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ABSTRACT 
 

Mastitis caused by methicillin resistance Staphylococcus aureus (MRSA) is a severe infection of milk-producing 

animals. Consequently, it is critical to recognize the genetic elements that contribute to methicillin resistance in S. 

aureus. This research was designed to evaluate the incidence of MRSA in bovine with subclinical mastitis, 

histopathological examination of udder tissues exhibiting mastitis, and detection of MRSA  strains by Taqman 

probe-based real-time PCR. Additionally, our study assessed the phylogenetic relationship of MRSA strains 

recovered from Egypt to illuminate the potential genetic connection between isolates from other sources and 

locations. Based on our research, out of 62 S. aureus isolates recovered from subclinical mastitis, 39 isolates were 

resistant to methicillin (62.9%) phenotypically by antimicrobial susceptibility test. All 39 S. aureus isolates were 

confirmed genotypically by Probe-based real-time PCR. Ten positive probe-based RT-PCR samples (MRSA) were 

subjected to conventional PCR before being submitted to DNA sequencing. Ten PCR products were grouped into 

two groups (EGY-mecA 1-5 and EGY-mecA 6-10) according to the nucleotide sequence. The alignment of multiple 

sequences and construction of a phylogenetic tree for the mecA gene revealed a high similarity (100%) with MRSA 

isolates recovered from the milk of cattle and goats in Egypt. The histopathological examination of the cattle 

mammary glands tissue sample with mastitis shows severe destruction of secretory acini, with aggregation of 

mononuclear inflammatory cells infiltration among acini, mainly lymphocytes. Our investigation will help protect 

human and animal health by reducing instances of infection caused by  S. aureus. Probe-based real-time PCR 

successfully identified S. aureus strains in subclinical mastitis within a few hours, demonstrating high sensitivity 

and specificity. This technique is helpful for effectively treating and controlling S. aureus mastitis and quickly 

screening MRSA isolates. 
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INTRODUCTION 

 

Mastitis, defined as the inflammation of the mammary 

gland, is one of dairy animals' most common and 

economically significant diseases (El-Demerdash et al., 

2023; Rifatbegovi'c et al. 2024). Mastitis-related economic 

losses can be characterized as decreased output caused by 

the disease and the advantages that would otherwise accrue 

without mastitis. Costs are divided into two categories: 

direct costs (extra labor requirements, wasted milk while 

giving medication, and veterinary services) and indirect 

costs (premature culling, milk yield reduction, and 

decrease of milk quality premiums) (Azooz et al. 2020; 

Kovaˇcevi'c et al. 2022; Meçaj et al. 2023). In Egypt, 

Azooz et al. (2020) assessed the economic consequences of 

mastitis. This investigation included several factors. Lower 

expenses were computed once clinical mastitis instances 

existed ($6536); milk output decreased annually linked to 

subclinical mastitis was $411,274. The losses from the 

quality premium increased to $27,392. The two other 

significant expenses were milk thrown out ($2) and early 

culling ($14,720).  
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Bovine mastitis is distinguished chiefly based on 

clinical (or subclinical) characteristics and etiology 

(noninfectious or infectious). Infectious reasons are the 

most widespread and in some situations, infections caused 

by bacteria constitute a widespread appearance among 

livestock. Additionally, bacterial pathogens are divided 

into three groups: opportunistic, environmental, and 

contagious bacteria (Ndahetuye et al. 2019). Many 

investigations have shown that mastitis is commonly 

caused by Staphylococcus aureus, Escherichia coli, 

Streptococcus spp., Klebsiella pneumoniae, and less 

commonly by Mycobacterium spp., Mycoplasma spp., 

and Pseudomonas aeruginosa (Ardicli et al. 2022; Shoaib 

et al. 2022; Abdalhamed et al. 2024). 

Staphylococcus aureus is usually abundant in the teat 

microbiota of udder skin. It is the primary pathogen linked 

with intramammary infection (IMI). S. aureus can 

penetrate and settle inside the udder via the teat tips and 

duct (Moreira et al. 2019). Recently, Preziuso et al. (2024) 

investigated that S. aureus has been linked to other severe 

human health risks and is the cause of mastitis, especially 

in light of the emergence of methicillin-resistant S. aureus 

(MRSA). 

Furthermore, bacterial resistance has emerged as a 

growing problem as resistance mechanisms propagate 

worldwide. To date, standard antibiotic treatments easily 

lead to the emergence of resistant bacteria (Peng et al. 

2022). Many reports have been published about resistance 

to antimicrobials, including gentamicin, erythromycin, 

amoxicillin, penicillin, amikacin, and tetracycline. Recent 

investigation still indicates that resistance to newly 

developed antimicrobial drugs has grown; bacterial 

profiling revealed the resistance to cefquinome, colistin, 

piperacillin, tigecycline, ceftazidime, and vancomycin. 

Moreover, drug residue has become a more severe problem 

(Monistero et al. 2021; Campos et al. 2022; Vidal et al. 

2022; Abd El-Razik et al. 2023a, b; Bonardi et al. 2023). 

Acquiring the mecA gene results in methicillin resistance. 

This gene produces PBP2A, an alternative penicillin-

binding protein with a restricted affinity for beta-lactam 

antibiotics (Vanderhaeghen et al. 2010a). The mecA gene 

belongs to the Staphylococcal Cassette Chromosome mec 

(SCCmec), a critical mobile genetic component. Rapid 

diagnosis of MRSA is essential regarding therapy and 

infection prevention approaches. 

Additionally, real-time PCR provides 100% 

specificity and sensitivity regarding these target genes 

compared to standard and traditional approaches (Galia et 

al. 2019). Despite the long-established substantial harm 

caused by MRSA in dairy cattle, no effective therapies or 

preventive strategies have been proposed. This can be 

attributed to both the fast-changing genetic variety of the 

pathogens and our ignorance of the connection between the 

bacteria and the host. This investigation aimed to determine 

the incidence of MRSA in bovines with subclinical 

mastitis, histopathological examination of udder tissues 

exhibiting mastitis, and detection of MRSA strains using 

Taqman probe-based real-time PCR. Furthermore, our 

investigation assessed the phylogenetic relationship of 

MRSA isolates recovered from Egypt to provide light on 

the potential genetic connection between isolates from 

other sources and locations. 

