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1. Introduction
Bovine mastitis is an inflammatory reaction caused by 
various types of bacteria that gain entry into the teat canal 
and mammary gland, and it is the most significant economic 
drain on the worldwide dairy industry (1). On the basis 
of habitat of pathogens, mastitis is classified as contagious 
mastitis and environmental mastitis. Contagious mastitis 
is caused by contagious bacteria (Staphylococcus aureus or 
Streptococcus agalactiae) living on the skin of the teat and 
inside the udder, but environmental mastitis is caused by 
environmental pathogens normally found in soil and feed 
(e.g., Escherichia coli, Streptococcus uberis, Klebsiella spp.) 
(2).

S. agalactiae is a major contagious pathogen causing 
bovine subclinical mastitis that can survive for long 
periods within the mammary gland and can be transmitted 
to healthy cows through poor milking hygiene (3,4). S. 
aureus is considered to be one of the most common causes 
of bovine mastitis in the world, which is most frequently 
subclinical (1). 

Medical therapy comprising antibiotics is an important 
instrument in the scheme of mastitis control. Bovine 

mastitis is the most costly disease in the dairy industry due 
to decreased production and milk quality, increased use of 
medicaments, and veterinary fees (5). Therefore, mastitis 
has been recognized as a major disease affecting the dairy 
industry, especially in its subclinical form (6,7). Although 
clinical mastitis can be detected by visible changes in milk 
composition (clots, wateriness) and/or mammary gland 
(redness, pain, and/or swelling) in the farm environment, 
subclinical mastitis can only be detected by the 
measurement of inflammatory components and isolation 
of the pathogens in the milk (6).

Since somatic cell count (SCC) in milk has been 
considered a superior marker for subclinical mastitis (7), 
the use of SCC is critical and essential for determining the 
reduction of the milk yield. Milk can contain both bacterial 
pathogens and toxins, and its consumption may directly or 
indirectly increase the risk of foodborne diseases (8).

Rajala-Schultz et al. (9) stated that bovine mastitis 
is the single most common reason for antimicrobial use 
in lactating cows. Therefore, antimicrobial resistance 
patterns of mastitis pathogens have received much interest 
in recent years.  
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The present study was conducted to determine the 
presence of major contagious mastitis agents (S. agalactiae 
and S. aureus) in dairy cows with subclinical mastitis and 
investigate the in vitro susceptibility of the isolates to 
several antimicrobial agents.

2. Materials and methods 
In the present study, 348 lactating cows from 15 different 
smallholder dairy farms located in the Marmara Region of 
Turkey were examined. In order to determine subclinical 
mastitis in dairy cows, clinical examination of the udder 
and screening using the California mastitis test (CMT) 
were carried out on the farms. CMT-positive milk samples 
(CMT +, ++, +++) of each examined quarter were 
suspected as samples of subclinical mastitis. They were 
carefully collected for further analyses, transported to the 
laboratory in an ice-cooled box, and analyzed immediately.

Somatic cell counts were performed using a Fossomatic 
90 instrument (Foss Electric, Hillerod, Denmark) after 
heat treatment at 40 °C for 15 min (10). 

After that, milk samples were inoculated into nutrient 
broth with horse sera, onto nutrient agar with 7% sheep 
blood, and onto MacConkey agar plates. Inoculations onto 
blood agar plates were duplicated for each sample and 
incubated in both aerobic and microaerobic conditions. 
MacConkey agar plates were incubated aerobically, at 
37 °C for 24–48 h. Nutrient broths were also incubated 
microaerobically, at 37 °C for 24–48 h. Gram staining was 
performed on the cultures and bacteriological methods were 
used for the identification. The isolates were identified as S. 
agalactiae, belonging to Lancefield’s serological group B, by 
determination of cultural and biochemical properties and 
serogrouping, and as S. aureus by cultural and biochemical 
properties including coagulase activity (11). S. agalactiae 
and S. aureus isolates were investigated for their in vitro 
susceptibility to 16 antimicrobial agents. The antibiotic 
susceptibility tests, according to the guidelines from the 
Clinical and Laboratory Standards Institute (CLSI), were 
performed to select the convenient antimicrobial agent. 
Resistance was determined by measurement of inhibition 
of growth around the antimicrobial disk according to the 
zone diameter interpretative standards of the CLSI (12). 

