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Abstract
Staphylococcus (S.) aureus is universally the leading aetiologic cause of dairy mastitis.
Additionally, methicillin-resistant Staphylococcus aureus (MRSA) is a major pathogenic
bacterium in veterinary medicine and public health. Sixty-six cattleʼs milk samples were
collected randomly from different areas of the Nineveh Province from November 2018 to
February 2020. In this study, the classical and molecular biology methods had used to
identify the MRSA and detect the target genes. The results revealed that S. aureus was
isolated and identified based on classical methods such as catalase, clumping factors, and
coagulase test. In addition, the nuc gene was detected in all the positive S. aureus isolates
23 (34.8%), while the mecA gene was detected in 12 (52.2%) MRSA isolates by using
polymerase chain reaction (PCR) assay. The present work emerged that the results of
classical methods and the PCR technique were similar. MRSA is regarded as a significant
causative agent of various types of bovine mastitis in Iraq, and it can to resist all types of
beta-lactams. MRSA isolated from different regions in Mosul city. PCR assay is a powerful
method for detecting the different genes based on the target sequence of the specific gene.
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Contagious or environmental bacteria infect the mammary
gland because of the transmission of this bacteria from the
source of contamination such as a contaminated milking
machine, towels, the hands of milkers, bedding, soil, and the
feces from the udder of cattle (6). Successful programs are
applied to control mastitis based on the cleaning and
disinfecting of all the machines, and utensils that direct
contact with the surface of the teats and udder (5).
Staphylococcus is frequently present in various habitats such
as humans, animals, and plants (6). Also, it is considered a
highly significant cause that triggers clinical and primarily
subclinical mastitis in cattle herds (7). Furthermore, S.
aureus is considered an essential food-borne pathogen,
which is mainly responsible for the cause of food poisoning
cases, and outbreaks worldwide (8).The infected cow may be
a primary reservoir and source of contamination of the raw
milk with S. aureus (9). S. aureus possesses more than 30

Introduction
Mastitis is considered a primary distributed disease in
dairy herds and it is a frequent infection in dairy cows and
ruminants. Mastitis causes a significant economic loss via
direct and indirect costs (1). The direct costs of bovine
mastitis are veterinary treatment costs and require more of
the labor requirements (2). The indirect cost of clinical and
subclinical bovine mastitis is the significant economic losses
are reduced milk yield and quality due to mastitis (3). More
than 100 types of bacteria have been detected in the
mammary glands of cows, but a small number of these
microorganisms cause mastitis (4). The etiology
microorganisms of bovine mastitis are divided into two
groups: the first group is a contagious bacterium, and the
second group is an environmental bacterium according to
their reservoir, source, and mode of transmission (5).
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different virulence factors (10). S. aureus can produce
different types of exotoxins (11). Contaminated milk and
dairy products with S. aureus are seen as the primary sources
to trigger food poisoning to consumers (12). S. aureus can
resist various types of antibiotics and disinfectants (13). This
variation is based on the geographical territories, the genetic
characteristics of the isolates, and the type of samples (14).
Moreover, the S. aureus isolates showed resistance to all
types of β-lactam antibiotics. However, yet are applied to
cure of bovine mastitis (15). Methicillin-resistant
Staphylococcus aureus (MRSA) was documented in the
1970s and isolated from bovine mastitis (16). MRSA has the
gene (mecA), which codes penicillin-binding protein (PBP
2a), which has an alow affinity for β-lactam antibiotics (17).
Many reports showed that the MRSA strains had been
isolated from animals and humans causing infections, and
MRSA has been able to transfer between dairy cows and the
person milking them (18). The veterinarians, farm workers,
and farm animals are exposed to the potential risk by direct
contact with the infected cattle by the presence of MRSA in
bovine milk (19). The previous studies declared that MRSA
had been isolated from domestic animals such as veal calves
(20), poultry (21) , horses (22), and camel (23).
This study aimed to detect S. aureus isolates using the
traditional and molecular techniques on a specific gene nuc
and investigate methicillin-resistant S. aureus by detecting
the specific mecA gene for MRSA.