MATERIALS AND METHODS 

 

Ethical approval  

The NRC's Medical Research Ethics Committee 

(permission no. 231712012023) approved this 

investigation. 

 

Bacterial isolates 

A total of 62 strains of S. aureus were recovered and 

identified phenotypically and genotypically in a previous 

study which differentiated as 21 isolates of S. aureus were 

obtained from 33 bulk tank milk of sub-clinically mastitic 

cattle and buffalo and 41 isolates of S. aureus recovered 

from cattle and buffalo with subclinical mastitis from 

privately owned smallholders in Kafr El-Sheikh, Fayoum, 

Kalyobia, Giza and Cairo governorates of Egypt (Abd El-

Razik et al. 2023a). 

 

Antimicrobial susceptibility test (phenotypic detection 

of MRSA) 

All S. aureus isolates were examined for antibiotic 

susceptibility via disk diffusion test, as the Clinical 

Laboratory Standards Institute (CLSI) mentioned. Isolates 

were inoculated into Mueller–Hinton broth (Oxoid) and 

incubated overnight at 37°C. The suspension turbidity was 

adjusted to a 0.5 McFarland standard and then streaked 

onto Mueller–Hinton agar (Oxoid) plates. To detect 

MRSA, the antimicrobial disk (Oxoid) contained oxacillin 

(5μg) was added to the plates, and they were incubated 

aerobically for 16–18 h at 37°C. We measured the 

inhibitory zone diameter, and the results were classified as 

sensitive, moderate, or resistant. Using CLSI's zone 

diameter interpretation standards (CLSI 2017), resistance 

was measured by measuring growth suppression around the 

antimicrobial disk.  

 

DNA extraction 

The QIAamp DNA Mini kit (Qiagen, Germany, 

GmbH) was used to extract DNA from bacterial cultures 

following the manufacturer's instructions. In brief, 

200μL of PBS was used for the re-suspension of the 

bacterial pellets, and they were then treated at 56°C for 

10min in a mixture of 20μL proteinase K and 200μL lysis 

buffer. 200μL of 100% ethanol was added to the lysate 

following incubation. The sample was then centrifuged 

and cleaned. An elution buffer (50μL) was used to 

extract the nucleic acid.  

 

Genotypic identification of MRSA using Real-time PCR 

For thermocycling and fluorescence detection with 

the qTOWER 3G (AnalytikJena, Germany), a PCR 

TaqMan test was run with the MRSA target. Twenty µl 

was the total volume used for the real-time PCR 

amplification. This included 10µL of 2X Topreal Taqman 

Probe quantitative PCR mixture (Cat RT600, 

Enzynomics), prepared in compliance with the 

manufacturer's guidelines, 2µL of template DNA, 0.2µL 

of each primer(10µm), and 0.4µL of TaqMan probe 

mixture(10µm). Double Distilled water (DDW) was 

added to complete the 20µL. Table 1 lists the precise 

primers and probes used to identify the MRSA mecA 

gene, which is responsible for methicillin resistance. 

Table 2 contains a list of the cycling conditions. 
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Table 1: Sequence of mecA genes primers and probes  

Gene Sequence (5´-3´) Amplicon size (bp) Reference 

MecA1 AACAGGTGAATTATTAGCACTTGTAAG 

ATTGCTGTTAATATTTTTTGAGTTGAA 

174 Martineau et al. (2000) 

MecA2 GTAGAAATGACTGAACGTCCGATAA 

CCAATTCCACATTGTTTCGGTCTAA 

 310 Spanu et al. (2004) 

MecA3 GCTCAAATTTCAAACAAAAATTTAGATAATG 

TGAAAGGATCTGTACTGGGTTAATCAGT 

HEX-Probe 

AGCTGATTCAGGTTACGGACAAGGTGA 

-------- Wang et al. (2014) 

 
Table 2: Cycling conditions for mecA genes 

Gene Init.  Denat. Denat. Anneal. Extension Final Extension Cycles 

mecA1 95°C/2min 95°C/20s 50°C/30s 72°C/45s 72°C/10min 35 

MecA2 95°C/2min 95°C/20s 55°C/30s 72°C/45s 72°C/10min 35 

MecA3 (Q-PCR) 95°C/10min 95°C/10s 52°C/20s 60°C/40s ---------- 40 

 

Genotypic identification using conventional 

Polymerase Chain Reaction (PCR) 
For identification of MRSA (mecA gene), PCR 

reactions were carried out using GS-96 gradient 

thermocycler (Hercuvan, Malaysia) in a final volume of 

25μL reaction that included 1μL of sample DNA, 0.5μL of 

each primer (10μM) (Vivantis, Malaysia), and 12.5μL of 

2x COSMO PCR RED Master Mix (Cat. W1020300X, 

Willofort Co., UK). After electrophoresis on a 1.5% 

agarose gel to separate the examined PCR products, 

analysis, and photos were taken using the InGenius3 gel 

documentation system (Syngene, UK). Tables 1 and 2 

listed the primers (mecA1 and mecA2) utilized and the 

cycling conditions. 

 

DNA sequencing 

The MACROGEN Company (Korea) sequenced the 

mecA gene using 3730XL sequencers (Applied 

Biosystems, USA) after ten positive PCR products were 

purified by the GeneJETTM Gel Extraction Kit (K0691, 

Thermo Fisher, USA). 

 

Phylogenetic relationship and tree construction  

Ten PCR products of MRSA isolates were purified 

using GeneJET™ Gel Extraction Kit (K0691, Thermo 

Fisher, USA), then subjected to sequencing by 

MACROGEN Company (Korea) on 3730XL sequencer 

(Applied Biosystems, USA). The precision of the data was 

confirmed by bidirectional sequencing using PCR's 

forward and reverse primers. The nucleotide sequences 

obtained during this research were analyzed with the 

BioEdit 7.0.4.1 and Muscle programs (EMBL’s European 

Bioinformatics Institute, 2020). The following sequences 

were matched with reference sequences in GenBank using 

a neighbor-joining analysis of the aligned sequences via 

CLC Genomics Workbench 3.  

