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Abstract 

Introduction: The objective of this study was to determine the current profile of bacteria responsible for the infection of 

the mammary gland and to assess their sensitivity to selected β-lactam antibiotics. Material and Methods: The study was 

conducted on 119 (n = 119) dairy cows of the Polish Black-White breed aged 4 to 10 years with inflammation of the mammary 

gland. The cows came from different farms: smallholder farms and large dairy cattle farms in the Lublin and Bialystok Provinces. 

Before the process of collection of milk samples, the teats were cleaned and immersed in a liquid disinfectant. The first streams 

were collected into containers which were subsequently utilised. Afterwards, 2-4 mL of milk or secretions was milked into sterile 

disposable tubes. The milk samples were collected into plastic bottles and kept in a cooler with ice until transportation to the 

laboratory. Tests of resistance to β-lactam antibiotics were performed by disc diffusion. Results: Contagious and environmental 

bacteria were isolated from all dairy barns. In the group of contagious bacteria, the presence of typical pathogens responsible for 

the mammary gland infections, i.e. Staph. aureus, Str. agalactiae, and C. bovis, was detected. A relatively broad group of the 

isolates was formed by environmental bacteria responsible for inflammation of the mammary gland: Str. dysgalactiae,  

Str. uberis, Staph. chromogenes, Staph. hyicus, Staph. warneri, and E. coli. Among the environmental organisms, streptococci 

constituted the largest percentage (23%), followed by staphylococci (13.2%), and E. coli (8.8%). The largest group of infectious 

pathogens comprised Str. agalactiae (29.6%) and Staph. aureus (20.8%). Conclusion: Our investigation of the current profile of 

the isolates responsible for mastitis in the Lublin and Bialystok Provinces showed that environmental bacteria are the major cause 

of the disease. In view of the substantially varying degrees of sensitivity of the microorganisms isolated from cases of mastitis to 

β-lactam antibiotics, each therapeutic treatment should be preceded by susceptibility testing.  

 

Keywords: cow, mastitis, microorganisms, β-lactam antibiotics. 

Introduction 

The bacteria which cause mastitis in cows are 

classified as contagious or environmental pathogens 

depending on epidemiological link with the disease 

(20). Infectious pathogens, e.g. Staph. aureus and  

Str. agalactiae, as well as the less common C. bovis 

and M. bovis, have an ability to survive in the 

mammary gland. Their presence may lead to 

inflammation, which is usually manifested as an 

increase in the number of somatic cells in milk from 

infected quarters (1). Environmental pathogens causing 

the mammary gland infection occur in the immediate 

cow’s environment, e.g. in litter, manure, and soil. This 

group includes streptococci, such as Str. dysgalactiae, 

Str. uberis, Enterococcus spp., E. coli, Klebsiella, and 

Enterobacter (18). In addition to bacteria, pathogenic 

environment includes fungi and algae (2). 

Inflammation of the mammary gland in cows is an 

important sanitary-epidemiological and economical 

issue (4, 15). The utility value of a cow is based on 

milk yield and its variations, which are determined by  

a series of factors that decide about an intensive or 

extensive breeding system. A principle in the treatment 
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of mastitis is introduction of therapeutic agents into the 

mammary gland quarters devoid of inflammatory 

secretions, if not accompanied by inflammation of the 

overall reaction system. Antibiotics should only be 

used where justified and any abuse may cause 

unintended reactions, regardless of the general 

contraindications for their introduction to the 

environment (4, 11-14, 23-25). 

The effectiveness of treatment depends on the 

aetiological factors causing the disease, but also the 

clinical symptoms, sensitivity of the microorganism to 

antibiotics, and efficiency of the immune system. 

Overuse or inappropriate use of antibiotics can lead to 

the development of resistance in different bacterial 

strains (19). In recent years, there has been a growing 

need to reduce the use of antibiotics in the treatment 

and prevention of diseases of animals (23). Therefore, 

to increase the effectiveness of the treatment, it is 

important to identify the strain and determine its 

sensitivity to antibiotics (4, 11, 12, 14, 23, 24). 

The aim of this study was to determine the current 

profile of bacteria responsible for the infection of the 

mammary gland in cows and to assess their sensitivity 

to selected β-lactam antibiotics. 