disinfect the teat from bacteria (24). The samples were kept
on an icebox and transported to the Research Center and
Laboratories, College of Veterinary Medicine, Mosul
University. The milk samples were streaked onto Blood
media (Lab M limited Topley house, Lancashire, United
Kingdom) and Mannitol salt media 7.5% plates (118 g/L)
(Lab M limited Topley house, Lancashire, United Kingdom).
The culture plates were incubated at 37°C for 24 h.
Isolation and Identification of S. aureus
The typical S. aureus colonies were examined by gram
staining and the traditional biochemical methods (catalase
and coagulase test), and morphology (25).
DNA isolation
All the positive S. aureus isolates were grown on
mannitol salt media for 24 h at 37°C. Genomics DNA of S.
aureus was isolated based on manufacturer's protocol for
Gram-positive bacteria, DNA of S. aureus isolated with the
DNeasy blood and tissue kit (Qiagen, Hilden, Germany). The
amount of DNA extracted was weighted using Nanodrop
(Biodrop, United Kingdom), and the DNA was stored at 20°C.
PCR Reaction
Based on the PCR assay, the specific-species nuc gene of
S. aureus and the mecA gene of MRSA was detected. PCR
interaction was implemented by the 200μl tube (Biozym,
Oldenhorf, Germany) together the whole volume mishmash
was 25 μL, consisting of 1 μL of each F and R primer (each
ten pmol/μL), (Eurofins Genomics, Ebersberg, Germany)
(Table 1). The molecular weight of the nuc gene is 166 bp
(26), while the molecular weight of the mecA gene is 533
(27), 12.5 μL of 2×Go Taq Green Master Mix, and eight μL
of double-distilled water (Promega). Eventually, a 2.5 μL
DNA template of S. aureus or MRSA was added to each 200
μl tube. The amplicons were determined using gel
electrophoresis with a 100 bp ladder in 2% agarose gel
(Peqlab, Erlangen, Germany).

Materials and methods
Sampling
Sixty-six samples were collected from the sub-clinical
mastitis from November 2018 to February 2020 from
different areas of the Nineveh Governorate. Milk samples
were obtained after cleaning the teat, ant-dipping the teat,
and discarding the first few streams of milk. The milk
samples collected from subclinical bovine mastitis were 10
ml. All milk was placed into sterile glass vials. After dipping
the teat detergent agents such as 70% alcohol were used to

Table 1: PCR programs and Primers in detecting of nuc and mecA of S. aureus and MRSA
Gene

Primer
Sequence (5- 3)
Amplicon Size [bp] Programme*
nuc-1
5-CCTGAAGCAAGTGCATTTACGA-3
nuc
166
I
nuc-2
5-CTTTAGCCAA GCCTTGACGAACT-3
MEC A-1
5-AAAATCGATGGTAAAGGTTGGC-3
mecA
533
II
MEC A-2
5-AG TTCTGCAGTACCGGATTTGC-3
PCR program: I: 35 times (94°C - 30s, 55°C - 30s, 72°C - 30s), II: 35 times (94°C - 30s, 54°C - 30s, 72°C - 30s).

Reference
(26)
(28)

(34.8%). All the positive S. aureus isolates had appeared the
positive results with Gram, catalase, and coagulase tests. In
addition, S. aureus was detected as round, golden-yellow
clusters on mannitol salt media and hemolysis on the blood
media. Furthermore, the study results demonstrated the nuc

Results
The number of samples used in the current study
collected from different regions in the Nineveh Governorate
was 66. S. aureus isolated from the milk samples was 23
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gene, which was detected in 23 (34.8%) of S. aureus (Figure
1). PCR assay was similar to the result of the phenotypic
determination tests. In terms of the presence and absence, the
mecA gene was seen in 12 (52.2%) of the 23 S. aureus
isolates (Figure 2).

