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Abstract 
Mastitis is a major problem threat dairy production that caused by several pathogens, the most 
important one of them is Staphylococcus aureus. This study used diagnostic and molecular analysis 
of Staphylococcus aureus to determine the incidence of mastitis in cows. Mastitis was found in 43 of 
150 total cows tested at random by (California Mastitis Test), 172 milk samples from quarters 
infected with mastitis were obtained for further culture and PCR. The prevalence of mastitis on 
farms, cows, and quarters was 73.3, 28.7, and 28.7 percent, respectively, with (SCM) being the most 
common kind in all instances.  Incidence of mastitis caused by Staph. aureus on farm, cows, and 
quarter levels was 63.6, 67.4, and 18.02 percent, respectively, according to bacteriological testing, 
and this bacteria was largely related with clinical mastitis (CM). 31 S. aureus isolates were tested to 
antimicrobial susceptibility test; these revealed that, the highest sensitivity was to vancomycin 
(87.1%), enrofloxacin (77.4%) and linezolid (74.2%). Moderate sensitivity was noticed to 
gentamicin (54.8%), ciprofloxacin (48.4%), and cephalothin (45.2%), resistance rates were higher 
with kan- amycin and lincomycin (100%), followed by penicillin (96.8%), oxacillin (96.3%),  
nalidixic acid (90.3%), oxytetracycline (83.9%), erythromycin (80.6%) and 
trimethoprim/sulfamethoxazole (74.1%). Among the isolates examined in this study, S. aureus 
isolates were subjected for PCR of these virulence genes, coagulase and surface protein A (coa and 
spa), enterotoxin A to E (sea, seb, sec, sed, see) and antimicrobial   resistance genes (mecA ,ermA , 
vanA , aac 6-aph 2), methicillin resistance (mecA), erythromycin (ermA), gentamicin (aac 6- aph 2) 
and vancomycin (vanA ) of S. aureus. The results of PCR were as follows, all S. aureus isolates 
were positive for coa , spa genes, however seb enterotoxin gene was discovered in 50% of the 
examined strains, total finding  ratios of mecA, ermA, vanA, aac (6)-aph (2) genes were 25.0%, 
56.25%, 12.5% and 43.75%, respectively, suggest that methicillin-resistant Staphylococcus aureus 
(MRSA) has emerged and spread. Strains had numerous genes in common, they were shown to be 
more in SCM, and they had multiple drug resistant (MDR). 
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Introduction 
Bovine mastitis is the most frequent disease in 
dairy cattle globally, prevalence rates of 30-50 
percent recorded in many regions, reduction in 
milk production due to mastitis is generally 
known as primary reason of economic losses in 
the dairy industry (Seegers et al., 2003). Intra-
mammary infection in dairy cows can be 
caused by a variety of things, especially during 
milking, around a third of all clinical- 

 and subclinical mastitis cases globally is due 
to Staphylococcus aureus which is the most 
common and highly infected causative agent 
(Holmes and Zadoks, 2011). 
The majority of dairy animals research regard 
this microbe as a real mastitis bacteria with 
significant virulence characteristics 
(Hosseinzadeh and Saei 2014), strong 
antibiotic resistance (Frey et al., 2013), and 
the propensity to cause chronic mastitis 
(Gillespie et al., 2009 and Cervinkova et al.,
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   2013). 
The environment, in addition to the causal 
pathogenic bacteria, is a crucial role in 
mastitis, constituting a significant reservoir of 
infection. Correct antimicrobial medication 
remains the major strategy for controlling 
staphylococcal mastitis, despite the fact that 
environmental factors can be addressed by 
suitable management measures such as 
proper milking techniques and exclusion of 
chronic mastitis cases. Indiscriminate use of 
antibiotic treatment is typically associated with 
poor effectiveness, resulting in high 
execution rate (Hendriksen et al., 2008). 
Additionally, because improper treatment 
of this organism causes significant harm to the 
glandular tissues of the udder and most 
antibiotics are unable to permeate affected 
tissues. (Guler et al., 2010) and (Pu et al., 
2014).This microbe also inhibits phagocytosis 
and cell-mediated immunity, as well as 
producing an enzyme which renders most 
penicillin-based antibiotics ineffective. (De 
Oliveira et al., 2000). Multidrug-resistant 
Staphylococcus aureus, have emerged as a 
serious public health concern in the last years. 
(Wang et al., 2012). In general, Despite the 
fact that S. aureus isolated from bovine 
infected with mastitis  is  responded to 
common antibiotics which used in animal 
husbandry, such as  aminoglycosides, 
macrolides, lincosamides, and B-lactams  (De 
Oliveira et al., 2000), Increasing acquired 
resistance levels to penicillin G, lincomycin, 
streptomycin,  gentamycin, and erythromycin 
 have been observed ( (Kumar et al., 2010). 
Antibiotic-resistant bacteria can transmit 
resistance genes to humen's intestinal flora via 
foods, the commensally flora can serve as a 
store of resistance genes of these bacteria 
(Aarestrup et al., 2008). In dairy farms, 
molecular diagnostic technologies such as 
mastitis diagnostic evaluation based on DNA, 
this has already been deployed on a regular 
usage. (Koskinen et al., 2009). Polymerase 
Chain Reaction has been a widely used 
molecular technology, for detecting and 
identifying the microbe that cause mastitis  in 
milk by specifically genes on the DNA. 
(Taponen et al., 2009 and Elsayed et al., 2015). 
Staphylococcal enterotoxins (SEs) are 
classified based on their serological 
characteristics. 

