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Abstract

Background and Aim: Staphylococcus aureus is a bacterium that causes several infectious diseases, including mastitis,
endocarditis, and osteomyelitis, and poses a threat to human and animal health. This study aims to phenotypically and
genetically identify S. aureus from the isolates collected from humans, animals, environment, and Dangke products in the
dairy farms of South Sulawesi Province, Indonesia, as well as to establish a genetic relationship among the isolated S. aureus
strains.

Materials and Methods: The total number of samples was 142, comprising 30 humans (skin swab), 58 animals (raw
milk), 14 dairy products (Dangke), and 40 environmental samples (water). S. aureus was phenotypically identified using
the culture method, followed by Gram staining, catalase test, and coagulase test. Simultaneously, genotypic identification
of S. aureus was performed using the conventional polymerase chain reaction and sequencing methods. Sequencing
data were analyzed using the MEGA X software by comparing BLAST National Center for Biotechnology Information
databases.

Results: The phenotypic methods revealed that 56/142 (39.4%) animal, human, and Dangke samples grew on culture,
and 56/56 (100%) were Gram stain positive, 56/56 (100%) catalase-positive, and 23/56 (41.1%) coagulase positive. The
genotypic method revealed that 32/56 (57.1%) samples amplified the nuc gene. The phylogenetic analysis of 12 isolates
revealed that they are all closely related and do not belong to distinct clades.

Conclusion: It indicates that S. aureus isolates from animals (S30) are probably the same strain as human isolates (H2, H3,
H4, and HS5). The findings of this study can be used as information regarding the importance of preventing and controlling
diseases caused by S. aureus using a health approach involving the human, animal, and environmental sectors. This study
was limited to the sequencing analysis of the nuc gene.
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Introduction environment, including water, manure, or the air [5].
S. aureus can be transmitted through the interaction
between individuals (directly or contaminated objects)
[6]. Inaddition, S. aureus can be transmitted zoonotically
by direct contact with animals or animal products [7].
Furthermore, S. aureus produces a thermostable extra-
cellular nuclease (thermonuclease/TNase) encoded by
the nuc gene, which is a virulence factor and one of
the essential characteristics. Therefore, it can be used
to differentiate S. aureus from Staphylococcus spp. The
nuc gene is frequently used as a specific target for iden-
tifying S. aureus through polymerase chain reaction
(PCR) [8.9].

Reliable identification of S. aureus is a signif-
Copyright: Juwita, et al. Open Access. This article is distributed under icant concern in clinical microbiological diagno-
the terms of the Creatve Commons Auruton 1.0 Itematenal i Identifying S. aureus can use phenotypic and
permits unrestricted use, distribution, and reproduction in any genotypic methods. Phenotypic methods include the
ithor(£) and the source, provide o Ik to the Creative Commans _ Culture method, followed by Gram staining, fermen-
license, and indicate if changes were made. The Creative Commons tation, catalase, and coagulase [10,11]. Genotypic
Public Domain Dedication waiver (http://creativecommons.org/ methods include Comparative methods based on stan-

publicdomain/zero/1.0/) applies to the data made available in this A A X
article, unless otherwise stated. dard band electrophoresis, genome characterization,

Staphylococcus aureus is a bacterium that causes
several infectious diseases and poses a threat to human
and animal health. S. aureus is a type of bacteria that
causes clinical and subclinical mastitis in dairy cattle.
The infection by these bacteria can result in economic
losses for the global dairy industry [1-3]. S. aureus, also
known as commensal bacteria, colonizes the nostrils
and skin in humans. It is also an opportunistic patho-
gen, causing superficial skin and soft-tissue infections,
as well as potentially life-threatening invasive diseases,
including bacteremia, pneumonia, endocarditis, and
osteomyelitis [4]. S. aureus can also survive in the
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and sequencing methods. Among the characterization
methods, random amplified polymorphic DNA-PCR,
repetitive element sequence-based PCR, restriction
fragment length polymorphism-PCR, pulsed-filed
gel electrophoresis-PCR, and multilocus sequence
typing-PCR have been established as a rapid and
straightforward technology for taxonomic and epi-
demiological analysis of numerous Staphylococcus
species [12-15]. Rapid and precise identification of
S. aureus from multiple potential sources of infection
is crucial for disease prevention and control [16].