the prevalence rate of S. aureus isolated from dairy mastitis
milk was 35.9% and 36.3% in Egypt (27, 28). While the
result of this study was lower than other studies that reported
the prevalence rate of S. aureus isolated from bovine mastitis
milk was 74% in Egypt, 70% in Hungary, 43% in the USA
(29, 30, 31). In addition, the result of the present study was
higher than other studies that reported the spread rate of S.
aureus isolated from mastitis milk was 21.8% in Germany
(32), and 5.6% in Korea (33). The prevalence rate of S.
aureus is different based on the geographical distribution and
the sanitary conditions in dairy farms, dairy plants. Many
previous studies appeared that the S. aureus has isolated
from skin of udder, bedding, workers' hands, insects, and
dust that played an essential role in the transmission of S.
aureus among cattle and contaminated milk (34). In addition,
the isolation of S. aureus from the different organs of
infected cows such as vagina, muzzle, skin wounds
participates in the transmission of S. aureus between body
sited in one hand and the environments on the other hand, as
well as dairy herds, moreover, from cows to their calves by
way of the ventilation or by feeding of milk having S. aureus
(35).
Furthermore, the prevalence rate of MRSA isolated from
bovine mastitis milk was 12 (52.2%). The result of the
current study was higher than other studies that reported the
spread rate of MRSA isolate was 28.2% in Egypt (36), 15%
in Belgium (37), and 0.18% in Korea (38). MRSA is
colonized and proliferated in the udder leading to cause the
subclinical and clinical mastitis, which causes enormous
economic loss (39). MRSA is transmitted from infected
cattle to the calf (20). MRSA has isolated from humans,
which contact domestic animals such as veterinarians,
workers, owners (19). The molecular biology techniques
were used to detect the mecA gene in S. aureus isolate, which
was encoded for the synthesis to synthesize Penicillinbinding protein based on the (PCR) assay to detect and
identify the target gene in the isolates (40).

Figure 1: 2% of Agarose gel electrophoresis shows the
product size of the nuc gene of the S. aureus isolates (166
bp).

Conclusion
S. aureus is regarded as a significant pathogenic
microorganism to humans and ruminants. It can cause
mastitis in mammals. MRSA possesses the mecA gene,
causing problems to humans and animals during treatment
because MRSA can resist the different types of beta-lactams
antibiotics. PCR is an essential method for identifying the
bacteria isolates and detecting the specific gene, and PCR is
faster, simpler, and more accurate.

Figure 2: 2% of Agarose gel electrophoresis shows an
amplicon of the mecA gene product of the methicillinresistant S. aureus isolates (533 bp).
Discussion
For several decades, S. aureus has been emergency
pathogenic bacteria in human and animal importance fields.
The current study used classical and molecular biological
methods to isolate and identify MRSA in bovine milk. This
study showed that the prevalence rate of S. aureus isolated
from milk samples was 23 (34.8%). The result of the present
study was nearest to the previous studies, which reported that
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omez. Methicillin-resistant Staphylococcus aureus of lineage ST398 as
cause of mastitis in cows. Lett. Appl. Microbiol. 2014;59:665-9. DOI:
10.1111/lam.12329
Bjorland J, Sunde M, Waage S. Plasmid-borne smr gene causes
resistance to quaternary ammonium compounds in bovine
Staphylococcus aureus. Clin. Microbiol. Rev. 2001;39(11):3999-4004.
DOI: 10.1128/JCM.39.11.3999-4004.2001
Vintov J, Aarestrup FM, Zinn CE, Olsen JE. Association between
phage types and antimicrobial resistance among bovine Staphylococcus
aureus from 10 countries. Vet. Microbiol. 2003;95(1-2):133-47. DOI:
10.1016/s0378-1135(03)00156-1
Sawant AA, Sordillo LM, Jayarao BM. A survey on antibiotic usage in
dairy herds in Pennsylvania. J. Dairy Sci. 2005;88(8):2991-9. DOI:
10.3168/jds.S0022-0302(05)72979-9
Devriese LA, Van Damme LR, Fameree L. Methicillin (cloxacillin)resistant Staphylococcus aureus strains isolated from bovine mastitis
cases. J. Vet. Med. Series B. 1972;19(7):598-605. DOI:
10.1111/j.1439-0450.1972.tb00439.x
Utsui Y, Yokota T. Role of an altered penicillin-binding protein in
methicillin- and cephem-resistant Staphylococcus aureus. Antimicrob.
Agents Chemother. 1985;28(3):397-403. DOI: 10.1128/AAC.28.3.397

948

)Iraqi Journal of Veterinary Sciences, Vol. 36, No. 4, 2022 (939-943

التشخيص الجيني لجين  mecAفي المكورات العنقودية
الذهبية المقاومة للميثيسيلين المعزولة من التهاب
الضرع في محافظة نينوى ،العراق