into five categories. One or more of the five 
primary SEs (SEA, SEB, SEC, SED, and 
SEE) can be produced. In addition, coagulase, 
which is encoded by the coa gene, has been 
shown to be a virulence factor in intrammmary 
infection, this gene has a preserved and 
repetitive polymorphic domain which can be 
utilized to compare S. aureus strains. (Reinoso, 
2004). Coagulase is a protein that may convert 
fibrinogen into fibrin strings through a method 
that differs from physiological clotting (Palma 
et al., 1999). Numerous virulence factors are 
encoded by Staphylococcus aureus, which 
include surface IgG binding protein A (spa), 
which captures Fc region of immunoglobulin, 
preventing phagocytosis of bacteria by host’s 
immune system (Foster, 2005). 
The goal of this work was to look for the 
prevalence of genes responsible for multiple 
antibiotic resistance features  and virulence 
genes characteristics in S. aureus, as well as 
their detection using polymerase chain reaction 
(PCR), obtained from both clinical and 
subclinical mastitic dairy cows. 

Materials and methods 
 California mastitis test (CMT) and collecting 
of samples: 
A number of 15 dairy farms with a past history of 
mastitis were chosen from the study locations (in 
Gharbia governorate), with an average number of 
15 (10– 25).  150 dairy cows were randomly 
examined for mastitis (four quarters for each 
cow). CMT was utilized as a mastitis diagnostic 
test. It was used in accordance with the 
instructions provided by (Hoque et al., 2015). 
Based on gel formation, the results of CMT were 
graded as 0 (negative), 1 (weak positivity), 2 
(distinctive positivity), and 3 (strong positivity). 
CMT values of 0 were regarded negative, whereas 
scores of 1 and 2 indicated subclinical mastitis, 
and 3 indicated clinical mastitis. We considered 
the cow positive when at least one quarter with a 
CMT score of greater than one. Forty three of 
CMT positive cows from 172 quarters (70 clinical 
and 102 subclinical), (10–15 mL/sample) were 
gathered in an aseptic manner into
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the sterile  tubes and transferred to the 
laboratory in an ice-box. 
 Isolation and identification of Staphylococ- 
 cus aureus: 
Milk samples for CMT positive animals were 
induced for bacteriological examination to de- 
tect S. aureus. Cultivation onto Baird- Parker 
agar plates then placed in incubator for twenty 
four hours at 37°C. Isolates were identified by 
ordinary methods, colony appearance, Gram 
staining were used to identify isolates, tested 
for hemolysis, coagulase, catalase, and 
mannitol fermentation o (Koneman et al., 
2001). 
Five representative colonies (shiny black with 
an opaque ring, encircled by a clear halo 
zone) were chosen for inoculation in tubes 
containing BHI and incubated for twenty four 
hours at 35 ±2 °C. 0.3 mL from each tube was 
transferred to test tubes containing rabbit 
plasma (0.5 mL), and incubated for six hours 
at 35°C ± 2°C. The existence of coagulates was 
confirmed using the following characteristics: 
Small disordered coagulation is known as first 
interaction 1+. 
Small structured coagulation is known as 
second  interaction 2+. 
Regular large coagulation in third interction 
3+.  
Fourth interaction 4+: the entire contents of the 
tube coagulate and when we flip it, it stays 
stuck in the tube. When the coagulation 
interaction was of third and fourth type, the 
presence of Staphylococcus aureus was 
verified. (Brasil, 2003). 

