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Clinical mastitis caused by Methicillin-resistant 2 

Staphylococcus aureus in a heifer 3 

 4 

ABSTRACT 5 

 6 

Emergence of methicillin-resistant Staphylococcus aureus among bovine mastitis is the major 

cause of frequent therapeutic failure and a cause of concern for veterinary practitioners. The 

current study describes a case of heifer mastitis caused by the isolates of the 

methicillin-resistant S. aureus. On the 24th day of postpartum, the right hind quarter of the 

heifer was shown clinical mastitis, isolate and cultivate the pathogens in milk, and confirmed 

the bacterial was methicillin-resistant Staphylococcus aureus by PCR the 23S rRNA and mecA 

gene and antimicrobial susceptibility tests. The MRSA were resistant to penicillin, ampicillin, 

cefazolin, gentamicin, erythromycin, and trimethoprim/sulfamethoxazole. The heifer was 

treated with Chinese medicine Ruyanxiao twice a day for 5 days, and the symptoms 

disappeared and CMT score was 0. This article is the first report of the occurrence of mastitis 

caused by methicillin-resistant Staphylococcus aureus in Holstein heifer. 
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1. INTRODUCTION 11 

 12 

Staphylococcus aureus is one of the most contagious pathogens causing bovine mastitis in 13 

many countries [1]. Mastitis caused by S. aureus is characterized by subclinical mastitis and 14 

long-term persistent infection, and the curative effect of antimicrobial therapy is low. Therefore, 15 

mastitis due to S. aureus spreads insidiously and is very difficult to prevent and cure [2]. 16 

Bovine mastitis due to methicillin-resistant S. aureus (MRSA), well known as a typical 17 

multidrug-resistant organism, has been reported in all parts of the world and has attracted a 18 

great deal of attention [3-4]. Notably, MRSA possesses the mecA gene encoding PBP2a, 19 

which is a modified penicillin-binding protein that plays a role in methicillin resistance. 20 

Moreover, methicillin resistance, could complicate the treatment of bovine mastitis caused by 21 

S. aureus [5]. Indeed, this mechanism also confers resistance to almost all types of 22 

beta-lactam antibiotics still commonly used in mastitis treatment. 23 

De Vliegher et al. (2012) reported that S. aureus is isolated less frequently from heifers than 24 

CNS (coagulase-negative staphylococci) [6]. Mastitis in heifers poses a potential threat to milk 25 

production and udder health since development of the milk secretory tissue occurs mainly 26 

during first pregnancy, affecting future lactations [6]. Heifer mastitis has been extensively 27 

studied over the past decades [7], but it still remains unclear how heifers are infected with the 28 

etiological agents of mastitis. Infection may be caused by bacteria that are part of the normal 29 

teat skin flora and oral cavity of heifer calves that suck on each other, or by microorganisms 30 



present in the environment of these animals (bedding, manure) that are transmitted by flies. 31 

Another hypothesis is the transmission of these pathogens from older cows kept together with 32 

heifers [8].   33 

This paper describes a case of heifer mastitis caused by the isolates of the methicillin-resistant 34 

S. aureus. Details that include clinical symptom of the heifer, the Isolation and identification of 35 

pathogen, the antimicrobial susceptibility tests, and treatment measures. 36 

 37 

2. PRESENTATION OF CASE 38 

History and clinical examination 39 

A 2-year old Holstein heifer gave birth to a clinical healthy female calf in Yangtze dairy farm, 40 

which located in Hubei province, China. The heifer was machine-milked and milked two times 41 

a day during the postpartum, and the diets consisted of hay, straw, and silage. On the 24th day 42 

of postpartum, the right hind quarter was enlarged and pain on palpation of the teat. The milk 43 

secretion from the right hind quarter becomes watery, and California Mastitis Test (CMT) score 44 

was done as the method described by Yang et al. (2015) [9] and the CMT score was 3+. The 45 

heifer was having normal feed and water intake. Rectal temperature was 38.8°C which was 46 

found within normal physiological range. No other abnormalities were detected during clinical 47 

examination. Based on these observations, the heifer was suspected to be infected with 48 

mastitis. 49 

 50 

Isolation and identification of pathogen 51 

The right hind teat was cleaned and wiped with 70% alcohol solution before taking the sample. 52 

The first three to five squirts of milk were discarded and approximately 10 mL of milk was 53 

collected in a sterile tube. And then the sample was kept in ice box during transport to the 54 

laboratory. For the bacteriological examination, about 0.01 mL of milk was plated onto a blood 55 

agar medium containing 5% ovine blood and MacConkey agar, and the sample was applied 56 

using the streaking technique. The plate was then incubated under aerobic conditions at 37°C 57 

and observed after 24, 48, and 72 h of incubation. 58 

The isolate was identified based on morphological characteristics (coloring, size, hemolysis), 59 