from bovine mastitis in Korea. J Dairy Sci. 2007;90(3):1176-85. DOI:
10.3168/jds.S0022-0302(07)71604-1
Piccinini R, Tassi R, Dapra V, Pilla R, Fenner J, Carter B. Study of
Staphylococcus aureus collected at slaughter from dairy cows with
chronic mastitis. J Dairy Res. 2012;79(2):249-55. DOI:
10.1017/S002202991200009X
Mork T, Kvitle B, Jorgensen HJ. Reservoirs of Staphylococcus aureus
in meat sheep and dairy cattle. Vet Microbiol. 2012;155(1):81-7. DOI:
10.1016 /j. vetmic. 2011.08.010
Enany ME, Younes S, Al-Gammal A M, Salem M, A. Prevalence of
coagulase (coa) gene and mec A gene of S. aureus isolated from bovine
]clinical mastitis. Suez Canal Vet Med J. 2013;18:149-57. [available at
Rene S Hendriksen, Dik J Mevius, Andreas Schroeter, Christopher
Teale, Danièle Meunier, Patrick Butaye. Prevalence of antimicrobial
resistance among bacterial pathogens isolated from cattle in different
European countries: 2002-2004. Acta Vet. Scand. 2008;50:28. DOI:
10.1186/1751-0147-50-28
Kwon NH, Park KT, Moon JS, Jung WK, Kim SH, Kim JM.
Staphylococcal cassette chromosome mec (SCCmec) characterization
and molecular analysis for methicillin-resistant Staphylococcus aureus
and novel SCCmec subtype IVg isolated from bovine milk in Korea. J
Antimicrob Chemother. 2005;56(4):624-32. DOI: 10.1093/jac/dki306
Tenhagen B-A, Vossenkuhl B, Käsbohrer A, Alt K, Kraushaar B,
Guerra B. Methicillin-resistant Staphylococcus aureus in cattle food
chains - prevalence, diversity, and antimicrobial resistance in Germany.
J Anim Sci. 2014;92(6):2741-51. DOI: 10.2527/jas.2014-7665
Fournier C, Kuhnert P, Frey J, Miserez R, Kirchhofer M, Kaufmann T.
Bovine Staphylococcus aureus: association of virulence genes,
genotypes and clinical outcome. Res Vet Sci. 2008;85(3):439-48. DOI:
10.1016/j.rvsc.2008.01.010

عمر هاشم شيت
فرع الصحة العامة البيطرية ،كلية الطب البيطري ،جامعة الموصل،
الموصل ،العراق
الخالصة
تعتبر المكورات العنقودية الذهبية هي العامل المسبب الرئيسي
اللتهاب الضرع البقري في جميع أنحاء العالم .باإلضافة إلى ذلك  ،فان
المكورات العنقودية الذهبية المقاومة للميثيسيلين هي بكتيريا ممرضة
رئيسية في مجال الطب البيطري والصحة العامة .تم جمع ستة وستين
عينة من حليب األبقار بشكل عشوائي من مناطق مختلفة من محافظة
نينوى خالل الفترة من تشرين الثاني  2018إلى شباط  .2020في هذه
الدراسة  ،تم استخدام طرق البيولوجي الجزيئية والكالسيكية لتحديد
جراثيم المكورات العنقودية الذهبية المقاومة للميثيسيلين واكتشاف
الجينات المستهدفة  .أوضحت نتائج الدراسة الحالية أن جراثيم المكورات
العنقودية الذهبية تم عزلها وتحديدها على أساس الطرق التقليدية مثل
الكاتالز وعوامل التكتل واختبار تجلط الدم .باإلضافة إلى ذلك  ،تم
الكشف عن جين  nucفي جميع عزالت المكورات العنقودية الذهبية
اإليجابية  ،)٪34.8( 23بينما تم الكشف عن جي mecAفي  12عزلة
( )٪52.2من جراثيم المكورات العنقودية الذهبية المقاومة للميثيسيلين
باستخدام تقنية تفاعل البلمرة المتسلسل .أظهرت الدراسة الحالية أن نتائج
الطرق التقليدية وتقنية تفاعل البلمرة المتسلسل كانت متشابهة .تعتبر
جراثيم المكورات العنقودية الذهبية المقاومة للميثيسيلين في العراق عامالً
مسببًا رئيسيًا ألنواع مختلفة من التهاب الضرع في االبقار ولها القدرة
على مقاومة جميع انواع مجموعة بيتا الكتام .تم عزل جراثيم المكورات
العنقودية الذهبية المقاومة للميثيسيلين من مناطق في مدينة الموصل .تعد
تقنية تفاعل البلمرة المتسلسل طريقة رئيسية للكشف عن الجينات المختلفة
بنا ًء على التسلسل المستهدف للجين المحد.
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