This study aims to phenotypically and genetically
identify S. aureus from the isolates collected from
humans, animals, environment, and Dangke prod-
ucts in the dairy farms of South Sulawesi Province,
Indonesia, as well as establish a genetic relationship
among the isolated S. aureus strains.

Materials and Methods

Ethical approval and informed consent

This study has received ethical approval from the
Health Research Ethics Commission of Hasanuddin
University Hospital (Number: 105/UN4.6.4.5.31/
PP36/2021). Furthermore, all animal owners and
human contacts gave their written informed consent
to participate in this study before sampling.

Study period and location

The study was conducted from March to June
2021 at Hasanuddin University Medical Research
Centre and Disease Investigation Centre, Maros.

Sample collection

The total number of samples was 142, comprising
30 humans (skin swab), 58 animals (raw milk), 14
dairy products (Dangke), and 40 environmental
samples (water) obtained from 20 dairy farms (location
A-T) in Enrekang Regency, South Sulawesi Province,
Indonesia. Raw milk and water samples were collected
in sterile tubes, Dangke was transferred to sterile bags,
while skin swabs used Amies transport media (Oxoid
Ltd., Hampshire, UK). All samples were transported to
the laboratory at 4°C for bacterial analysis. The samples
were analyzed in March and stored for 18 h before the
analysis.

Phenotypic methods

Ten milliliters of milk sample and 10 g of Dangke
were inoculated into 90 mL of peptone water (PW;
pH 7.2+0.2 at 25°C) broth (Oxoid Ltd.) and incubated
at 37°C for 24 h. Next, samples grown on PW broth
were spread onto Baird-Parker agar (BPA) (Oxoid Ltd.)
and set at 37°C for 24-48 h [17]. Skin swab samples
were inoculated directly on BPA media and incubated
at 37°C for 24-48 h [18]. In addition, Gram staining,
catalase test, and coagulase test were performed on bac-
terial colonies growing on BPA [19]. S. aureus ATCC
25923 (Dartford, UK) was used as a positive control.

DNA extraction
The cultured bacterial colonies were extracted
using the boiling or heating method described by

Hassanzadeh et al. [20], with modifications. First,
one loop of bacterial colonies was transferred into
500 uL of Tris-EDTA buffer (Invitrogen, USA) and
vortexed. Next, 200 uL of bacterial cell suspension
was heated at 95°C for 25-30 min before being cen-
trifuged at 16060 x g for 15 min. Then, the resulting
pellet was added to 200 uL of nuclease-free water and
then homogenized.

Genotypic methods

Bacterial colonies were grown on BPA followed by
a conventional PCR to identify S. aureus. Confirmation
of S. aureus used the nuc gene target. Primer design
was forward 5'-GCGATTGATGGTGATACGGTT-3'
and primer reverse 5'-AGCCAAGCCTT
GACGAACTAAAGC-3" [21]. The product PCR
exhibits a size of 270 bp. DNA amplification was per-
formed using a PCR Machine (T100™ Thermal Cycler;
Bio-Rad, California, USA). The total volume of PCR
reaction was 25 uL, including 5 uL DNA, 0.5 uL of for-
ward primer and reverse primer, 6.5 uL nuclease-free
water, and 12.5 uL of KAPA2G Fast Ready Mix PCR
Kit (KAPA Biosystems, Cape Town, South Africa)
used in each reaction. The PCR conditions used were as
follows: Pre-denaturation at 95°C for 5 min, followed
by 35 cycles of denaturation at 95°C for 15 s, anneal-
ing at 55°C for 15 s, and extension at 72°C for 30 s,
followed by a final extension at 72°C for 5 min. A total
of 5 uL were visualized with 2% agarose gel with 1 uL.
Gel Red® Nucleic Acid Stain (Biotium Inc., California,
USA). Then, the PCR products were sequenced at
1* Base in Selangor, Malaysia. Several sample isolates
were selected as representatives for sequencing.

