Sustainability 2021 10P Conf. Series: Earth and
Environmental Science 888 (2021) 012064 IOP
Publishing doi:10.1088/1755-1315/888/1/012064 1.

CLSI (Clinical and Laboratory Standards Institute),
2015. Performance Standards for Antimicrobial
Susceptibility Testing; Twenty-Fifth Informational
Supplement. M100-S25 Vol. 35 No. 3.

CRESPO-PIAZUELO, D., and LAWLOR, P. G., 2021.

Livestock-associated methicillin-resistant

Staphylococcus aureus (LA-MRSA) prevalence in

humans in close contact with animals and measures to

reduce on-farm colonization. Ir Vet J. 74(1):21.

https://doi.org/10.1186/s13620-021-00200-7

J, W.U.S,, HUANG, J., WU, Q., ZHANG, F.,

ZHANG, J., WANG, J., DING, Y., ZHANG, S,

YANG, X., LEI, T., XUE, L., and WU, H., 2019.

Prevalence and Characterization of Staphylococcus

aureus Isolated From Pasteurized Milk in China. Front.

Microbiol. 10:641.

https://doi.org/10.3389/fmicb.2019.00641

HAAG, AF., FITZGERALD, J.R., and PENADES, J.R.,
2019. Staphylococcus aureus in animals. Microbiol
Spectrum 7(3):GPP3-0060.

HARAN, K. P., GODDEN, S. M., BOXRUD, D.,
JAWAHIR, S. BENDER, J. B., and STEEVATSAN,
S., 2012. Prevalence and characterization of
Staphylococcus aureus, including methicillin-resistant
Staphylococcus aureus, isolated from bulk tank milk
from Minnesota dairy farms. Journal of Clinical
Microbiology, 50 (3): 688-695.

HARTMAN, B.J., and TOMASZ, A., 1984. Low-affinity
penicillin-binding protein associated with beta-lactam
resistance in Staphylococcus aureus. J Bacteriol.
1984;158:513-6.
http://dx.doi.org/10.1128/JB.158.2.513-516.1984

JEVONS, M.P. 1961. “Celbenin” - resistant Staphylococci.
BMJ.;1:124-5. PMCID: PMC1952888.

LOWY, F.D. 2003. Antimicraobial resistance: the example of
Staphylococcus aureus. J Clin Invest.; 111:1265-73.

MAGIORAKOS, A. P,, SRINIVASAN, A., CAREY, B.,
CARMELLI, Y., FALAGAS, M. E., GISKE, C.G,,
HARBARTH, S., HINDLER, J.F., KAHLMETER,
G., OLSSON-LILJEQUIST, B., PATERSON, D. L.,
RICE, L. B., STELLING, J., STRUELENS, M.J.,

DAI

43

VATOPOULOS, A., WEBER, J.T., and MONNET,
D.L., 2012. Multidrug-resistant, extensively drug-
resistant and pan drug-resistant bacteria: an
international expert proposal for interim standard
definitions for acquired resistance. Clin. Microbiol.
Infect; 18: 268-281.

MAMMAN, P. H., UMAR, B. N., KAKUDI, A. N,
AHMED, A. O, CHAH, K., and KAZEEM, H. M.,
2022. Phenotypic and Molecular Characterization of
Aerobic Bacteria from the Vagina of Apparently

Healthy and Infertile Bitches in Zaria, Nigeria.
Research ~ Square:  https://doi.org/10.21203/rs.3.rs-
1580205/v1.

MASON, W. J., JON S. BLEVINS, KAREN BEENKEN,
NOROYONO WIBOWO, NEELUM OJHA and
MARK S. SMELTZER, 2001. Multiplex PCR
Protocol for the Diagnosis of Staphylococcal Infection.
Journal of Clinical Microbiology, 39(9): 3332-3338,
https://doi.org/10.1128/JCM.39.9.3332-3338.2001.

MATYI, S. A., DUPRE, J. M., JOHNSON, W. L., HOY,
P. R, WHITE, D.G., BRODY, T., ODENWALD,
W.F., and GUSTAFSON, J.E., 2013. Isolation and
characterization of Staphylococcus aureus strain from a
Paso del Norte dairy. Journal of Dairy Science, 96 (6):
3535-3542. https://doi.org/10.3168/jds.2013-6590

MOURABIT, N., ABDELHAY ARAKRAK,
MOHAMMED BAKKALI, ZEINEB ZIAN,
JOAIRA BAKKACH and AMIN LAGLAOU, 2020.
Nasal carriage of Staphylococcus aureus in farm
animals and breeders north of Morocco. BMC
Infectious Disease, 20:602. https://orcid.org/0000-
0001-5941-2243

NEMEGHAIRE, S., M ANGELES ARGUDIN, FREDDY
HAESEBROUCK and PATRICK BUTAYE, 2014.
Epidemiology and molecular characterization of

methicillin-resistant  Staphylococcus aureus nasal
carriage isolate from bovines. BMC Veterinary
Research 2014, 10:153.

http://www.biomedcentral.com/1746-6148/10/153.