 

 Antimicrobial susceptibility testing: 
 S. aureus strains were routinely evaluated 
using the disc diffusion assay (Bauer et al., 
1999) on Mueller Hinton Agar plate for their 
susceptibility to a variety of antibacterial drugs 
(Oxoid, Milano, Italy). Antibacterial drugs   
includ: lincomycin (L 30 μg), nalidixic acid 
(NA 30 μg), ciprofloxacin (CIP 5 μg), 
cephaphalothin (CN 30), gentamycin (G 10 
μg), vancomycin (V15 μg), kanamycin (K30 
μg), linezolid (LZD) , enrofloxacin (5 μg), 
erythromycin (15 μg), penicillin G (10 IU), 
oxacillin (1 μg), oxytetracycline (30 μg) and 

 
sulfamethoxazole (25 μg). The test was 
performed, and the results were analyzed in 
accordance with the guidelines (CLSI, 2013). 

PCR Procedue: 
A-Extraction of DNA: The QIAamp DNA 
Mini kit (Qiagen, Germany, GmbH) was used 
to extract DNA from tested bacteria, by using 
specific changes depended on the 
manufacturer’s instructions. For 10 minutes at 
56°C, (two hundred µl ) of 
bacterial  suspension was treated with ten µl of 
proteinase K and (two hundred µl) of lysis 
buffer. After incubating, the lysate was given 
(two hundred µl) of 100 percent ethanol. 
According the manufacturer's instructions, the 
sample was washed and centrifuged. Elution of 
nucleic acid by (hundred µl) of kit’s elution 
buffer. 
 B-Oligonucleotide Primer:  
According to Metabion (Germany), the primers 
which used were shown in tables (1 and 2). 
C-PCR amplification: These Primers were 
used 25- µl reaction that contain  Emer- 
aldAmp Max PCR Master Mix (12.5 µl) 
(Takara, Japan), 1µl  of each primer with a 
concentration of 20 pmol, 5 µl of  template of 
DNA, 5.5 µl of H2O. An applied biosystem 
2720 heat cycler was used to carry out the 
reaction. For multiplex PCR of virulence (coa, 
spa, sea, seb, sec, sed, see) and antimicrobial   
resistance (mecA ,ermA , vanA , aac 6-aph 2) 
genes . Primers were used in a 50- µl reaction 
which contain 25 µl of EmeraldAmp Max PCR 
(Takara, Japan), one µl per primer of twenty 
pmol concentrations, nine µl of H2O, and 6 µl 
of template of DNA. 
 D-Analysis of the PCR Products: 
Using electrophoresis for separation of  PCR 
products   in 1x TBE buffer at 
normal temperature using 5V/cm gradients on a 
1.5 percent agarose gel (Applichem, Germany, 
GmbH). Each gel hole was supplied with twenty  
µl of uniplex PCR products and Forty µl of 
multiplex PCR products for analysis of gel. 
Fragment sizes were assessed by a Gelpilot 100 
base pare DNA ladder (Qiagen, Germany, 
GmbH) and ( Fermentas, Thermo Scientific, 
Germany)  Generular100 base pare ladder. A gel 
documented by (Alpha Innotech, Biometra) was 
used to photograph the gel, and the data was 
evaluated using software.
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Table (1).  Virulence genes with Sequences of their primers and cycling conditions phases. 
 

 
Target 
gene 

 
Primers sequences 

 
Amplified 

segment (bp) 

Primary 
denatur- 

ation 

Amplification (35 cycles)  
Final 

extension 

 
Reference Secondary 

denaturation 

 

Annealing 

 

Extension 

Sea 

F.GGTTATCAATGT 
GCGGGTGG 

 
102 

 

 

 

 

 

 

 

 

94˚C for 
5 minute. 

 

 

 

 

 

 

 

 

94˚C 
for 
30 

second 

 

 

 

 

 

 

 

 

57˚C for 
40 second 

 

 

 

 

 

 

 

 

72˚C for 
45 second 

 

 

 

 

 

 

 

 
 

72˚C for 
10 minute 

 

 

 

 

 

 

 

 

 
(Mehrotra 

et al., 
2000) 

R.CGGCACTTTTTT 
CTCTTCGG 

 
Seb 

F.GTATGGTGGTGT 
AACTGAGC 

 
164 

R.CCAAATAGTGAC 
GAGTTAGG 

Sec 

F.AGATGAAGTAGT 
TGATGTGTATGG 

 
451 

R.CACACTTTTAGA 
ATCAACCG 

Sed 

F.CCAATAATAGGA 
GAAAATAAAAG 

 
278 

R.ATTGGTATTTTT 
TTTCGTTC 

See 
F.AGGTTTTTTCAC 

AGGTCATCC 
 

209 
R.CTTTTTTTTCTTC 

GGTCAATC 

Spa 

F.TCA ACA AAG 
AAC  AAC AAA 

ATG C 

 

226 
94˚C for 

5 minute. 