Statistical analysis

The nuc gene sequencing results were read using
sequence scanner v1.0 software (Applied Biosystem,
USA), and the data were saved in FASTA format. Then,
the data were analyzed using MEGA X (https://www.
megasoftware.net). Next, data were submitted to the
BLAST process at National Center for Biotechnology
Information database to identify isolates (https://www.
ncbi.nlm.nih.gov/). Finally, the phylogenetic tree was
reconstructed. The isolates were identified based on
the highest homology percentages to the reported
sequences.

Results

The results of phenotypic methods showed
that 56 (39.4%) samples from 142 samples grew on
BPA. S. aureus colonies on BPA were round, smooth,
convex, 2-3 mm in diameter, gray to black, and had
clear colony edges (halo-formed) (Figure-1). Samples
of Dangke, an unfermented dairy product, showed
positive growth of bacteria of 35.7%. In addition, it
was revealed that the isolated S. aureus strains were
100% gram-positive, 100% catalase-positive, and
41.1% coagulase-positive (Table-1).

In this study, the genotypic method revealed
that 32/56 (57.1%) samples amplified the nuc gene
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by PCR (Table-1). Figure-2 depicts the result of PCR
amplification of the nuc gene. Furthermore, the phy-
logenetic tree construction (Figure-3) showed that iso-
lates of humans (H1, H2, H3, H4, H5, and T1), animal
(S31, S39, and S30), Dangke (D05, D10, and DO1)
are in the same group of strains of S. aureus. Isolates
of H1 and S31 came from the exact farm (location A),
and isolates T1 and D01 also originated from the exact
farm (location T), while the other isolates came from
different farms. The isolates from dairy farms in South
Sulawesi Province were genetically closely associated
with S. aureus isolates from India (GU129656.1) and
Egypt MW965471.1). The genetic distances of the 12
S. aureus isolates differed (Table-2), with the closest

on Baird-Parker agar (a) and Staphylococcus aureus cell
morphology (black arrows) at 1000x (b).

M K+ NTC HI H2 H3 H4 HS TI S31 S39 S30 DOS D10 D01

Figure-2: Results of nuc gene amplification (270 bp). M:
Marker 50 bp; positive controls: ATCC 25923; sample code:
Human (H1, H2, H3, H4, H5, and T1), animal (S31, S39,
and S30), and Dangke (D05, D10, and D01); NTC=Non-
template control.

genetic distance being 0.00 and the farthest distance
being 0.02.

Discussion

This study aims to phenotypically and genetically
identify S. aureus from the isolates collected from
humans, animals, environment, and Dangke prod-
ucts in the dairy farms of South Sulawesi Province,
Indonesia, as well as to establish a genetic relationship
among the isolated S. aureus strains.

The results showed the growth of S. aureus
from the sample of animals (raw milk), humans
(skin swabs), and Dangke. Meanwhile, no S. aureus
was documented from the environmental sample.
In this study, the prevalence of S. aureus in raw
milk was higher than the results of the previous
studies [22,23]. S. aureus contaminates many raw
milk sources commonly associated with mastitis
or human carriers [24]. The growth of S. aureus
in dairy products (Dangke) indicates contamina-
tion, which is probably the result of the unhygienic
handling of the product. Improper food handling
practices contribute to bacterial contamination of
products [25]. In this study, S. aureus was found
colonized in the skin of 75% of dairy farmers and
40% of Dangke makers, which is higher than the
previous study, which reported colonization in 25%
of dairy farmers [26]. S. aureus cross-transmission
between humans and animals is frequently docu-
mented between farmworkers and dairy cattle due to
their proximity [27]. During milking, the hands of
farmers appear to be the principal transmitters of S.
aureus to the dairy cow [24].

S. aureus produces the enzyme catalase, which
functions in cells to prevent hazardous level of hydro-
gen peroxide (H,0,) from accumulating as a by-prod-
uct of metabolic activities, especially the electron
transport pathway [28]. Catalase is a heme protein
enzyme that decomposes H,O, into water and oxy-
gen. This reaction is evidenced by the rapid formation
of air bubbles [29]. In the case of S. aureus strains
that tested negative for catalase, mutations in the kat4
gene (catalase gene) were discovered [30].

Table-1: The results of the phenotypic and genotypic methods.