 

Histopathological examination 

According to Abd El-Razik et al. 2023a, 12 udder 

tissue samples collected randomly from slaughterhouses 

were preserved in a 10% formalin solution from the same 

governments at which milk samples had been collected; the 

preserved tissue was subsequently embedded in paraffin 

wax after being dehydrated using some alcohol solutions. 

Once the tissue had been thinly sectioned, it was arranged 

on glass slides using a microtome. After deparaffinization 

and rehydration, the Hematoxylin and eosin (H and E) 

staining was applied to the slides. The slides underwent 

staining, dehydration, clearing, and coverslip mounting 

before being examined under a microscope (Bancroft and 

Stevens 1996). 

 

RESULTS 

 

Incidence of Methicillin-Resistant S. aureus (MRSA) 

Methicillin susceptibility testing showed that 47.6% 

(10/21) of the isolated S. aureus isolates were MRSA, with 

50% (6/12) from cattle and 44.4% (4/9) from buffaloes, as 

shown in Table 3. 

 
Table 3: Recovery rates of MRSA among the recovered S. aureus 

isolates from bulk tank milk samples 

 Governorate Cattle Buffalo Total 

1 Kafr El-Sheikh 1/4 (25) 1/6 (16.7) 2/10 (20) 

2 Fayouma 3/4 (75) 2/2 (100) 5/6 (83.3) 

3 Kalyobia 0/1 (0) 0 0/1 (0) 

4 Giza 1/2 (50) 1/1 (100) 2/3 (66.7) 

5 Cairo   1/ 1 (100)     - 1/1 (100) 

  Total  6/12 (50) 4/9 (44.4) 10/21 (47.6) 

Values in parenthesis are %. 

 
Forty-one isolates of S. aureus were isolated, where 20 

and 21 isolates were from cattle and buffalo, respectively, 

as shown in Table 4. Twenty-nine MRSA isolates were 

identified from the 41 S. aureus isolates (70.7%), whereas 

15 and 14 MRSA isolates were from cattle and buffalo, 

respectively. 

 
Table 4: Recovery rates of MRSA among the recovered S. aureus 

isolates (Small holders) 

 Governorate Cattle Buffalo Total 

1 Cairo 1/1 (100) 2/4 (50) 3/5 (60) 

2 Giza 2/3 (66.7)  2/6 (33.3) 4/9 (44.4) 

3 Kalyobia 3/5 (60) 3/4 (75)  6/9 (66.7) 

4 Fayoum 3/4 (75) 4/4 (100) 7/8 (87.5) 

5 Kafr El-Sheikh 6/7 (85.7) 3/3 (100) 9/10 (90)  

 Total 15/20 (75) 14/ 21 (66.7) 29/41 (70.7) 

Values in parenthesis are %. 

 

Genotypic identification using Real-time PCR 

A total of 39 MRSA isolates from the milk of cattle 

and buffaloes with subclinical mastitis were isolated and 

identified bacteriologically. Using Taqman Probe-based 

Real-time PCR, all isolates were molecularly verified with 

an incidence of 100%. 
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Genotypic identification using conventional 

Polymerase Chain Reaction (PCR) 

Ten positive samples of probe-based RT-PCR 

(MRSA) were subjected to standard PCR reactions for 

DNA sequencing. Conventional PCR was used on all 

samples; the results are presented in Fig. 1. 

 

Phylogenetic Analysis of mecA Gene (penicillin-binding 

protein PBP2 encoding) 

Ten PCR products were grouped into two groups 

(EGY-mecA 1-5 and EGY-mecA 6-10) according to the 

nucleotide sequence. The alignment of multiple sequences 

and construction of a phylogenetic tree for the mecA gene 

revealed a high similarity (100%) with other MRSA 

isolates recovered from the milk of cattle and goats in 

Egypt (KX668407, KY467024, MW256759), as shown in 

Fig. 2 and 3. 

 

Histopathological examination 

The histopathological examination of cattle udder tissue 

samples with mastitis shows severe destruction of secretory 

acini, with aggregation of mononuclear inflammatory cells 

infiltration among acini, mainly lymphocytes (Fig. 4). 

Furthermore, congestion was observed in the affected 

tissue. Some other tissue samples show mild fibrous 

connective tissue proliferation between some acini. 

 

 

Fig. 1: Agarose gel 

electrophoresis of mecA gene 

(310 bp).  Lane 1: 100bp 

DNA ladder; Lanes 2-11: 

positive samples of MRSA. 

 

 

Fig. 2: Multiple sequence 

alignment of mecA gene 

detected in bovine milk 

(EGY-mecA 1-5 and EGY-

mecA 6-10) and their 

corresponding reference 

sequences.  Only variable 

sites are shown with different 

color.  Dashes in the middle 

indicate gaps. 
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Fig. 3: Phylogenetic tree of 

selected isolates of MRSA, 

based on the mecA gene. 

 

 

Fig. 4: Udder tissue of cattle 

shows lymphocytic mastitis 

characterized by complete 

destruction of acini and severe 

considerable accumulation of 

mononuclear inflammatory 

cell infiltrations, mainly 

lymphocytes (H&E stain; 

X100). 

 

 

DISCUSSION 

 

Methicillin-resistant Staphylococcus aureus (MRSA) 

is a major hazard to public health. MRSA strains are S. 

aureus isolates that are resistant to β-lactam drugs. As a 

community pathogen, MRSA has drawn more attention. 

Many reports have identified MRSA as an emerging 

concern in animal healthcare (Tesfaye et al. 2021).  

Our study investigated that 47.6% (10/21) of S. 

aureus isolates were MRSA, with 50% (6/12) from cattle 

and 44.4% (4/9) from buffaloes by antimicrobial 

sensitivity testing. Other investigations on mastitis in 

Egypt varied incidences of methicillin-resistant S. aureus 

strains to be 32.4% (Tesfaye et al. (2021), 42.1% 

(Abdalhamed et al. 2022), and 60% (Sayed 2014) which 

are similar to the incidence we found, these findings 

further suggested a correlation between mastitis and 

MRSA. Another study conducted in Egypt found that 

57.14% of the Staphylococcal strains resistant to 

antibiotics were found in food products such as 

pasteurized milk, raw milk, pasteurized yogurt, minced 

meat, and beef burgers (Arafa et al. 2016). Additionally, 

according to Khazaie and Ahmadi (2021), 11 (11.57%) of 

the 95 S. aureus isolates from Iran were identified as 

MRSA strains. According to a recent Brazilian 

investigation, 177 out of 191 S. aureus isolates (92.7%) 

had beta-lactam resistance (Silva et al. 2023).  