Material and Methods 

The study was conducted on 119 dairy cows of the 

Polish Black-White breed aged 4 to 10 years with 

inflammation of the mammary gland and weighing 

about 650 kg each. The animals were fed farming feed 

concentrates comprising wheat, rye, and fodder grain 

(oats, barley), alternating with raw corn and pasture 

grazing. Access to food and water was provided  

ad libitum. The analyses were carried out between 

March and September. Cows were qualified for the 

research on guidance from the owners. The animals 

were verified using the DRAMINSKI Mastitis Detector 

4×4Q (Dramiński®, Poland), a 4-quarter device for 

detecting subclinical mastitis in its earliest, visually 

undetectable stage, in order to assess the somatic cell 

count. Cows with a somatic cell count ≥400 000/mL 

were classified for the study. The cows came from 

different farms (Table 2): smallholder farms with under 

20 heads (1, 4, 6, 7, 8, and 12) and large dairy cattle 

farms holding over 50 animals (2, 3, 5, 9, 10, and 11) in 

the Lublin and Bialystok Provinces. Before the 

collection of milk samples, the teats were cleaned and 

immersed in a liquid disinfectant – Avitaderm (Agrovet 

– Sniadowo, Poland). Afterwards, their mouths were 

wiped with a swab soaked in 70% ethanol. The first 

streams were collected into containers which were 

subsequently utilised. Afterwards, 2-4 mL of milk or 

secretions was milked into sterile disposable tubes. The 

milk samples were collected into plastic bottles and 

kept in a cooler with ice until transportation to the 

laboratory. Tests of resistance to β-lactam antibiotics 

were performed by disc diffusion on Mueller-Hinton 

media, in accordance with NCCLS guidelines (NCCLS, 

1987:199). The following OxoidTM rings were used: 

penicillin G (10 IU), amoxicillin (10 mg), ampicillin 

(10 mg), cefoperazone (30 mg), cefacetrile (30 mg), 

cloxacillin (5 μg), cefalexin (30 mg), cefazolin (30 mg), 

and cefalothin (30 μg). Staph. aureus ATCC25 923 and 

E.coli ATCC25 922 were used as reference strains. 

Evaluation of the results was carried out according to 

the NCCLS criteria (4, 14, 17, 21) differentiating the 

bacteria as sensitive, moderately susceptible, and 

resistant strains. Because of the explicitness of the 

results obtained, no statistical calculations were 

performed. 

Results 

The bacteriological examination showed that in all 

analysed dairy barns infectious and environmental 

bacteria were isolated. In the group of contagious 

bacteria, the presence of typical pathogens responsible 

for the mammary gland infections, i.e. Staph. aureus, 

Str. agalactiae, and C. bovis, was detected (5, 6, 8-11, 

13, 16, 19, 22). A relatively broad group of isolates  

was formed by environmental bacteria responsible  

for mastitis: Str. dysgalactiae, Str. uberis, Staph. 

chromogenes, Staph. hyicus, Staph. warneri, and  

E. coli. A detailed list of the isolates is presented in 

Tables 1 and 2.  

Table 1. Bacteria isolated from cows with mastitis 

Mastitis-causing bacteria Number of isolated bacteria 

Str. uberis 5 

Str. agalactiae 27 

Streptococcus spp. 5 

Str. dysgalactiae 11 

C. bovis 4 

Staph. aureus 19 

Staph. hyicus 3 

Staph. haemolyticus 9 

E. coli 8 

 

Among the environmental organisms, streptococci 

accounted for the largest percentage (23%), followed 

by staphylococci (13.2%), and E. coli (8.8%). The 

largest group of infectious pathogens comprised  

Str. agalactiae (29.6%) and Staph. aureus (20.8%).  

At the same time, it cannot be inferred whether the 

number of cows in the farm can influence the type and 

quantity of the isolated pathogens (Table 3). 

As shown in Table 4, the tested isolates exhibited 

different levels of resistance to cefalosporins. C. bovis 

isolates showed 100% resistance to cefalothin, 

similarly as E. coli to cefazolin. Then, in successive 

order, 80% of the tested strains of C. bovis were 

resistant to cefacetrile and 60% of the isolates were 

resistant to cefoperazone. The susceptibility of the 

tested pathogens to cefalosporins was generally low. 
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Table 2. Number of contagious and environmental microorganisms isolated in each farm 

Farm 
(n = 12) 

1 
S 

2 
L 

3 
L 

4 
S 

5 
L 

6 
S 

7 
S 

8 
S 

9 
L 

10 
L 

11 
L 

12 
S 

Total % 

Contagious 
microorganisms 

4 2 3 5 1 4 2 3 6 1 1 2 34 37.3 

Environmental 

microorganisms 
4 5 3 3 6 5 7 3 3 7 6 5 57 62.7 

S-small farm, L-large farm 

 