Samples Number of Phenotypic methods Genotypic
samples method
Culture Gram Catalase Coagulase nuc gene
(%) staining (%) test (%) test (%) target (%)
Animal* 58 32/58 (55.2) 32/32 (100) 32/32 (100) 10/32 (31.2) 20/32 (62.5)
Human**
Farmer 20 15/20 (75) 15/15 (100) 15/15 (100) 7/15 (46.7) 7/15 (46.7)
Dangke maker 10 4/10 (40) 4/4 (100) 4/4 (100) 2/4 (50) 1/4 (25)
Dangke 14 5/14 (35.7) 5/5 (100) 5/5 (100) 4/5 (80) 4/5 (80)
Environment
Water sources 20 0 0 0 0 0
Animal waste 20 0 0 0 0 0
Total 142 56/142 (39.4) 56/56 (100) 56/56 (100) 23/56 (41.1) 32/56 (57.1)

*=Raw milk samples, **=Skin swab sample

Veterinary World, EISSN: 2231-0916

560



Available at www.veterinaryworld.org/Vol.15/March-2022/5.pdf

Il H2 Staphylococcus aureus
Il H4 Staphylococcus aureus
Il D01 Staphylococcus aureus
Il D10 Staphylococcus aureus
MW965471.1 Staphylococcus aureus (Egypt)
_{: [l H5 Staphylococcus aureus
GU129656.1 Staphylococcus aureus (India)
_|: Il D05 Staphylococcus aureus
[ T1 Staphylococcus aureus
—— [l H3 Staphylococcus aureus
_|: I S30 Staphylococcus aureus
Il S39 Staphylococcus aureus
[l H1 Staphylococcus aureus
I 531 Staphylococcus aureus
NZ MSFE01000034.1 Staphylococcus aureus (Brazil)
JWMG01000038.1 Staphylococcus aureus (Germany)
_|: MH816974.1 Staphylococcus aureus (Iran)
MH816973.1 Staphylococcus aureus (Iran)
NZ MSFE01000036.1 Staphylococcus aureus (Brazil)

NZ NAIE01000290.1 Staphylococcus aureus (Australia)
NZ QBKY01000175.1 Staphylococcus aureus (Austria)
— —— NZ JAFIMP010000047.1 Staphylococcus aureus (Japan)
MT408298.1 Staphylococcus aureus (Philiphine)
_E GU229646.1 Staphylococcus aureus (Malaysia)
GU229647 1 Staphylococcus aureus (Malaysia)
— —— NZ RCLN01000067.1 Staphylococcus aureus (Taiwan)

NZ JAFIMP010000041.1 Staphylococcus aureus (Japan)
E NZ QBKY01000176.1 Staphylococcus aureus (Austria)
NZ PDFB01000033.1 Staphylococcus aureus (China)

NZ NBSJ01000167.1 Staphylococcus aureus (India)
I_E NZ NAIE01000264.1 Staphylococcus aureus (Australia)

JWMH01000034.1 Staphylococcus aureus (Germany)
|_E NZ PDFB01000034.1 Staphylococcus aureus (China)
CUDA01000848.1 Staphylococcus aureus (Turkey)
NZ RCLF01000077.1 Staphylococcus aureus (Taiwan)
JUKL01000003.1 Staphylococcus epidermidis (USA)

Figure-3: Phylogenetic tree construction. Isolates used in this research are shown in the black box. Phylogenetic analysis
was constructed based on the neighbor-joining tree with a two-parameter Kimura substitution model. Staphylococcus
epidermidis as an out-group.

Table-2: The genetic distance among Staphylococcus aureus isolates.

Number of Number of samples

samples 1 2 3 4 5 6 7 8 9 10 11 12
1. 831 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
2.S39 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3. S30 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01
4. H1 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
5. H2 0.01 0.01 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.01
6. H3 0.01 0.01 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.01
7. H4 0.01 0.01 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.01
8. H5 0.01 0.01 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.01
9.T1 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
10. D05 0.01 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.00 0.01
11. DO1 0.01 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.00 0.01
12. D10 0.01 0.01 0.00 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01

S. aureus produces coagulase enzyme is a poly-
peptide that binds and activates prothrombin, so that
it will convert fibrinogen into fibrin and increase

plasma or blood clotting [31]. In this study, 42% of
the isolates were coagulase-positive and 58% were
coagulase-negative. Coagulase-negative S. aureus is

Veterinary World, EISSN: 2231-0916

561



Available at www.veterinaryworld.org/Vol.15/March-2022/5.pdf

also found in raw milk samples and clinical speci-
mens [32,33]. In addition, a study reported a coagu-
lase-negative mutant of S. aureus [34].