3. Results 
CMT and SCC results of analyzed milk samples are 
presented in Table 1. Of the samples, 169 (62.59 %) were 
evaluated as CMT (+), 67 (24.82 %) were CMT (++), and 
34 (12.59 %) were CMT (+++). The means of SCC were 
237,481, 1,346,234, and 2,213,847, respectively, according 
to their CMT results.

 Submitted milk samples (n = 270) were characterized 
as no growth (n = 45), contaminated (n = 5), or containing 
bacterial pathogens (n = 256). Dispersions of the isolates 
are shown in Table 2 and antibiotic susceptibility test 
results for S. agalactiae (n = 25) and S. aureus (n = 12) 
isolates are explained in Table 3 for 16 antimicrobial 
agents. None of the S. aureus isolates were found to be 
resistant to methicillin.

 
4. Discussion
Nowadays, the economic impact of clinical and subclinical 
mastitis is high in the dairy industry. Losses occur from 
decreased milk production, treatment and labor costs, 
veterinary fees, risk of culling or death of the cow, and 
reduced milk quality and milk price (7,13). Furthermore, 
low-quality milk can contain pathogens and their toxins, 
which may hazardous for human health (8).

The quickest and easiest way to identify subclinical 
intramammary infection in dairy cows is by using defined 
parameters within either SCC or CMT scores. Somatic cells 
are always present in milk and increase due to mammary 
gland infections (8). SCC in healthy cow’s milk is between 
50,000 and 100,000 cells/mL, and it is considered unhealthy 
for consumers when it exceeds 200,000 cells/mL (14).

The means of SCC in the present study were within 
healthy limits for consumers and were recognized as 
suspected for subclinical mastitis. Similarly, Kaşıkçı et 
al. (8) determined that the average SCC of milk samples 
with subclinical mastitis were 249,453, 1,167,058, and 
2,108,139, respectively, while Rişvanlı and Kalkan (15) 
stated that the mean SCCs of the milk samples were 
313,001, 559,007, and 1,563,618, respectively, according to 
their CMT results. Lafi (16) examined a total of 1210 milk 
samples from 46 flocks near Irbid, Jordan, and observed 
that 91% (654/719) of them had fewer than 1.00 × 106 

Table 1. SCC of milk samples with subclinical mastitis (n = 270).

Characteristic
n

SCC (1000 cells/mL)

Min. Max. Average %

CMT (+) 169 20 1400 237 62.59

CMT (++) 67 100 2300 1346 24.82

CMT (+++) 34 1000 2700 2214 12.59
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cells/mL; they added that, in 472 milk samples (39.1%), 
the bacterial culture yielded at least 1 pathogen. Bhutto 
et al. (17) emphasized that 507 (53%) of 960 subclinical 
intramammary infection milk samples had <150 × 103, 
151–250 × 103, 251–500 × 103, 501–750 × 103, and 751 to 
>1000 × 103 SCC, respectively, according to their CMT 
results.

Subclinical mastitis, which is a hidden form of 
mammary gland infection, is a very complex disease with 
numerous causative agents. Contagious pathogens such 
as S. aureus or S. agalactiae, which are the most common 
agents related to subclinical mastitis, are responsible for 
the strong indicators of the presence of intramammary 
infections in a herd (1,4). In the present study, S. aureus 
was detected in 4.44% of analyzed milk samples, while S. 
agalactiae was found in 9.25% of milk samples. The lower 
isolation rate of S. aureus than of S. agalactiae is contrary 
to the previous studies reported from Turkey. The rate of 
S. agalactiae isolation was stated as between 3.86% and 
18.9%, while the S. aureus isolation rate was determined 
between 13.3% and 47.3% (18–26). Based on the results of 
the present study, 37 of 256 (14.4%) isolates were identified 
as contagious mastitis pathogens. 

In this study, S. agalactiae was found to be streptomycin- 
(100%), neomycin- (96%), and vancomycin- (92%) 
resistant, whereas S. aureus was detected to be ceftiofur- 
(100%), ampicillin-, neomycin-, and vancomycin- 

(91.67%) resistant. The most effective antibiotics against S. 
agalactiae were amoxicillin/clavulanic acid (88%), while S. 
aureus was susceptible to gentamicin (91.66%).