NOVICK, R. P. 1963. Analysis by transduction of
mutations  affecting penicillinase  formation in
Staphylococcus aureus. J Gen Microbiol. 1963;33:121-
36. https:// doi. org/ 10. 1099/ 00221 287- 33-1- 121. 9.

NOVICK, R.P., and BOUANCHAUD, D., 1971.The
problems of drug-resistant pathogenic bacteria.
Extrachromosomal nature of drug resistance in
Staphylococcus aureus. Ann N Y Acad Sci.; 182:279.

PANTOSTI, A. 2012. Methicillin-resistant Staphylococcus
aureus associated with animals and its relevance to
human health. Frontiers in Microbiology 3, 127.

SAMBROOK, J., FRITSCGH, E.F., and MICHAEL R.
GREEN, 1989. Molecular cloning. A laboratory
manual. Fourth edition, Vol.1, Cold Spring Harbor
Laboratory Press, New York.
https://www.cshlpress.org/

SILBERGELD, E. K., GRAHAM, J.,, and PRICE, L. B,,
2008. Industrial food animal production, antimicrobial
resistance, and human health. Annu Rev Public Health,
29:151-169.

SMITH, T. C. 2015. Livestock-Associated Staphylococcus
aureus: The United States Experience., PLoS Pathog
11(2): e1004564.
http://dx.doi.org/10.1371/journal.ppat.1004564



https://doi.org/10.1099/00221287-3-2-274
https://doi.org/10.1186/s13620-021-00200-7
https://doi.org/10.3389/fmicb.2019.00641
http://dx.doi.org/10.1128/JB.158.2.513-516.1984
https://doi.org/10.21203/rs.3.rs-1580205/v1
https://doi.org/10.21203/rs.3.rs-1580205/v1
https://doi.org/10.1128/JCM.39.9.3332-3338.2001
https://doi.org/10.3168/jds.2013-6590
https://orcid.org/0000-0001-5941-2243
https://orcid.org/0000-0001-5941-2243
http://www.biomedcentral.com/1746-6148/10/153
https://www.cshlpress.org/
http://dx.doi.org/10.1371/journal.ppat.1004564

Ali Zedan, et al..........

THOMSON, P., GARCIA, P., MILES, J., ISLA, D, —
YANEZ, C., SANTIBANEZ, R., NURNEZ, A, | Howtocite thisarticle: _
FLORES-YANEZ, C., DELRIO, C., and CUADRA, Ali Zedan, Nayerah Alatfeehy and Sherif Marouf,
F., 2022. Isolation and Identification of Staphylococcus 2023. Isolation and Antibiogram Profiles of
Species Obtained from Healthy Companion Animals Staphylococcus aureus Isolates from Cow milk and
and  Humans.  Vet.  Sci. 2022, 9, 79 Dog samples. Journal of Applied Veterinary
https://doi.org/10.3390%2Fvetsci9020079 Sciences, 8 (1): 38— 44.

THULUNGA, J., BHATTARA, A., BASNYAT, S, SING, DOI: https://dx.doi.org/10.21608/javs.2022.164610.1181
S.K., SINGH, A., and RIJAL, K.R., 2015. Screening

of Staphylococcus aureus as nasal carrier from hospital
personnel. International Journal Of Advances In Case
Reports, 2(8):493-497.

TIBEBU, L., YEREGA, B., EYASU T. and
WONDEWOSSEN  T., 2021. Prevalence of
Staphylococcus aureus, Methicillin-Resistant
Staphylococcus aureus and Potential Risk Factors in
Selected Dairy Farms at the Interface of Animal and
Human in Bishoftu, Ethiopia. Vet Med (Auckl),
23;12:241-251.
https://doi.org/10.2147%2FVMRR.S331968

44


https://dx.doi.org/10.21608/javs.2022.164610.1181
https://doi.org/10.3390%2Fvetsci9020079
https://doi.org/10.2147%2FVMRR.S331968