In the past, the existence of the nuc gene was
used to identify S. aureus. The nuc gene is discov-
ered in most S. aureus isolates; nevertheless, certain
isolates have been discovered that lack this gene. The
previous report identified clinical and raw milk sam-
ples from dairy as positive for the nuc gene of 84%
and 100%, respectively [33,35]. The chromosome of
S. aureus encodes thermonucleases, nuc gene. The
nuc gene is known as a specific virulence factor in
S. aureus [36], and it contributes to biofilm forma-
tion [37] and immune evasion [38].

Differences are found between the results of
the phenotypic and genotypic methods for detect-
ing S. aureus strains. When using phenotypic
approaches, false positives are common, especially
when dealing with identical microbial species.
Furthermore, phenotypic methods cannot identify
microorganisms to the species level, let alone the
strain level, and cannot detect cells that cannot be
cultivated. However, genotypic approaches aided
metagenomic investigations of vast and diverse
bacterial communities by allowing identification
of previously unknown species, characterization of
non-cultured bacteria, and metagenomic studies of
previously unknown taxa [39-41].

A phylogenetic tree was developed to evaluate
the genetic relationship between the locally iden-
tified S. aureus and reported S. aureus based on the
nuc gene sequences. The result indicates that the sam-
ple isolates belonged to a monophyletic group with
other S. aureus strains. Based on genetic distance, ani-
mal isolate (S30) exhibits the most relative distance
to humans (H2, H3, H4, and H5), indicating that S.
aureus isolates from animals are probably the same
strain as human isolates. The strain of adapting after
a long-term relationship with humans is expected to
cause a host jump from humans to animals. Close
contact between humans and animals can facilitate
host-switching occurrences [42]. Domesticated ani-
mal studies revealed that a host switch from humans
occurred in the past [43]. The ability of some patho-
gens to transfer from one host species to another
poses a significant hazard to public health and food
security [44].

Conclusion

Phenotypic methods detected S. aureus in 39.4%
samples of animal, human, and Dangke, while geno-
typic methods identified 57.1% of samples as positive
for S. aureus. Thus, the phylogenetic analysis of the
12 isolates showed that they were closely related and
did not belong to distinct clades. The findings of this
study can be used as information regarding the impor-
tance of preventing and controlling diseases caused
by S. aureus using a health approach involving the
human, animal, and environmental sectors.

Authors’ Contributions

SJ: Designed the study, collected the data,
interpreted the data, and drafted the manuscript. Al,
RD, SS, and NLPIM: Designed the study, analyzed
the data, and drafted and revised the manuscript. All
authors read and approved the final manuscript.

Acknowledgments

This study was funded by grants of Doctoral
Research of the Ministry of Education, Culture,
Research, and Technology, Indonesia, with contract
number: 1/E1/KP.PTNBH/2021. The authors are
thankful to Governor of South Sulawesi Province,
Bupati Kabupaten Enrekang, and the Head of Dinas
Peternakan dan Perikanan Kabupaten Enrekang for
providing the necessary facilities during the study.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary world remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Gomes, F., Saavedra, M.J. and Henriques, M. (2016) Bovine
mastitis disease pathogenicity: Evidence of the potential
role of microbial biofilms. Pathog Dis., 74(3): 1-7.

2. Guimaraes, J.L.B., Brito, M.A.V., Lange, C.C., Silva, M.R.,
Ribeiro, J.B., Mendonga, L.C., Mendonga, J.F.M. and
Souza, G.N. (2017) Estimate of the economic impact of
mastitis: A case study in a Holstein dairy herd under tropical
conditions. Prev. Vet. Med., 142(1): 46-50.

3. Liy, K, Tao, L., Li, J,, Li, F, Cui, L., Li, J., Meng, X,
Zhu, G., Bi, C. and Wang, H. (2020) Characterization of
Staphylococcus aureus isolates from cases of clincal bovine
mastitis on large-scale Chinese dairy farms. Front. Vet. Sci.,
7: Article ID 580129.