Furthermore, Japan (39.74%) (Hata 2016), 

Bangladesh (29%) (Hoque et al. 2018), Isfahan, Iran (20%) 

(Havaei et al. 2015), the Northwest of Iran (15.51%) 

(Ahmadi et al. 2020), India (13.1%) (Kumar et al. 2011), 

Thailand (8.33%) (Pumipuntu et al. 2019), and Belgium 

(4.4% and 10%) (Vanderhaeghen et al. 2010b; Bardiau et 

al. 2013), have reported higher frequencies of mastitis-

associated MRSA than Finland (1.6%) (Gindonis et al. 

2013) and Ahvaz, Iran (1.3%) (Ahangari et al. 2017). It 

gives evidence of the spread of MRSA and sheds light on 

the study of its epidemiology. 

mecA gene, a modified penicillin-binding protein that 

provides resistance to methicillin and other penicillin 

derivatives, is the gene responsible for beta-lactam 

antibiotic resistance. This mobile gene element is known as 

the "staphylococcal cassette chromosome-mec" (SCC-

mec) (Khoramrooz et al. 2017; Mišić et al. 2017; 

Parthasarathy and Chougale 2021; Sasaki et al. 2021). 

From 16 MRSA isolates identified phenotypically from 

ruminants with mastitis, Abdalhamed et al. (2022) 

discovered that 14 bacteria (36.8%) possessed mecA gene. 

According to Arafa et al. (2016), 7 of S. aureus isolates had 

a resistance rate of 57.14% (4/7) to penicillin and 

methicillin. They also carried the blaZ gene at 100% (7/7) 

and the mecA gene at 85.7% (6/7). They also discovered 

that coagulase-negative staphylococci had a 33.3% 

resistance rate to penicillin and methicillin. Also, they 

detected mecA gene in S. sciuri isolates. Following the 

development of beta-lactam antibiotics, the incidence of 

MRSA infections rose gradually (Rothenburger et al. 

2018). The pervasive usage of antibiotics in the past few 

years has contributed to developing the present problem 

(Pyatov et al. 2017). 

Rapid MRSA diagnosis is critical for implementing 

infection control programs and treatment to avoid disease 

transmission and recurrence (Calfee et al. 2014). Rapid 

MRSA identification has been achieved using molecular 

approaches such as real-time PCR and polymerase chain 

reaction (Al-Talib et al. 2014). Fast and precise diagnosis 

of methicillin resistance and S. aureus are essential for 

initiating effective antibiotic treatment immediately 
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(Llarrull et al. 2009), lowering morbidity and mortality 

rates (Teng et al. 2009). Using Taqman Probe-Based Real-

time PCR, we ensured that all 39 (100%) traditionally 

identified strains showed amplification plots and threshold 

cycles. Triplex Real-time PCR assay was developed by 

Galia et al. (2019) in 2019 and is suitable for use in regular 

microbiology laboratories. Compared to traditional 

methods and culture, the Triplex Real-Time PCR showed 

100% specificity and sensitivity for these target genes. The 

study conducted by Kim et al. (2013) reported introducing 

a multiplex real-time PCR test in a region with significant 

MRSA infection endemicity, which allows for the 

simultaneous identification of mecA. The assay was 

evaluated utilizing 444 staphylococcal strains as a direct 

MRSA molecular detection system. 

Juhász-Kaszanyitzky et al. (2007) concluded that 

MRSA was the source of multiple instances of bovine’s 

subclinical mastitis in Hungary farms, and these strains 

were identical to MRSA recovered from a carrier who 

was in close contact with the cows. This implies that 

these isolates are transferred from humans to cows, 

although whether the transfer occurs from person to 

person or from cow to human is unclear. In our study, the 

phylogenetic relationship of MRSA strains recovered 

from Egypt was investigated, 10 positive PCR products 

of MRSA were sequenced, and the alignment of multiple 

sequences and construction of a phylogenetic tree for 

mecA gene exhibited a high similarity (100%) with that 

of MRSA isolates recovered from the milk of cattle and 

goats in Egypt. 

Histopathological investigation is critical for 

identifying mastitis and assessing the severity of the 

disease. One of the most noticeable histological findings is 

extensive damage of secretory acini, which can 

significantly impact milk output in affected cattle. This 

damage is frequently followed by interstitial fibrosis, 

which might worsen mammary gland function. These 

findings are in agreement with Ebtsam et al. (2020). 

Another common histological feature seen is the 

aggregation of mononuclear inflammatory cells within 

acini. These cells indicate an active immunological 

response in the affected glands. These pathological 

alterations are reliable, as shown by the findings of Ibrahim 

et al. (2016) and Abba et al. (2014) on similar histological 

findings in bovine mammary gland infections. Overall, 

histological analysis revealed various alterations caused by 

bacterial infection, including secretory acini destruction 

and inflammatory cell infiltration. These alterations 

indicate the bacterial infections inflammatory and 

immunological responses and tissue damage.  

 

Conclusion 

Based on the potential public health risk posed by 

MRSA isolates and the relevance of S. aureus-caused 

mastitis in the dairy industry, our findings may aid in 

developing effective control approaches. Our data revealed 

a high frequency of MRSA in raw milk. Thus, designing 

treatment approaches depending on the diverse seasonal 

and regional factors associated with the incidence of 

resistance in S. aureus isolates is critical. This investigation 

will help health protection of human and animal by 

reducing infections in lactating animals which caused by S. 

aureus. Probe-based real-time PCR successfully identified 

S. aureus strains in subclinical mastitic milk samples within 

3 hours, demonstrating high sensitivity and specificity. 

This technique is definitely helpful for effectively treating 

and controlling S. aureus mastitis as well as for quickly 

screening MRSA isolates. 

 
Author’s contribution 

K.A.A., A.A.A. and E.A.F. participated in the study 

design, carried out the PCR, genetic markers of antibiotic 

resistance. A.H.S. participated in the pathological section 

of the study. D.S. was responsible for antimicrobial 

resistance phenotypically and DNA extraction. The final 

manuscript was reviewed by all authors and approved.  