The β-lactams have become the first choice of 
antimicrobial agents used for treatment of bovine 
mastitis in Turkey. Penicillin, amoxicillin/clavulanic 
acid, and ampicillin are the most commonly used agents 
for treatment of bovine mastitis, because of their low 
resistance rates and narrow spectra (27). In the present 
study, 88% of S. agalactiae were classified as amoxicillin/
clavulanic acid-susceptible, while 91.67% of S. aureus 
was classified as ampicillin-resistant. Similar results were 
stated by several researchers in Turkey with 77.3% (26) 
and 64.3% (24) ampicillin resistance to S. aureus.  

Aminoglycosides are used for prophylactic purposes in 
dairy animals (28). Researchers also reported that calves 
are fed with milk replacer, which contains neomycin (9). 
In this study, higher resistances to neomycin (91.67% 
and 96%) were observed against S. aureus and S. 
agalactiae isolates, respectively. Rato et al. (29) pointed 
out that among the 108 bovine isolates tested, the highest 
antimicrobial resistance patterns against S. agalactiae were 
observed for streptomycin and gentamicin (97.2% and 
80.6%, respectively). Our findings are similar to the results 
of the previous study with 100% and 72% antimicrobial 
resistance against S. agalactiae for streptomycin and 
gentamicin, respectively. Likewise, several studies 

Table 2. Dispersions of the isolates.

Isolates Number 
of isolates

Percentage of 
results (%)

S. aureus 9 3.3

S. agalactiae 19 7.03

S. aureus + S. agalactiae 1 0.3

S. aureus + Candida spp. 1 0.3

S. aureus + gram-negative bacilli 1 0.3

S. agalactiae + Candida spp. 1 0.3

S. agalactiae + gram-negative bacilli 3 1.1

S. agalactiae + Staphylococcus spp.* 1 0.3

Other bacteria 184 68.1

No growth 45 16.6

Contaminated** 5 1.8

Total 270 100

*: Not including S. aureus
**: Defined as a mixture of at least 3 environmental type organisms without isolation of major 
mastitis pathogens.
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conducted previously in Turkey showed similarity with 
our data about streptomycin resistance in S. agalactiae 
(22,26)  but variable resistance to gentamicin S. aureus 
(22,24,26). Aminoglycosides are not the preferred 
antimicrobial agents for the treatment of streptococcal 
mastitis because streptococci have inherited resistance to 
this class of antibiotics (27).

Ceftiofur hydrochloride, a third-generation 
cephalosporin, is one of the most commonly preferred 
systemic antimicrobials in lactating cows in a herd. In 
this study, the highest resistance to ceftiofur (100%) was 
observed in S. aureus isolates. Some authors’ reports 
showed similarity with our data, which pointed out that S. 
aureus strains from bovine intramammary infections were 
resistant to ceftiofur (30).

Vancomycin is a glycopeptide antibiotic used in the 
prophylaxis and treatment of infections caused by gram-
positive bacteria. Higher vancomycin resistance in S. 
agalactiae (92%) in this study was contrary to results of 

some authors who reported that none of the streptococcal 
isolates tested in their studies showed resistance to 
vancomycin (22,29). 

Milk production is indispensable worldwide, and 
especially in Turkey. Bovine mastitis is one of the most 
important diseases that threaten public health and the 
dairy industry. Routine inspections with CMT and SCC 
are necessary in the diagnosis of mastitis, and isolation 
of pathogens and antimicrobial susceptibility testing 
are essential to control the disease and achieve effective 
therapy. The causative agents and their susceptibilities to 
antibiotics can be shown to vary by geographical location 
and time. 
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Table 3. Percentages of in vitro susceptibility to selected antimicrobial agents for S. 
agalactiae and S. aureus isolates.

Antibiotic 
Susceptibility rate (%)

S. agalactiae S. aureus

Cefoperazone 32 24.95

Gentamicin 28 91.66

Ampicillin/sulbactam 56 66.66

Ampicillin 20 8.33

Amoxicillin/clavulanic acid 88 66.66

Amoxicillin 28 16.66

Trimethoprim/sulfamethoxazole 20 58.33

Vancomycin 8 8.33

Neomycin 4 8.33

Penicillin G 40 75

Streptomycin 0 16.66

Enrofloxacin 36 25

Oxytetracycline 16 16.66

Ceftiofur 12 0

Erythromycin 28 33.33

Lincomycin 20 25
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