4. Crosby, H.A., Kwiecinski, J. and Horswill, A.R. (2016)
Staphylococcus aureus aggregation and coagulation mecha-
nisms, and their function in host-pathogen interaction. Adv.
Appl. Microbiol., 96: 1-41.

5. Silva, V., Capelo, J.L., Igrejas, G. and Poeta, P. (2020)
Molecular epidemiology of Staphylococcus aureus lin-
eages in wild animals in Europe: A review. Antibiotics,
9(3): 1-28.

6. Knox, J., Uhlemann, A.C. and Lowy, FED. (2015)
Staphylococcus aureus infections: Transmission within
households and the community. Trends. Microbiol., 23(7):
437-444.

7. Kadariya, J., Smith, T.C. and Thapaliya, D. (2014)
Staphylococcus aureus, and staphylococcal food-borne dis-
ease: An ongoing challenge in public health. Biomed. Res.
Int., 2014 Article ID 827965.

8. Brakstad, O.G., Aasbakk, K. and Maeland, J.A. (1992)
Detection of Staphylococcus aureus by polymerase chain
reaction amplification of the nuc gene. J. Clin. Microbiol.,
30(7): 1654-1660.

9. Olson, M.E., Nygaard, T.K., Ackermann, L., Watkins, R.L.,
Zurek, O.W., Pallister, K.B., Griffith, S., Kiedrowski, M.R.,
Flack, C.E., Kavanaugh, J.S., Kreiswirth, B.N.,,
Horswill, A.R. and Voyich, J.M. (2013) Staphylococcus
aureus nuclease is an SaeRS-dependent virulence factor.
Infect. Immun., 81(4): 1316-1324.

Veterinary World, EISSN: 2231-0916

562



Available at www.veterinaryworld.org/Vol.15/March-2022/5.pdf

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kasela, M. and Malm, A. (2018) Overview of phenotypic
methods used for differentiation of Staphylococcus aureus.
Curr. Issues Pharm. Med. Sci., 31(3): 117-121.

Guimaraes, F.F., Joaquim, S.F., Manzi, M.P., da Silva, R.C.,
de Oliveira Bruder-Nascimento, A.C.M., Costa, E.O. and
Langoni, H. (2016) Comparison phenotypic and genotypic
identification of Staphylococcus species isolated from
bovine mastitis. Pesq. Vet. Bras., 36(12): 1160-1164.

Zare, S., Derakhshandeh, A., Haghkhah, M., Naziri, Z. and
Broujeni, A.M. (2019) Molecular typing of Staphylococcus
aureus from different sources by RAPD-PCR analysis.
Heliyon, 5(8): 1-6.

Dini, M., Shokoohizadeh, L., Jalilian, F.A., Moradi, A. and
Arabestani, M.R. (2019) Genotyping and characterization
of prophage patterns in clinical isolates of Staphylococcus
aureus. BMC Res. Notes, 12(669): 1-6.

Dendani, Z.C., Bezille, P. and Arcangioli, M.A. (2016) PCR
and PCR-RFLP genotyping of Staphylococcus aureus coag-
ulase gene: Convenience compared to pulse-field gel elec-
trophoresis. Comp. Clin. Pathol., 25(5): 1061-1064.
Omuse, G., van Zyl, K.N., Hoek, K., Abdulgader, S.,
Kariuki, S., Whitelaw, A. and Revathi, G. (2016) Molecular
characterization of Staphylococcus —aureus isolates
from various healthcare institutions in Nairobi, Kenya:
A cross-sectional study. Ann. Clin. Microbiol. Antimicrob.,
15(1): 1-9.

Capurro, A., Aspan, A., Unnerstad, H.E., Waller, K.P. and
Artursson, K. (2010) Identification of potential sources of
Staphylococcus aureus in herds with mastitis problems.
J. Dairy Sci., 93(1): 180-191.

Thaker, H.C., Brahmbhatt, M.N. and Nayak, J.B. (2012)
Isolation and identification of Staphylococcus aureus from
milk and milk products and their drug resistance patterns in
Anand, Gujarat. Ver. World, 6(1): 10-13.