Gram staining, and biochemical tests (production of coagulase, catalase, and DNase; 60 

fermentation of glucose, maltose, mannitol; and hydrolysis of esculin). To further confirm the 61 

identification of S. aureus, we used the primer 23S rRNA, which was previously described by 62 

Yang et al. (2012) [10]. Staphylococcus DNA was extracted using the bacteria genomic DNA 63 

purification kit (Tiangen BioTech, Beijing) according to the manufacturer's instructions. A pair 64 

of primers was designed (primer-1, 5’-ACG GAG TTA CAA AGG ACG AC-3’; primer-2, 5’-AGC 65 

TCA GCC TTA ACG AGT AC-3’). The PCR program contained initial denaturation at 94°C for 66 

3 min; 30 cycles of denaturation at 94°C for 30s, annealing at 57°C for 30s, and primer 67 

extension at 72°C for 1 min; and a final extension step at 72°C for 5 min. The PCR product 68 

was analyzed using electrophoresis gel with 1.5 % agarose, stained with ethidium bromide 69 

solution, and viewed under ultraviolet light. The agarose gel shows a 1250 base pair (bp) 70 

fragment, and confirmed that the strain isolated from milk sample was S. aureus. 71 

 72 



Confirmation of MRSA 73 

Methicillin Resistant Staphylococcus aureus was tested for presence of mecA gene by PCR. 74 

The gene target was amplified with primers mecA1 (5’-AAA ATC GAT GGT AAA GGT TGG-3’) 75 

and mecA2 (5’-AGT TCT GCA GTA CCG GAT TTG-3’), described by Murakami et al. (1991) 76 

[11]. The PCR program contained initial denaturation at 94°C for 3 min; 30 cycles of 77 

denaturation at 94°C for 30s, annealing at 55°C for 30s, and primer extension at 72°C for 1 78 

min; and a final extension step at 72°C for 5 min. The PCR product was analyzed using 79 

electrophoresis gel with 1.5 % agarose, stained with ethidium bromide solution, and viewed 80 

under ultraviolet light. The agarose gel shows a 533 base pair (bp) fragment, and confirmed 81 

that the S. aureus contain mecA gene and which was MRSA. 82 

 83 

Antimicrobial susceptibility tests 84 

Disc diffusion test was used to test the susceptibility of the S. aureus isolate according to the 85 

guidelines of Clinical and Laboratory Standards Institute [12]. Nine commonly used antibiotics 86 

including penicillin (10 µg/disk), ampicillin (10 µg/disk), cefazoline (30 µg/disk), amikacin (30 87 

µg/disk), gentamicin (10 µg/disk), erythromycin (15 µg/disk), ciprofloxacin (5 µg/disk), 88 

trimethoprim/sulfamethoxazole (1.25/23.75 µg/disk) and chloramphenicol (30 µg/disk) 89 

(Hangzhou Microbial Reagent Co., Ltd, China). The results of the antibiotic resistance showed 90 

that the MRSA were resistant to penicillin, ampicillin, cefazolin, gentamicin, erythromycin, and 91 

trimethoprim/sulfamethoxazole. While, it was susceptible to amikacin, and intermediate to 92 

ciprofloxacin and chloramphenicol. 93 

 94 

Treatment 95 

The milk from the right hind quarter of the heifer was drained out completely and then treated 96 

with Chinese medicine Ruyanxiao (dosed at 15 ml intra-mammary injection and slightly 97 

massaging for 1 min) at 12 hourly intervals for 5 days. The main ingredient of Ruyanxiao is the 98 

extract of Tokyo violet herb, honeysuckle flower, Angelica sinesis, Angelica Dahurica, and 99 

white wax [13]. Post-treatment assessment was carried out after 5 days based on milk SSC by 100 

CMT and bacterial isolation. 101 

 102 

3. DISCUSSION 103 

 104 

Bovine mastitis is considered as the most common, economically unbearable and complicated 105 

disease in dairy animals worldwide [14]. S. aureus is one of the leading pathogens causing 106 

intramammary infections in dairy cows, and inducing clinical and subclinical mastitis [15]. In 107 

previous reports, S. aureus was initially identified on the basis of phenotypic characteristics 108 

including morphological features (coloring, size, hemolysis), Gram staining, and biochemical 109 

tests (production of coagulase, catalase, and DNase; fermentation of glucose, maltose, 110 

mannitol; and hydrolysis of esculin) [16]. Recently identification of isolates used to be 111 

confirmed by molecular techniques, such as the PCR of 23S rRNA gene of S. aureus [10]. 112 