94˚C 
for 
30 

second 

55˚C for 
30 second 

72˚C for 
30 second 

72˚C for 
7 minute 

 
(Wada et 
al., 2010) 

R. GCT TTC GGT 
GCT TGA GAT TC 

 

Coa 

F. ATA GAG ATG 
CTG GTA CAG G 

Four main sorts 
of bands  can 
be detected 

           .350 
430 
570 
630 

 

 
94˚Cfor 

5 minute 

 

 
94˚C 
for 
30 

second 

 

 
55˚C for 

45 second 

 

 
72˚C for 

45 second 

 

 
72˚C for 

10 minute 

 

(Iyer and 
Ku- 

mosani, 
2011) 

 
R. GCT TCC GAT 
TGT TCG ATG C 

Table (2). Antibiotic resistance genes with Sequences of their primers and cycling conditions phases. 

 

 
Target gene 

 
Primers sequences 

 

Amplified 
segment (bp) 

Prima- 
ry 

dena- 
turation 

Amplification (35 cycles)  

Final 
extension 

 
Reference 

Secondary 
denatura- 

tion 

An- 
nealing 

Exten- 
sion 

 

mecA 

 

F.AAAATCGATGGTAAA 
GGTTGGC 

 

 
533 

 

 

 

 

 

 

 

 

 

 
94˚C    
for 
5 minute 

 

 

 

 

 

 

 

 

 

 
      94˚C for 

   30  
second 

 

 

 

 

 

 

 

 

 

 
64˚C 
for 45 
second 

 

 

 

 

 

 

 

 

 

 
72˚C  
for 

 45second 

 

 

 

 

 

 

 

 

 

 
    72˚C  
    for 
10 minute 

 

(Buhlman 
n et al., 
2008) 

 

R.AGTTCTGGAGTACCG 
GATTTGC 

 

 
ermA 

 

F.TATCTTATCGTTGAGA 
AGGGATT 

 

 
139 

 

 

 

 

 

 
(Amghalia 

et al., 
2009) 

 

R.CTACACTTGGCTTAG 
GATGAAA 

 

 
aac 6-aph 2 

 

F.TTGGGAAGATGAAGT 
TTTTAGA 

 

 
174 

 

R.CCTTTACTCCAATAAT 
TTGGCT 

 

vanA 

 

F.CATGAATAGAATAAAA 
GTTGCAATA 

 

 
1030 

 

R.CCCCTTTAACGCTAAT 
ACGATCAA 
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Results and Discussion 

    Different Seasons, herd number, farm    size, 

hygienic condition, farm management technique, 

geographic area, differences in identification 

technique, and variation in types of samples 

analyzed. All of these contributed to the difference 

in prevalence of S. aureus in milk in different 

regions. 
 Prevalence of mastitis, isolation of Staphylo- 
 coccus aureus: 
In the current study, the incidence of mastitis 
in dairy farm revealed that   73.3 percent of the 
farm.  With consideration, it is difficult to 
compare our current data with other previous 
studies, this is due to dissimilarly in structured 
investigations .The total of each cow, quarter 
level mastitis was 28.7%. According to CMT 
and visual assessment, with 36.4 %, 37.2 % 
and 42.4% being clinical mastitis (CM) and 
63.6 %, 62.8 % and 57.6 % being subclinical 
mastitis (SCM), respectively (Table 3). 
These findings are in agreement with  in the 
range of the incidence rates of bovine mastitis 
cases  (average  from 8.0–64.0 percent) 
recorded by the majority of recently published 
research in the world (Hoque et al., 2015) and 
(Jha et al., 2010).   Various previous 
studies and our results are greater than existing 
reports from other areas with dairy 
management practices that are more or less 
similar to these results, such as 63.8 percent 
subclinical mastitis in Thailand (Jarassaeng et 
al., 2012). CM and SCM (18.2%, 33.7%) 
respectively in Pakistan (Hameed et al., 2012), 
(30.6 to 33.7%) SCM (Elango et al., 2010) and 
16.0% CM in India (Bangar et al., 2016).  In 
general ,this indicates the gravity of the crisis 
in the dairy sector , which requires immediate 
response. 
By bacteriological examination, we confirmed 
overall 63.6% (7/11) of farm rate mastitis due 
to Staphylococcus aureus, of which 57.1% CM 
and 42.8% SCM, prevalence of cow and 
quarter rate of mastitis that caused by 
Staphylococcus aureus were  67.4%  (58.6%  
CM,  41.3%  SCM)   and 18.02%%, (64.5%  
CM,  35.5%  SCM) respectively as shown 
in  (Table 4). This bacterium was more 
commonly in both 
cases, clinical and    subclinical mastitis.  