 
Acknowledgment 

The Egyptian Ministry of Higher Education and 

Scientific Research (Project No. 34805) provided financial 

support to the authors through the Science and Technology 

Development Fund (STDF). 

 

REFERENCES 

 
Abba Y,  Adamu l,  Igbokwe LO,  Hassan SU and Sule D, 2014. 

Effect of clinical mastitis on the gross morphometry and 

histopathology of mammary glands of Sahel goats. 

International Journal of Livestock Research 4(1): 99-106. 

https://doi.org/10.5455/ijlr.20131214112450  

Abdalhamed A, Zeedan GSG, Arafa A A, Ibrahim ES, Sedky D 

and Abdel NHA, 2022. Detection of methicillin-

resistant Staphylococcus aureus in clinical and subclinical 

mastitis in ruminants and studying the effect of novel green 

synthetized nanoparticles as one of the alternative 

treatments. Veterinary Medicine International 2022: 

6309984. https://doi.org/10.1155/2022/6309984 

Abdalhamed AM, Zeedan GSG and Hafez AAN, 2024. Rapid on-

site detection of major mastitis pathogens in ruminants using 

a colorimetric loop-mediated isothermal amplification assay. 

International Journal of Veterinary Science 13(2): 186-194. 

https://doi.org/10.47278/journal.ijvs/2023.081 

Abd El-Razik KA, Arafa AA, Fouad EA, Soror AH, Abdalhamed 

AM and Elgioushy M, 2023a. Phenotypic and genotypic 

characterization of erythromycin-resistant Staphylococcus 

aureus isolated from bovine subclinical mastitis in Egypt. 

Veterinary World 16(7): 1562–1571. https://doi.org/10. 

14202/vetworld.2023.1562-1571 

Abd El-Razik KA, Soliman YA, Fouad EA, Arafa AA, Syame 

SM and Soror AH, 2023b. Macrolides-resistant 

Staphylococcus aureus Associated with Clinical Mastitis in 

Cattle and Buffalo in Egypt. Journal of Advanced Veterinary 

Research 13(3): 461-468.  

Ahangari Z, Ghorbanpoor M, Shapouri MRS, Gharibi D and 

Ghazvini K, 2017. Methicillin resistance and selective 

genetic determinants of Staphylococcus aureus isolates with 

bovine mastitis milk origin. Iranian Journal of Microbiology 

9(3):152-159.  

Ahmadi E, Djeddi AN and Mousavi SA, 2020. Prevalence of 

coagulase negative Staphylococcus including methicillin 

resistant strains in buffalo subclinical mastitis in northwest 

of Iran. Buffalo Bulletin 39(1):17-26. 

Al-Talib H, Yean CY, Al-Khateeb A, Hasan H and Ravichandran 

M, 2014. Rapid detection of methicillin-resistant 

Staphylococcus aureus by a newly developed dry reagent-

based polymerase chain reaction assay. Journal of 

Microbiology, Immunology and Infection 47(6): 484-490. 

https://doi.org/10.1016/j.jmii.2013.06.004  

https://www.cabidigitallibrary.org/authored-by/Abba/Y
https://www.cabidigitallibrary.org/authored-by/Adamu/L
https://www.cabidigitallibrary.org/authored-by/Igbokwe/I+O
https://www.cabidigitallibrary.org/authored-by/Hassan/S+U
https://www.cabidigitallibrary.org/authored-by/Sule/D
https://www.cabidigitallibrary.org/action/doSearch?do=International+Journal+of+Livestock+Research
http://dx.doi.org/10.5455/ijlr.20131214112450
https://doi.org/10.1155/2022/6309984
https://doi.org/10.47278/journal.ijvs/2023.081
https://doi.org/10.%2014202/vetworld.2023.1562-1571
https://doi.org/10.%2014202/vetworld.2023.1562-1571
https://doi.org/10.1016/j.jmii.2013.06.004


Int J Vet Sci, 2025, 14(1): 188-195. 
 

 194 

Arafa AA, Ibrahim ES, Fouad EA and Gaber ES, 2016. Antibiotic 

Resistance of Staphylococci Concerning Strains Included in 

Food Industry in Egypt. International Journal of 

Pharmaceutical and Clinical Research 8(12): 1583-1589. 

Ardicli O, Demirbilek SK and Carli KT, 2022. Pathogens isolated 

from bovine clinical mastitis and their antimicrobial 

resistance. Medycyna Weterynaryjna 78(1): 6606–2022. 

https://doi.org/ 10.21521/mw.6606  

Azooz MF, El-Wakeel SA and Yousef HM, 2020. Financial and 

economic analyses of the impact of cattle mastitis on the 

profitability of Egyptian dairy farms. Veterinary World 

13(9):1750-1759. https://doi.org/10.14202/vetworld.2020. 

1750-1759   

Bancroft JD and Stevens A, 1996. Theory and Practice of 

Histological Techniques. 4th Edition, Churchill Livingstone, 

New York. 

Bardiau M, Yamazaki K, Duprez JN, Taminiau B, Mainil JG and 

Ote I, 2013.Genotypic and phenotypic characterization of 

methicillin-resistant Staphylococcus aureus (MRSA) 

isolated from milk of bovine mastitis. Letters in Applied 

Microbiology 57: 181-186. https://doi.org/10.1111/lam. 

12099   

 Bonardi S, Cabassi CS, Fiaccadori E, Cavirani S, Parisi A, Bacci 

C, Lamperti L, Rega M, Conter M, Marra F, Crippa C, 

Gambi L, Spadini C, Iannarelli M, Paladini C, Filippin N and 

Pasquali F, 2023. Detection of carbapenemase- and ESBL-

producing Klebsiella pneumoniae from bovine bulk milk and 

comparison with clinical human isolates in 

Italy. International Journal of Food Microbiology 387: 

110049. https://doi.org/10.1016/j.ijfoodmicro.2022.110049  

Calfee DP, Salgado CD, Milstone AM, Harris AD, Kuhar DT, 

Moody J, Aureden K, Huang SS, Maragakis LL, Yokoe DS 

and Society for Healthcare Epidemiology of America, 2014. 