Multi-drugs resistance was defined as acquired non-susceptibility to at least one agent in three 113 

or more antimicrobial categories [17]. Considering the multiple antibiotic resistance, the rapid 114 

and correct detection of MRSA strains must be performed to select appropriate antibiotic 115 

regimens. However selected methods detecting MRSA strains must be useful, reliable, simple 116 



and rapid. Several phenotypic methods such as oxacillin disk diffusion test, agar plate screen, 117 

the microbroth dilution and the E-tests have been used to detect the MRSA isolates [18]. 118 

Phenotypic-based identification and susceptibility testing methods are time consuming and 119 

most have inherent limitations [19]. However, PCR-based methods have shown to be a rapid 120 

and reliable approach for the identification and genotypic characterization of these organisms. 121 

mecA-based PCR methods has accepted as “gold standard” [18]. 122 

β-Lactam antibiotics are commonly used in cattle mastitis treatment. The highest penicillin 123 

resistance was reported to be in Ireland (71.4%) and England (67.3%) within the European 124 

countries followed by 50% in USA [20]. It is extremely important to determine the antibiotic 125 

sensitivity of the S. aureus isolates from bovine mastitis, which can be helpful in choosing the 126 

most suitable drug for the treatment of the disease. 127 

It is well reported that emergence of drug resistance is the consequence of the improper use of 128 

antimicrobials [21-22]. Such as lack of post-milking teat dipping and udder towels were used 129 

on more than one cow. In addition, the indiscriminate use of antibiotics without proper 130 

identification of the causative pathogen and drug sensitivity testing in mastitis cases, the 131 

emergence of multidrug resistant pathogens has accelerated [23]. 132 

Bovine mastitis due to MRSA, well known as a typical multidrug-resistant organism, has been 133 

reported in all parts of the world and has attracted a great deal of attention [24]. However, 134 

There are few reports of MRSA mastitis in dairy heifers. The multidrug-resistant phenotype of 135 

MRSA strains and their intrinsic β-lactam resistance make them difficult and costly to treat [25]. 136 

To effectively control contagious MRSA-associated mastitis in dairy herds, the general 137 

recommendation is to implement procedures to prevent the spread of bacteria mainly at the 138 

time of milking, including good udder hygiene and pre- and postmilking teat disinfection with an 139 

effective teat antiseptic. In addition, all quarters should be infused with antibiotics approved for 140 

use in nonlactating cows after the last milking of the lactation period to eliminate existing 141 

infections and prevent new infections during the early dry period, when the udder is highly 142 

susceptible to new infection. 143 

 144 

4. CONCLUSION 145 

 146 

On the 24th day of postpartum, the right hind quarter of the heifer was shown clinical mastitis, 147 

isolate and cultivate the pathogens in milk, and confirmed the bacterial was 148 

methicillin-resistant Staphylococcus aureus by PCR the 23S rRNA and mecA gene and 149 

antimicrobial susceptibility tests. The heifer was treated with Chinese medicine Ruyanxiao 150 

twice a day for 5 days, and the symptoms disappeared and CMT score was 0. 151 

COMPETING INTERESTS 152 

 153 

Conflict of interest The authors declare that they have no conflict of interest. 154 

 155 

 156 

REFERENCES 157 

[1] Kerro-Dego O, van Dijk JE, and Nederbragt H. Factors involved in the early pathogenesis 158 

of bovine Staphylococcus aureus mastitis with emphasis on bacterial adhesion and 159 

invasion. A review. Vet Q 2002;24:181–198. 160 



[2] Hata E, et  al. Epidemiological analysis of  Staphylococcus aureus isolated from cows 161 

and the environment of a dairy farm in Japan. J Vet Med Sci 2010;72:647–652. 162 

[3] Holmes MA, et  al. Methicillin resistant  S. aureus in human and bovine mastitis. J 163 

Mammary Gland Biol Neoplasia 2011;16:373–382. 164 

[4] Fluit AC. Livestock-associated  Staphylococcus aureus. Clin Microbiol Infect 165 

2012;18:735–744. 166 

[5] Lowy FD. Antimicrobial resistance: the example of Staphylococcus aureus. J Clin Invest 167 

2003; 111:1265–1273. 168 

[6] De Vliegher, S.; Fox, L.K.; Piepers, S.; McDougall, S.; Barkema, H.W. Invited review: 169 

Mastitis in dairy heifers: Nature of the disease, potential impact, prevention, and control.  J. 170 

Dairy Sci. 2012, 95, 1025–1040.   171 

[7]  Piepers, S.; Opsomer, G.; Barkema, H.W.; de Kruif, A.;  de Vliegher, S. Heifers infected 172 

with coagulase-negative staphylococci in early lactation have fewer cases of clinical 173 

mastitis and higher milk production in their first lactation than noinfected heifers. J. Dairy 174 