 
Staphylococcus aureus was shown to be the 
most common reason of mastitis in this 
investegation, with it was being detected in 
63.6 percent of the farms evaluated. 
These findings are backed up by the research 
developments of (Abebe et al., 2016), who 
identified this pathogen as the most common 
cause of bovine mastitis in Ethiopia. Numerous 
earlier studies have identified Staphylococcus 
aureus as the major causative pathogen of 
mastitis in many regions (FAO 2014).  
Percentage of bovine SCM which due to 
Staphylococcus aureus was observed in an 
average of 21.2 percent (Nazneen et al., 2014). 
Another study (Tenhagen et al., 2006) found 
that 95% of clinical mastitis causes by a lot of 
microbes in dairy cattle and most of these 
microbes are   Staphylococcus aureus. 
Previously working with bovine 
mastitis, (Piepers et al., 2007) and (Kirkan et 
al., 2005) found Staphylococcus aureus in 72.5 
percent in Poland and 28.3 percent in Turkey, 
in samples of  mastitic  milk, respectively. 
Staphylococcus aureus and other pathogenic 
germ are most commonly found on the udder 
and teat surface of cows, they are the prime 
source of infection, which frequently occurs 
while milking. (Abebe et al., 2016). 
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Table (3). Prevalence of mastitis (clinical and subclinical) in some dairy farms in Gharbia governorate (using 

CMT) 
 

 Over all mastitis Clinical mastitis Subclinical mastitis 

No. examination No. positive % No. % No. % 

Farm level 15 11 73.3% 4 36.4% 7 63.6% 

Cow level 150 43 28.7% 16 37.2% 27 62.8% 

Quarter level 600 172 28.7% 73 42.4% 99 57.6% 

Table (4). Prevalence of Staphylococcus aureus mastitis (clinical and subclinical) in some dairy farms 
in Gharbia governorate 

 

 
Mastitic cases caused by St. aureus 

Clinical 
mastitis 

Subclinical 
mastitis 

No. examination No. positive % No. % No. % 

Farm level 11 7 63.6% 4 57.1% 3 42.8% 

Cow level 43 29 67.4% 17 58.6% 12 41.3% 

Quarter level 172 31 18.02% 20 64.5% 11 35.5% 

 

 Antimicrobial susceptibility testing: 
Antimicrobial sensitivity assay of the 
investigated isolates is depicted in (Table 
5).The highest sensitivity was to vancomycin 
(87.1%), enrofloxacin (77.4%) and linezolid 
(74.2%). These findings somewhat agreed with 
(Emmanuel and Magaji 2011) who reported 
that S. aureus were sensitive to vancomycin 
which remained the most efficient treatment 
for S. aureus infection. such findings had been 
observed by (Gucukoglu et al., 2012 and 
Aydin et al., 2011). High activity of 
enrofloxacin, has been reported for S. aureus 
(Sakwinska et al., 2011) and (Jahan et al., 
2015). Moderate sensitivity was noticed to 
gentamicin (54.8%), ciprofloxacin (48.4%) 
and cephalothin (45.2%). These agree with 
findings of previous   research   (Oliveira   et   
al., 2012), moderet sensitivity 
rates to cephalosprins were observed in their 
study, and disagree with (Sanders and 
Sanders 1986) who reported that 
Cephalosporins have good to exceptional 
antibacterial action against Gram-positive 
bacteria. On the other hand, resistance rates 
were higher with kanamycin and lincomycin 
(100%), followed by penicillin (96.8%), 
oxacillin (96.3%), nalidixic acid (90.3%), 
oxytetracycline (83.9%), erythromycin  
(80.6%) and trimethoprim/sulfamethoxazole  
(74.1%). In prev- 

ious research, comparable patterns of resistance 
against S. aureus have been documented. 
(Muyiwa et al., 2015 and Kerouanton et al., 
2007 ). Another study from China reported that 
antibacterial resistance was found in 77.3 
percent of Staphylococcus aureus isolates 
(Sudhan et al., 2005), While investigations in 
Denmark, Brazil and Argentina confirmed 
antimicrobial resistance rates of 75.0, 55.1 and 
40.0 percent, respectively, (Barkema et al., 
2006 and Schmid 2011). Antimicrobial 
resistance was higher in our current study's 
Staphylococcus aureus isolates than in 
previous research (Mehrotra et al., 2000). Ben 