Strategies to prevent methicillin-resistant Staphylococcus 

aureus transmission and infection in acute care hospitals: 

2014 update. Infection Control and Hospital Epidemiology 

35(7): 772-96. https://doi.org/10.1086/676534  

Campos FC, Castilho IG, Rossi BF, Bonsaglia ´ECR, Dantas 

STA, Dias RCB, Fernandes Júnior A, Hernande, RT, 

Camargo CH, Ribeiro MG, Pantoja JCF, Langoni H and Rall 

V LM, 2022. Genetic and antimicrobial resistance profiles of 

mammary pathogenic E. coli (MPEC) isolates from bovine 

clinical mastitis. Pathogens 11(12): 1435-1446. 

https://doi.org/10.3390/pathogens11121435  

CLSI, 2017. Performance Standards for Antimicrobial 

Susceptibility Testing. 27th ed. CLSI Supplement M100, 

Clinical and Laboratory Standards Institute, Wayne, PA, 

2017. 

Ebtsam EZK, Fadel M, Ola A Abd El-Fattah, Azab AMS and 

Amal ZAL, 2020. Ultrasonography, Histopathological, 

Udder Alterations and Bacteriological Investigations for 

Diagnosis of Mastitic Goats. Journal of Applied Veterinary 

Sciences 5 (2): 77-86. https://doi.org/10.21608/JAVS.2020. 

85593    

El-Demerdash AS, Bakry NR, Aggour MG, Elmasry SS, Mowafy 

RE, Erfan A, Taha MF, El-Gmaal AAAM, Mohamed AAE, 

Hagag N and Samir M, 2023. Bovine mastitis in Egypt: 

bacterial etiology and evaluation of diagnostic biomarkers. 

International Journal of Veterinary Science 12(1): 60-69. 

https://doi.org/10.47278/journal.ijvs/2022.161 

Galia L, Ligozzi M, Bertoncelli A and Mazzariol A, 2019. Real-

time PCR assay for detection of Staphylococcus aureus, 

Panton-Valentine Leucocidin and Methicillin Resistance 

directly from clinical samples. AIMS Microbiology 5(2): 

138–146. https://doi.org/10.3934/microbiol.2019.2.138  

Gindonis V, Taponen S, Myllyniemi AL, Pyörälä S, Nykäsenoja 

S, Salmenlinna S, Lindholm L and Rantala M, 2013. 

Occurrence and characterization of methicillin-resistant 

staphylococci from bovine mastitis milk samples in Finland. 

Acta Veterinaria Scandinavica 55(1): 61-68. https://doi.org/ 

10.1186/1751-0147-55-61  

Hata E, 2016. Bovine mastitis outbreak in Japan caused by 

methicillin-resistant Staphylococcus aureus New 

York/Japan clone. Journal of Veterinary Diagnostic 

Investigation 28(3): 291-298. https://doi.org/10.1177/ 

1040638716643126 

Havaei SA, Assadbeigi B, Esfahani BN, Hoseini NS, Rezaei N 

and Havaei SR, 2015. Detection of mecA and enterotoxin 

genes in Staphylococcus aureus isolates associated with 

bovine mastitis and characterization of Staphylococcal 

cassette chromosome mec (SCCmec) in MRSA strains. 

Iranian Journal of Microbiology 7(3): 161-167.  

Hoque MN, Das ZC, Rahman ANMA, Haider MG and Islam MA, 

2018. Molecular characterization of Staphylococcus 

aureus strains in bovine mastitis milk in Bangladesh. 

International Journal of Veterinary Science and Medicine 

6(1): 53-60. https://doi.org/10.1016/j.ijvsm.2018.03.008  

 Ibrahim HH, Jesse FFA, Abba Y, Chung ELT, Marzai AD, Haron 

AW, Zamr SM, Omar AR and Saharee AA, 2016. Clinical 

and histopathological study on reproductive lesions caused 

by Pasteurella multocida type B2 immunogens in buffalo 

heifers. Bulgarian Journal of Veterinary Medicine 21(2): 1-

10. https://doi.org/10.15547/bjvm.969  

Juhász-Kaszanyitzky E, Jánosi S, Somogyi P, Dán A, van der 

Graaf-van Bloois L, van Duijkeren E and Wagenaar JA, 

2007. MRSA transmission between cows and humans. 

Emerging Infectious Diseases 13(4): 630-632. 

https://doi.org/10.3201/eid1304.060833  

Khazaie F and Ahmadi E, 2021. Bovine subclinical mastitis-

associated methicillin-resistant Staphylococcus aureus, 

selective genotyping and antimicrobial susceptibility profile 

of the isolates in Kurdistan province of Iran. Iranian Journal 

of Microbiology 13(1): 65-73. https://doi.org/10.18502/ijm. 

v13i1.5494  

Khoramrooz SS, Dolatabad SA, Dolatabad FM, Marashifard M, 

Mirzaii M, Dabiri H, Haddadi A, Rabani SM, Shirazi HRG 

and Darban-Sarokhalil D, 2017. Detection of tetracycline 

resistance genes, aminoglycoside modifying enzymes, and 

coagulase gene typing of clinical isolates of Staphylococcus 

aureus in the Southwest of Iran. Iranian Journal of Basic 

Medical Sciences 20(8): 912-919. https://doi.org/10.22038/ 

IJBMS.2017.9114    

Kim JU, Cha CH, An HK, Lee HJ and Kim MN, 2013. Multiplex 

real-time PCR assay for detection of methicillin-resistant 

Staphylococcus aureus (MRSA) strains suitable in regions of 

high MRSA endemicity. Journal of Clinical Microbiology 

51(3): 1008-1013. https://doi.org/10.1128/JCM.02495-12  

Kovaˇcevi´c Z, Mihajlovi´c, J, Mugoˇsa S, Horvat O, Tomani´c 

D, Kladar N and Samardˇzija M, 2022. Pharmacoeconomic 

analysis of the different therapeutic approaches in control of 

bovine mastitis: Phytotherapy and antimicrobial treatment. 