Sci. 2010, 93, 2014–2024. 175 

[8]  Oliver, S.P.; Gillespie, B.E.; Headrick, S.J.; Lewis, M.J.; Dowlen, H.H. Prevalence, risk 176 

factors, and strategies for controlling mastitis in heifers during the periparturient period. Int. 177 

J. Appl. Res. Vet. Med. 2005, 3, 150–162. 178 

[9]  Yang F L, Shen C, He B X, et al. The prevalence of heifer mastitis and its associated risk factors in 179 

Huanggang, Central China[J]. Tropical animal health and production, 2015, 47(1): 87-92. 180 

[10] Yang F L, Li X S, Liang X W, et al. Detection of virulence-associated genes in Staphylococcus 181 

aureus isolated from bovine clinical mastitis milk samples in Guangxi[J]. Tropical animal health and 182 

production, 2012, 44(8): 1821-1826. 183 

[11] Murakami K, Minamide W, Wada K, et al. Identification of methicillin-resistant strains of 184 

staphylococci by polymerase chain reaction.[J]. Journal of Clinical Microbiology, 1991, 185 

29(10):2240-2244. 186 

[12] CLSI (Clinical and Laboratory Standards Institute). 2014. Performance standards for antimicrobial 187 

susceptibility testing: Twenty-fourth informational supplement. Clincal and laboratory standards 188 

institute Wayne.PA. M100-S24. Wayne, PA: CLSI. 189 

[13] Yang F L, Li X S, He B X, et al. Bovine Mastitis in Subtropical Dairy Farms, 2005-2009[J]. Journal of 190 

Animal & Veterinary Advances, 2011, 10(1):68-72. 191 

[14] Wyder A B, Boss R, Naskova J, et al., 2011. Streptococcus spp. and related bacteria: their 192 

identification and their pathogenic potential for chronic mastitis- a molecular approach. Research in 193 

Veterinary Science. 91, 349–357. 194 

[15] Wang D, Zhang L, Zhou X, et al. Antimicrobial susceptibility, virulence genes, and randomly 195 

amplified polymorphic DNA analysis of Staphylococcus aureus recovered from bovine mastitis in 196 

Ningxia, China[J]. Journal of Dairy Science, 2016, 99(12):9560-9569. 197 

[16] Khichar V, Kataria A K, Sharma R. Characterization of Staphylococcus aureus, of cattle mastitis 198 

origin for two virulence-associated genes ( coa, and spa )[J]. Comparative Clinical Pathology, 2014, 199 

23(3):603-611. 200 

[17] Magiorakos A P, Srinivasan A, Carey R B, et al., Multidrug-resistant, extensively drug‐resistant and 201 

pandrug-resistant bacteria: an international expert proposal for interim standard definitions for 202 

acquired resistance[J]. Clinical microbiology and infection, 2012, 18(3): 268-281. 203 



[18] Araj G F, Talhouk R S, Simaan C J, et al., Discrepancies between mecA PCR and conventional tests 204 

used for detection of methicillin resistant Staphylococcus aureus[J]. International journal of 205 

antimicrobial agents, 1999, 11(1): 47-52. 206 

[19] Costa A M, Kay I, Palladino S. Rapid detection of mecA and nuc genes in staphylococci by real-time 207 

multiplex polymerase chain reaction[J]. Diagnostic microbiology and infectious disease, 2005, 51(1): 208 

13-17. 209 

[20] Kenar B, Bagcigil A F, Kuyucuoglu Y, et al. Antimicrobial Susceptibility Profiles and Coagulase Gene 210 

Polymorphism of Staphylococcus aureus Isolated from Bovine Subclinical Mastitis[J]. Kafkas 211 

Universitesi Veteriner Fakultesi Dergisi, 2017, 23(4): 535-540. 212 

[21] Kenar B, Kuyucuoğlu Y, Şeker E. Antibiotic susceptibility of coagulase-negative staphylococci 213 

isolated from bovine subclinical mastitis in Turkey[J]. Pakistan Veterinary Journal, 2012, 32(3): 214 

390-393. 215 

[22] Kumar R, Yadav B R, Singh R S. Genetic determinants of antibiotic resistance in Staphylococcus 216 

aureus isolates from milk of mastitic crossbred cattle[J]. Current microbiology, 2010, 60(5): 379-386. 217 

[23] Shea K M. Antibiotic resistance: What is the impact of agricultural uses of antibiotics on children’s 218 

health?[J]. Pediatrics, 2003, 112(Supplement 1): 253-258. 219 

[24] Fluit A C. Livestock-associated Staphylococcus aureus[J]. Clinical Microbiology and Infection, 2012, 220 

18(8): 735-744. 221 

[25] Hiramatsu K, Katayama Y, Yuzawa H, et al., Molecular genetics of methicillin-resistant 222 

Staphylococcus aureus[J]. International Journal of Medical Microbiology, 2002, 292(2): 67-74. 223 

 224 

 225 