Said et al., (2016) reported that (62.8%) resistant 
to penicillin, also the high level of penicillin-
resistance was detected by (Nam et al. 2011). 
The rates of erythromycin and lincomycin 
resistance identified in our study were 
significantly greater than those reported in 
other countries. (Sakwinska et al., 2011). 
Considering that 80.6% of the penicillin 
/lincomycin-resistant isolates were also 
resistant to macrolides (erythromycin), these 
results could indicate a risk of therapeutic 
failure for penicillin-resistant Staph. aureus 
which caused bovine mastitis. (Constable et al., 
2008).  Macrolides and lincosamides 
(lincomycin) are the second-line antibacterial 
medicines in treatment of mastitis. Cross 
resistance between these classes 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Nwankwo%20EO%5BAuthor%5D&cauthor=true&cauthor_uid=22121413
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nasiru%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=22121413
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has been documented, it's because 
of  the similarity of the mechanism of action on 
a subunit of the bacterial ribosome (Matsuoka, 
2000). High resistance rate of oxytetracycline 
in our study agrees with (Kumar et al., 2010 
and Kuang et al., 2009). Who revealed that the 

 

tetracycline's low in vitro activity against S. 
aureus, combined with irreversible binding 
with milk constituents, lead to  ineffective in 
treatment of bovine mastitis.

 

Table (5). Antimicrobial susceptibility of S. aureus strains isolated from bovine mastitis (subclinical 
and clinical mastitis) milk samples. (n=31). 

 

 
Antimicrobial agent 

Resistance 
Sensitive 

No. % No. % 

Kanamycin (K) 31 100 - - 

Lincomycin (L) 31 100 - - 

Oxacillin (OX) 30 96.3 1 6.5 

Nalidixic acid (NA) 28 90.3 3 9.7 

Penicillin (P) 30 96.8 1 6.5 

Oxytetracycline (T) 26 83.9 5 16.1 

Erythromycin (E) 25 80.6 6 19.4 

Sulphamethoxazol (SXT) 23 74.1 8 25.8 

Cephalothin (CN) 17 54.8 14 45.2 

Ciprofloxacin (CP) 16 51.6 15 48.4 

Gentamicin (G) 14 45.1 17 54.8 

Linezolid (LZD) 8 25.8 23 74.2 

Enrofloxacin (EN) 7 22.6 24 77.4 

Vancomycin (V) 4 12.9 27 87.1 

Table (6). Multidrug resistance (MDR) strain of Staphylococcus aureus isolates (n=31) 
 

No. of Antibiotics No. of Multidrug resistance strains % 

3 5 16.1 

4 3 9.7 

5 1 3.2 

6 2 6.4 

7 3 9.7 
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From the results in (table 6), 5 strains of S. au- 
reus were resistant to 3 antibiotics out of 31 
isolates (16.1%), 3 strains were resistant to 4 
antibiotics (9.7%), one strain was resistance to 
5 antibiotics (3.2%) , 2 strains were resistant to 
6 antibiotics (6.4%) and 3strains were resistant 
to 7 antibiotics (9.7%) . The remaining isolates 
were resistant to more than 7 antibiotics. These 
findings somewhat nearly agreed with (Hoque, 

 
et al., 2018) who reported that 79.3% were re- 
sistant to at least one antimicrobial, while 
49.0% to three or more antimicrobials. The 
acquisition of resistance (R. factor) that is 
plasmid-mediated may be to blame for the 
development of various antibiotic resistances 
amongst most of our isolates. (Yamamoto et 
al., 2013). 

 

 

Fig. (1): Detection of erm A (139 bp), aac (6)-aph (2) (174 bp), mecA (533 bp) and vanA (1030 bp) antibiotic 
resistance genes of S. aureus by agarose gel electrophoresis. 

Lane M:  marker of DNA (100 bp). 
C+: Control positive for ermA, aac (6)-aph (2), mecA and vanA genes. Lane 
C-: Control negative. 
Lane 1, 2, 4, 5, 7, 8, 9, 12 & 16: Positive for ermA gene. 
Lane 2, 3, 4, 5, 6, 12 & 15: Positive for aac (6)-aph (2) gene.  
Lane 1, 4, 5 & 11: Positive for mecA gene. 
Lane 4 & 7: Positive for vanA gene. 
Lane 10, 13 & 14: Negative strains for ermA, aac (6)-aph (2), mecA and vanA genes. 

 

Table (7). Resistance genes in Staphylococcus aureus isolated from bovine mastitis milk samples 
 

  
No. of 

examined 
strains 

 
+ve mecAgene 

 
+ve vanAgene 

+ve 
ermAgene 

+ve 
aac(6)-aph(2) 