Vatansever, L., Sezer, C. and Bilge, N. (2016) Carriage rate
and methicillin resistance of Staphylococcus aureus in food
handlers in Kars City, Turkey. SpringerPlus, 5: 1-5.
Kateete, D.P., Kimani, C.N., Katabazi F.A., Okeng, A.,
Okee, M.S., Nanteza, A., Joloba, M.L. and Najjuka, F.C.
(2010) Identification of Staphylococcus aureus: DNase and
Mannitol salt agar improve the efficiency of the tube coag-
ulase test. Ann. Clin. Microbiol. Antimicrob., 9(23): 1-7.
Hassanzadeh, S., Pourmand, M.R., Afshar, D., Dehbashi, S.
and Mashhadi, R. (2016) TENT: A rapid DNA extraction
method of Staphylococcus aureus. Iran J. Public Health,
45(8): 1093-1095.

Kou, X., Cai, H., Huang, S., Ni, Y., Luo, B., Qian, H., Ji, H.
and Wang, X. (2021) Prevalence and characteristics of
Staphylococcus aureus isolated from retail raw milk in
Northern Xinjiang, China. Front. Microbiol., 12: Article ID
705947, Pp.1-13.

Wang, W., Lin, X., Jiang, T., Peng, Z., Xu, J., Yi, L., Li, F,
Fanning, S. and Baloch, Z. (2018) Prevalence and char-
acterization of Staphylococcus aureus cultured from raw
milk taken from dairy cows with mastitis in Beijing, China.
Front. Microbiol., 9(1123): 1-16.

Matallah, A.M., Bouayad, L., Boudjellaba, S.,
Mebkhout, F., Hamdi, T.M. and Ramdani-Bouguessa, N.
(2019) Staphylococcus aureus isolated from selected dairies
of Algeria: Prevalence and susceptibility to antibiotics. Vet.
World, 12(2): 205-210.

Schmidt, T., Kock, M.M. and Ehlers, M.M. (2017)
Molecular characterization of Staphylococcus aureus
isolated from bovine mastitis and close human con-
tacts in South African dairy herds: Genetic diversity and
inter-species host transmission. Front. Microbiol., §:
Article no. 511, Pp.1-15.

Gizaw, Z. (2019) Public health risks related to food safety
issues in the food market: A systematic literature review.
Environ. Health. Prev. Med., 24(68): 1-21.

Regasa, S., Mengistu, S. and Abraha, A. (2019) Milk safety
assessment, isolation, and antimicrobial susceptibility

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

profile of Staphylococcus aureus in selected dairy farms of
Mukaturi and Sululta town, Oromia region, Ethiopia. Vet.
Med Int, 2019: Article ID 3063185.

Smith, T.C. (2015) Livestock-associated Staphylococcus
aureus: The United States experience. PLoS Pathog.,
11(2): 1-8.

Mustafa, H.S.I. (2014) Staphylococcus aureus can produce
catalase enzyme when adding to human WBCs as a source
of H,0, productions in human plasma or serum in the labo-
ratory. Open J. Med. Microbiol., 4(4): 249-251.

Reiner, K. (2010) Catalase Test Protocol. Bartlett Publisher.
Inc., Sudbury.

Lagos, J., Alarcon, P., Benadof, D., Ulloa, S., Fasce, R.,
Tognarelli, J., Aguayo, C., Araya, P., Parra, B., Olivares, B.,
Hormazabal, J.C. and Fernandez, J. (2016) Novel non-
sense mutation in the katA gene of a catalase-negative
Staphylococcus aureus strain. Braz. J. Microbiol., 47(1):
177-180.

McAdow, M., Missiakas, D.M. and Schneewind, O.
(2012) Staphylococcus aureus secretes coagulase and von
Willebrand factor-binding protein to modify the coagulation
cascade and establish host infections. J. Innate. Immun.,
4(2): 141-148.

Turutoglu, H., Tasci, F. and Ercelik, S. (2005) Detection of
Staphylococcus aureus in milk by tube coagulase test. Bull.
Vet. Inst. Pulawy, 49(4): 419-422.