Antibiotics 12(1): 11. https://doi.org/10.3390/antibiotics 

12010011  

Kumar R, Yadav BR and Singh RS, 2011. Antibiotic resistance 

and pathogenicity factors in Staphylococcus aureus isolated 

from mastitic Sahiwal cattle. Journal of Biosciences 36(1): 

175-188. https://doi.org/10.1007/s12038-011-9004-6  

Llarrull LI, Fisher JF and Mobashery S, 2009. Molecular basis 

and phenotype of methicillin resistance in Staphylococcus 

aureus and insights into new beta-lactams that meet the 

challenge. Antimicrobial Agents and Chemotherapy 53(10): 

4051-4063. https://doi.org/10.1128/AAC.00084-09  

Martineau F, Picard FJ, Grenier L, Roy PH, Ouellette M and 

Bergeron MG, 2000. Multiplex PCR assays for the detection 

of clinically relevant antibiotic resistance genes in 

staphylococci isolated from patients infected after cardiac 

surgery. The ESPRIT Trial. The Journal of Antimicrobial 

Chemotherapy 46(4): 527-534. https://doi.org/10.1093/jac/ 

46.4.527  

https://www.researchgate.net/journal/International-Journal-of-Pharmaceutical-and-Clinical-Research-0975-1556?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/International-Journal-of-Pharmaceutical-and-Clinical-Research-0975-1556?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.21521/mw.6606
https://doi.org/10.14202/vetworld.2020.%201750-1759
https://doi.org/10.14202/vetworld.2020.%201750-1759
https://doi.org/10.1111/lam.%2012099
https://doi.org/10.1111/lam.%2012099
https://doi.org/10.1016/j.ijfoodmicro.2022.110049
https://doi.org/10.1086/676534
https://doi.org/10.3390/pathogens11121435
https://dx.doi.org/10.21608/javs.2020.85593
https://dx.doi.org/10.21608/javs.2020.85593
https://doi.org/10.47278/journal.ijvs/2022.161
https://doi.org/10.3934/microbiol.2019.2.138
https://doi.org/%2010.1186/1751-0147-55-61
https://doi.org/%2010.1186/1751-0147-55-61
https://doi.org/10.1177/%201040638716643126
https://doi.org/10.1177/%201040638716643126
https://doi.org/10.1016/j.ijvsm.2018.03.008
https://doi.org/10.15547/bjvm.969
https://doi.org/10.3201/eid1304.060833
https://doi.org/10.18502/ijm.%20v13i1.5494
https://doi.org/10.18502/ijm.%20v13i1.5494
https://doi.org/10.22038/%20IJBMS.2017.9114
https://doi.org/10.22038/%20IJBMS.2017.9114
https://doi.org/10.1128/JCM.02495-12
https://doi.org/10.3390/antibiotics%2012010011
https://doi.org/10.3390/antibiotics%2012010011
https://doi.org/10.1007/s12038-011-9004-6
https://doi.org/10.1128/AAC.00084-09
https://doi.org/10.1093/jac/%2046.4.527
https://doi.org/10.1093/jac/%2046.4.527


Int J Vet Sci, 2025, 14(1): 188-195. 
 

 195 

Meçaj R, Muça G, Koleci X, Sulçe M, Turmalaj L, Zalla P, Koni 

A and Tafaj M, 2023. Bovine environmental mastitis and 

their control: an overview. International Journal of 

Agriculture and Biosciences 12(4) 216-221. 

https://doi.org/10.47248/journal.ijab/2023.067 

Mišić M, Čukić J, Vidanović D, Šekler M, Matić S, Vukašinović 

M and Baskić D, 2017. Prevalence of genotypes that 

determine resistance of Staphylococci to macrolides and 

lincosamides in Serbia. Frontiers in Public Health 5: 200. 

https://doi.org/10.3389/fpubh.2017.00200    

Monistero V, Barberio A, Cremonesi P, Castiglioni B, Morandi 

S, Lassen DC, Astrup LB, Locatelli C, Piccinini R, Addis 

MF, Bronzo V and Moroni P, 2021. Genotyping and 

antimicrobial susceptibility profiling of Streptococcus uberis 

isolated from a clinical bovine mastitis outbreak in a dairy 

farm. Antibiotics 10(6): 644. https://doi.org/10.3390/ 

antibiotics10060644  

Moreira MAS, Junior AS, Lima MC and Da Costa SL, 2019. 

Chapter 11: Infectious Diseases in Dairy Cattle. Raw Milk: 

Balance Between Hazards and Benefits 2019: 235-258. 

https://doi.org/10.1016/B978-0-12-810530-6.00011-0  

Ndahetuye, JB, Persson Y, Nyman A K, Tukei M, Ongol MP and 

Båge R, 2019. Aetiology and prevalence of subclinical 

mastitis in dairy herds in peri-urban areas of Kigali in 

Rwanda. Tropical Animal Health and Production 51(7): 

2037–2044. https://doi.org/10.1007/s11250-019-01905-2  

Parthasarathy Ak and Chougale RA, 2021. Antibiotic Resistant 

Staphylococcus aureus. IntechOpen. http://dx.doi.org/10. 

5772/intechopen.100057  

Peng J, Lu Q, Liu X, Deng Y, Shang T, Yuan L, Zhang H and 

Zeng Q, 2022. Antibacterial effect of synthetic ultra-short 

lipopeptide on Streptococcus agalactiae and its active on 

bacterial mastitis in mice. Biochemical and Biophysical 

Research Communications 601: 153–159. https://doi.org/10. 

1016/j.bbrc.2022.02.061  

Preziuso S, Attili AR, Cuteri V, 2024. Methicillin-resistant 

staphylococci in clinical bovine mastitis: occurrence, 

molecular analysis, and biofilm production. Veterinary 

research communications 48(2): 969-977. 

https://doi.org/10.1007/s11259-023-10268-x 

Pumipuntu N, Tunyong W, Chantratita N, Diraphat P, Pumirat P, 

Sookrung N, Chaicumpa W and Indrawattana N, 2019. 

Staphylococcus spp. associated with subclinical bovine 

mastitis in central and northeast provinces of Thailand. PeerJ 

7: e6587. https://doi.org/10.7717/peerj.6587  

Pyatov V, Vrtkov´a I and Knoll A, 2017. Detection of selected 

antibiotic resistance genes using multiplex PCR assay in 

mastitis pathogens in the Czech Republic. Acta Veterinaria 

Brno 86: 167–174. https://doi.org/10.2754/avb2017860 

20167    

Rifatbegovi´c M, Nicholas RAJ, Muteveli´c TH, Adžiomerovi´c 

M and Maksimovi´c Z, 2024. Pathogens associated with 

bovine mastitis: The Experience of Bosnia and Herzegovina. 