No. % No. % No. % No. % 

Subclinical mastitis 6 1 16,7% 0 0 4 66.7% 2 33.3% 

Clinical mastitis 10 3 30% 2 20% 5 50% 5 50% 

Total 16 4 25% 2 12.5% 9 56.25% 7 43.75% 
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(Table 7) (Fig.1). Detection rates of mecA, 
ermA, vanA and aac (6)-aph (2) genes in the 
strains examined in this research were (25.0, 
56.25, 12.5, and 43.75 percent, respectively), 
indicating a high incidence of methicillin 
resistant Staph. aureus (MRSA) isolated from 
mastitic cases. A 533-bp fragment denotes to 
mecA gene was recognized by 25%. MRSA 
(methicillin-resistant Staph. aureus) is a global 
threat, and Staphylococcus aureus that was 
isolated from cases of mastitis in cows had 
mecA gene (Pajic et al., 2014). Multiplex PCR 
indicated that 25 percent of MRSA isolates 
carried mecA genes, which agrees with the 
results of (Turutoglu et al., 2006) who 
recorded prevalence rates of 20% and 17.5% 
of   mecA genes. The existence of the mecA 
gene is widely believed to be the most 
documented way to detect methicillin 
resistance staphylococci (MRS), which are 
often resistant to the majority of antibiotics. 
Our findings revealed that 4 (25%) of the 16 
oxacillin-resistant isolates had the mecA gene, 
indicating that they were MRSA. The absence 
of the mecA gene in the oxacillin-resistant 
strain makes us to believe that another 
mechanism of oxacillin resistance exists, such 
as hyper production of beta-lactamase or 
alteration of the penicillin binding protein 
(PBP). All penicillins are resistant against 
methicillin-resistant staphylococci (MRS), this 
resistance is imparted by an added penicillin-
binding protein, which is absent in methicillin-
sensitive strains (Cloney et al., 2001). While 
using genotypic method to identify the 
existence of the mecA gene is regarded the 
gold standard, using a single phenotypic assay 
may result in false-negative or false-positive 
findings. (Meucci et al., 2010). Amplification 
of a 174-bp fragment of the aac(6') aph (2") 
gene by PCR (aminoglycoside). Antibiotic 
sensitivity test to aminoglycoside (kanamycin) 
was determined by the disc diffusion assay, all 
tsted isolates were shown to be kanamycin 
resistant. After PCR test for the presence of 
aac(6') aph(2") gene, it was found that the 
aac(6') aph(2") gene was present in (43.75 
percent ) of the total 

 
sixteen isolates. The aac (6′) - aph (2") gene 
encodes a bifunctional enzyme that inactivates 
a wide variety of clinically relevant 
aminoglycosides, including gentamicin, 
tobramycin, netilmicin, and amikacin, (Sandra 
et al., 2018) detected   aac (6′) - aph(2′) in S. 
aureus isolates   by 20%.  These results are 
consistent with our research, which found that 
all aminoglycoside-resistant bacteria carried 
aac(6′)- aph (2"). Amplification of (139 bp) 
fragment of ermA for erythromycin resistance 
isolates, they exhibited prevalence of 56.25% 
(9 out of 16 isolates). Our results almost agree 
with the results of (Argudin et al., 2012 and 
McCallum et al., 2010), who found resistance 
genes in 70% of erythromycin-resistant isolates 
(encoded by ermC, ermA, and ermB, alone or 
in combination). Duran et al., (2012) 
reported that at least one of the erythromycin 
resistance genes (ermA, ermB and ermC,) was 
present in erythromycin-resistant isolates. The 
genes ermA and ermC were discovered by 
Argudin et al., (2012) to be the cause of 
erythromycin resistance as well as 
stimulate clindamycin resistance.  Two 
isolates (12.5 percent) tested positive for a 
1030-bp fragment that corresponded to the 
vanA gene. In furthermore, some investigations 
have observed the rise of vancomycin-resistant 
S. aureus (Tenover et al., 2004 and Ateba et 
al.,2010).
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Fig. (2): Detection of spa gene at 226 bp by agarose gel electrophoresis. Lane L:  marker of DNA (100 bp), (control 
positive: P, control negative: N). Lane (1, 2, 3, and 4): positive samples. 

 

Fig. (3): Detection of coa gene at 630 bp by agarose gel electrophoresis. Lane L:  marker of DNA (100 bp), (control 
positive: P, control negative: N). Lane (1, 2, 3, and 4) positive samples 

 

Fig. (4): Detection of enterotoxins (sea,seb,sec,sed and see gene at 102, 164, 451, 278 and 209 bp. by agarose gel 
electrophoresis.  Lane L:  marker of DNA (100 bp), (control positive: P, control negative: N). Lane (2, and 4) positive for 