Karmakar, A., Dua, P. and Ghosh, C. (2016) Biochemical
and molecular analysis of Staphylococcus aureus clinical
isolates from hospitalized patients. Can. J. Infect. Dis. Med.
Microbiol., 2016: Article ID 9041636.

Korman, R.Z. (1963) Coagulase-negative mutants of
Staphylococcus aureus: Genetic studies. J. Bacteriol.,
86(3): 363-369.

Kimmel, J., Stessl, B., Gonano, M., Walcher, G.,
Bereuter, O., Fricker, M., Grunert, T., Wagner, M. and
Ehling-Schulz, M. (2016) Staphylococcus aureus entrance
into dairy chain: Tracking S aureus from dairy cow to
cheese. Front. Microbiol., 7: Article no. 1603.

Andrade, N.C., Laranjo, M., Costa, M.M. and
Queiroga, M.C.(2021) Virulence factors in Staphylococcus
associated with small ruminant mastitis: Biofilm produc-
tion and antimicrobial resistance genes. Antibiotics, 10(6):
1-18.

Yu, J., Jiang, F., Zhang, F., Hamushan, M., Du, J.,
Mao, Y., Wang, Q., Han, P., Tang, J. and Shen, H. (2021)
Thermonuclease contribute to Staphylococcus aureus bio-
film formation in implant-associated infection-a redundant
and complementary story. Front. Microbiol., 12: Article ID
687888.

Sultan, A.R., Hoppenbrouwers, T., Lemmens-den
Toom, N.A., Snijders, S.V., van Neck, J.W., Verbon, A.,
de Maat, M.P.M. and van Wamel, W.J.B. (2019) During
the early stages of Staphylococcus aureus biofilm forma-
tion, induced neutrophil extracellular traps are degraded
by autologous thermonuclease. Infect. Immun., 87(12):
1-13.

Rhoads, D.D., Wolcott, R.D., Sun, Y. and Dowd, S.E.
(2012) Comparison of culture and molecular identifica-
tion of bacteria in chronic wounds. Int. J. Mol. Sci., 13(3):
2535-2550.

Aguilera-Arreola, M.G. (2015) Identification and typing
methods for the study of bacterial infection: A brief review
and mycobacterial as a case of study. Arch. Clin. Microbiol.,
7(1): 1-19.

Franco-Duarte, R., Cernakova, L. Kadam, 8.,
Kaushik, K.S., Salehi, B., Bevilacqua, A., Corbo, M.R.,
Antolak, H., Dybka-Stepien, K., Leszczewicz, M., Relison
Tintino, S., de Souza, V.C.A., Sharifi-Rad, J., Coutinho, N.,
Martins, H. and Rodrigues, C.F. (2019) Advances in chemi-
cal and biological methods to identify microorganisms-from
past to present. Microorganisms, 7(5): 1-32.

Haag, A.F., Fitzgerald, J.R. and Penades, J.R. (2019)

Veterinary World, EISSN: 2231-0916

563



Available at www.veterinaryworld.org/Vol.15/March-2022/5.pdf

43.

Staphylococcus aureus in animals. Microbiol. Spectr, 7(3):
1-19.

223:173-180.

44.  Richardson, E.J., Bacigalupe, R., Harrison, E.M., Weinert, L.A.,
Akkou, M., Bouchiat, C., Antri, K., Bes, M., Tristan, A., Lycett, S., Vrieling, M., Robb, K., Hoskisson, PA.,
Dauwalder, O., Martins-Simoes, P., Rasigade, J.P., Holden, M.T.G., Feil, EJ., Paterson, G.K., Tong, S.Y.C.,
Etienne, J., Vandenesch, F., Ramdani-Bouguessa, N. and Shittu, A., van Wamel, W., Aanensen, D.M., Parkhill, J.,
Laurent, F. (2018) New host shift from human to cows Peacock, J., Corander, J., Holmes, M. and Fitzgerald, J.R.
within Staphylococcus aureus involved in bovine mastitis (2018) Gene exchange drives the ecological success of a multi-
and nasal carriage of animal’s caretakers. Ver. Microbiol., host bacterial pathogen. Nat. Ecol. Evol., 2(9): 1468-1478.

ook sk skoskskosk

Veterinary World, EISSN: 2231-0916

564