Veterinary Sciences 11 (2): 63. https://doi.org/10.3390/ 

vetsci11020063  

Rothenburger JL, Himsworth CG, Nemeth NM, Pearl DL and 

Jardine CM, 2018. Environmental factors associated with the 

carriage of bacterial pathogens in Norway rats. EcoHealth 

15(1): 82-95. https://doi.org/10.1007/s10393-018-1313-x    

Sasaki H, Ishikawa H, Itoh T, Arano M, Hirata K and Ueshiba H, 

2021. Penicillin-Binding Proteins and associated protein 

mutations confer oxacillin/cefoxitin tolerance in borderline 

oxacillin-resistant Staphylococcus aureus. Microbial Drug 

Resistance 27(5): 590-595. https://doi.org/10.1089/mdr. 

2020.0191  

Sayed SM, 2014.Bacteriological study on staphylococcal bovine 

clinical mastitis with reference to methicillin-resistant Staph. 

aureus (MRSA). Assuit veterinary medical journal 140 (1): 

38-46. https://doi.org/10.21608/AVMJ.2014.170519 

Shoaib M, Islam AA, Aamir NM, Ahmad BZ, Pu W, Tanveer Q, 

Muzammil I, Kulyar MF, Younas MS and Hammad M, 

2022. Etiology of Bovine Mastitis. IntechOpen, 

https://doi.org/10.5772/intechopen.98543  
Silva ATF, Gonçalves JL, Dantas STA, Rall VLM, de Oliveira 

PRF, dos Santos MV, Peixoto RdM and Mota RA, 2023. 

Genetic and phenotypic characterization of subclinical 

mastitis-causing multidrug-resistant Staphylococcus aureus. 

Antibiotics 12: 1353. https://doi.org/10.3390/antibiotics 

12091353    

Spanu T, Sanguinetti M, D'Inzeo T, Ciccaglione D, Romano L, 

Leone F, Mazzella P and Fadda G, 2004. Identification of 

methicillin-resistant isolates of Staphylococcus aureus and 

coagulase-negative staphylococci responsible for 

bloodstream infections with the Phoenix system. Diagnostic 

Microbiology and Infectious Disease 48(4): 221-227. 

https://doi.org/10.1016/j.diagmicrobio.2003.11.004  

Teng CS, Lo WT, Wang SR, Tseng MH, Chu ML and Wang CC, 

2009. The role of antimicrobial therapy for treatment of 

uncomplicated skin and soft tissue infections from 

community-acquired methicillin-resistant Staphylococcus 

aureus in children. Journal of Microbiology, Immunology, 

and Infection 42(4): 324-328. 

 Tesfaye K, Gizaw Z and Haile AF, 2021. Prevalence of Mastitis 

and Phenotypic Characterization of Methicillin-

Resistant Staphylococcus aureus in Lactating Dairy Cows of 

Selected Dairy Farms in and Around Adama Town, Central 

Ethiopia. Environmental Health Insights 15: 117863022 

11021297. https://doi.org/10.1177/117863022 11021297    

Vanderhaeghen W, Hermans K, Haesebrouck F and Butaye P, 

2010a. Methicillin-resistant Staphylococcus aureus (MRSA) 

in food production animals. Epidemiology and Infection 

138: 606-625. https://doi.org/10.1017/S09502688099915 67    

Vanderhaeghen W, Cerpentier T, Adriaensen C, Vicca J, 

Hermans K and Butaye P, 2010b. Methicillin-resistant 

Staphylococcus aureus (MRSA) ST398 associated with 

clinical and subclinical mastitis in Belgian cows. Veterinary 

Microbiology 144(1-2): 166-171.  

Vidal AJR, Jucá RRT, Almeida AF, Bentes KR, Figueira AF, de 

Castro Soares S, Góes-Neto A, Matiuzzi da Costa M, 

Azevedo V and Brenig B, 2022. Bacteriocin 

producing Streptococcus agalactiae strains isolated from 

bovine mastitis in Brazil. Microorganisms 10(3): 588. 

https://doi.org/10.3390/microorganisms10030588   

Wang HY, Kim S, Kim J, Park SD, Uh Y and Lee H, 2014. 

Multiplex real-time PCR assay for rapid detection of 

methicillin-resistant staphylococci directly from positive 

blood cultures. Journal of Clinical Microbiology 52(6): 

1911-1920. https://doi.org/10.1128/JCM.00389-14  

 

 

https://doi.org/10.47248/journal.ijab/2023.067
https://doi.org/10.3389/fpubh.2017.00200
https://doi.org/10.3390/%20antibiotics10060644
https://doi.org/10.3390/%20antibiotics10060644
https://doi.org/10.1016/B978-0-12-810530-6.00011-0
https://doi.org/10.1007/s11250-019-01905-2
http://dx.doi.org/10.%205772/intechopen.100057
http://dx.doi.org/10.%205772/intechopen.100057
https://doi.org/10.%201016/j.bbrc.2022.02.061
https://doi.org/10.%201016/j.bbrc.2022.02.061
https://doi.org/10.1007/s11259-023-10268-x
https://doi.org/10.7717/peerj.6587
https://doi.org/10.2754/avb2017860%2020167
https://doi.org/10.2754/avb2017860%2020167
https://doi.org/10.3390/%20vetsci11020063
https://doi.org/10.3390/%20vetsci11020063
https://doi.org/10.1007/s10393-018-1313-x
https://doi.org/10.1089/mdr.%202020.0191
https://doi.org/10.1089/mdr.%202020.0191
https://doi.org/10.21608/AVMJ.2014.170519
https://doi.org/10.5772/intechopen.98543
https://doi.org/10.3390/antibiotics%2012091353
https://doi.org/10.3390/antibiotics%2012091353
https://doi.org/10.1016/j.diagmicrobio.2003.11.004
https://doi.org/10.1177%2F11786302211021297
https://doi.org/10.1017/S09502688099915%2067
https://doi.org/10.3390/microorganisms10030588
https://doi.org/10.1128/JCM.00389-14