seb only.  Lane (1 and 3) negative for all enterotoxins. 
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The PCR findings indicate that our S. aureus 
strains were enterotoxigenic, positive for 
coagulase and spa gene. The gene encoding the 
IgG-binding region of protein (A) (spa) was 
amplified by PCR at 226-bp (100%) (Fig. 
2).These findings were consistent with the 
results reported by (Enany et al., 2013). Some 
researchers have identified the protein A's 
immunoglobulin G binding region in different 
proportions as (Mehndiratta, et al., 2009) 
(94.6%) and (Bekhit et al., 2010) (32.4%). The 
amplification of the coa gene may be detected 
by four types of bands 430bp, 350 bp, 570 and 
630 bp, amplification of coa gene at 630 bp for 
all strains (100%) as shown in (Fig. 3), 
these agree with (Gharib et al., 2013), they 
observed that in bovine strains, an amplicon 
around 600 bp is prominent. On the other hand, 
from dairy cow coa gene of S. aureus isolates 
was found to be 650, 730, 810, and 1050 bp 
(Schledgelova et al., 2003), between the 
isolates, the most prevalent class was 739 bp. 
Staphylococcal enterotoxins which are resistant 
to heat and gastrointestinal protease are another 
virulence factor to be concerned about, this 
explains its activity at high temperatures and 
multiplex PCR was used to detect the genes 
that code for these enterotoxins. S. aureus 
strains linked to bovine mastitis produce sea, 
seb, sec, sed, and see, according to (Rall et al., 
2008). Our results showed that seb gene was 
the predominant enterotoxigenic gene with 
percentage of (50%). It was possible to identify 
this gene at high rate in the strains isolated 
from subclinical cases, sea, sed, sec, and 
see genes were not present in any of the 
isolates (Fig. 4). Numerous toxin genes in S. 
aureus were previously thought to be 
uncommon (Jorgensen et al., 2005). From 
country to country, the prevalent classical SE 
changed, see gene (Sahebekhtiari et al., 2011) 
in Tehran; see and sea gene (Mehrotra et al., 
2000) in Canada; sea gene (Rall et al., 2014) 
in Brazil; sec gene (Khudor et al., 2012) and 
(Neder et al., 2011) in Iraq and Argentina, 
respectively. sed gene is a gene that is found in 
Italy (Carfora et al., 2015), in Hungary, seb 
gene (Zouharova and Rysanek, 2008). 

 
A previous study, (Turutoglu et al., 2006) found 
67.8% of Staphylococcus aureus isolates were 
positive for one or more enterotoxin genes, which is 
remarkably similar to our current results. In 
addition, according to our results, majority 
(50%) of our isolates were having one type of 
enterotoxin, and these were also resistant to a 
variety of medicines, this conclusion is backed 
up by the findings of (Nazneen et al., 2014), 
who found 58.3 percent of Staphylococcus 
aureus had MDR characteristics. Even though 
the subclinical isolates had more enterotoxin 
genes than clinical, their antibacterial 
sensitivity profiles were not significantly 
different. As a result, it's possible that the 
presence or lack of enterotoxins has little effect 
on the resistance traits of Staphylococcus 
aureus isolates. 
Conclusion and Recommendation 
-Mastitis is the most dangerous infectious 
illness that affects dairy cattle worldwide, it 
continues to be a continual challenge in dairy 
products manufacturing. 
-Staphylococcus aureus microbe is one of the 
most dangerous microbes that cause mastitis, 
most isolates have virulence genes which 
responsible for the pathogenicity of the 
organism. 
-Also our study proved that a lot of isolates 
that have been isolated from mastitic milk was 
resistant to more than 3 antibiotics, we were 
able to detect the antibiotics resistant genes by 
PCR. 
- High density of animals, high milk 
production and entry of dairy cows from other 
farms are among reasons for the spread of the 
infection  
-Dairy farmers have the unavoidable 
responsibility for successful managing, 
prevention, and treatment of mastitis cases. 
Mastitis caused by Staphylococcus aureus is 
highly diverse and is influenced by strain-
specific characteristics. Therefore, it has a 
priority to conduct extensive studies in 
molecular characterization. 
-In addition to the importance of isolating this 
microbe and determining its spread and cause 
of mastitis 



Second International Conference of Animal Health Research Institute Aml and Hoda 

594 

 

 

 

 
This requires strict management of farms and 
following the necessary health instructions and 
procedures during milking, storage, handling 
and transportation, these are important points 
for Staphylococcus aureus infection.  
-In dairy herds, CMT is used to discover 
subclinical mastitis periodically to avoid 
conversion to clinical mastitis. 
-The poor use of antibiotics in dairy farms is 
one of the most important factors that cause the 
emergence of antibiotic-resistant bacteria. 
-Epidemiological studies are required to 
continuous monitoring of   antibiotic resistance 
to   S. aureus strains isolated from various 
sources in a specific area, as well as to apply 
trustable genetic studies which might enable 
the detection of the source contamination 
within the food chain. This would drastically 
minimize the spread of these bacteria to 
customers, as well as the prevalence of 
staphylococcal infections in humans. 
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