 
Table 3. The amount of isolated microorganisms depending on the number of 

dairy cows on the farm 

Isolated microorganisms  
The number of 

cows below 20 

The number of 

cows above 50  

Str. uberis 4 1 

Str. agalactiae 11 16 

Streptococcus spp. 5 0 

Str. dysgalactiae 9 2 

C. bovis 4 0 

Staph. aureus 9 10 

E. coli 5 3 

Staph. hyicus 2 1 

Staph. haemolyticus 5 4 

Envinronmental (%) 

Contagious (%) 

44.5 

55.5 

30 

70 

 

   
Table 4. Sensitivity of isolated mastitis-causing bacteria to selected β-lactam antibiotics 

 Pathogens  
 

 

Antibiotic 

Staph. Aureus 

% 

Str.agalactiae 

% 

C. bovis  

% 

Str. dysgalactiae.  

% 

Str. Uberis 

% 

E.coli  

% 

Staph. haemolyticus 

% 

benzylpenicillin G 
S - 20 
AS- 0 

R - 80 

S- 80 
AS-20 

R - 0 

S- 100 
AS- 0 

R- 0 

S- 80 
AS- 20 

R- 0 

S-20 
AS-80 

R-0 

S-ne 
AS-ne 

R-ne 

S-40 
AS-0 

R-60 

cloxacillin 
S - 60 
AS-20 

R - 20 

S- 40 
AS- 0 

R- 60 

S- 0 
AS- 100 

R- 0 

S- 0 
AS- 20 

R- 80 

S-0 
AS-20 

R-80 

S-ne 
AS-ne 

R-ne 

S-40 
AS-0 

R-60 

ampicillin 
S - 60 
AS- 0 

R - 40 

S- ne 
AS- ne 

R- ne 

S- 100 
AS- 0 

R- 0 

S- ne 
AS-ne 

R-ne 

S-80 
AS-20 

R-0 

S-0 
AS-60 

R-40 

S-0 
AS-20 

R-80 

amoxycillin 

S - 80 

AS- 20 
R - 0 

S- 0 

AS- 100 
R- 0 

S- 0 

AS- 100 
R- 0 

S-20 

AS-80 
R-0 

S-20 

AS-80 
R-0 

S-60 

AS-40 
R-0 

S-20 

AS-60 
R-20 

cefacetril 

 

S - 0  

AS- 100 
R - 0 

S- 0 

AS- 100 
R- 0 

S- 0 

AS-20 
R- 80 

S-30 

AS-50 
R-20 

S-20 

AS-80 
R-0 

S-0 

AS-60 
R-40 

S-50 

AS-0 
R-50 

cefazolin 

S - 0 

AS- 80 

R - 20 

S- 50 

AS- 50 

R- 0 

S- ne 

AS- ne 

R- ne 

S-80 

AS-20 

R-0 

S-ne 

AS-ne 

R-ne 

S-0 

AS-0 

R-100 

S-20 

AS-40 

R-40 

cefalothin 

S - 0 

AS- 80 

R - 20 

S- ne 

AS- ne 

R- ne 

S-0 

AS0 

R-100 

S-ne 

AS-ne 

R-ne 

S-ne 

AS-ne 

R-ne 

S-ne 

AS-ne 

R-ne 

S-ne 

AS-ne 

R-ne 

cefoperazone 

S - 20 

AS- 89 

R - 0 

S- 35 

AS- 35 

R- 30 

S-40 

AS-0 

R-60 

S-20 

AS-80 

R-0 

S-ne 

AS-ne 

R-ne 

S-ne 

AS-ne 

R-ne 

S-20 

AS-20 

R-60 

S – sensitive, AS – moderately sensitive, R - resistant, ne – not examined 

 

 

The highest percentage (80%) of Str. dysgalactiae 

isolates was susceptible to cefazolin, while 50% of  

Str. agalactiae strains were sensitive to it. Staph. 

haemolyticus strains showed the same sensitivity to 

cefacetrile. The sensitivity of all other isolates to four 

tested cefalosporins ranged between 20% and 35% 

(Table 4). Resistance to benzylpenicillin G ranged from 

80% (Staph. aureus) to 60% (Staph. haemolyticus).  
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A relatively high sensitivity to benzylpenicillin G in the 

range of 80-100% was noted in Str. agalactiae and  

C. bovis. A high percentage of the tested isolates was 

resistant to cloxacillin: Str. agalactiae - 60%,  

Staph. haemolyticus - 60%, and Str dysgalactiae - 80%. 

While estimating the results for aminopenicillins, it was 

assumed that the resistance to ampicillin in the case of 

E. coli and Staph. haemolyticus strains was higher in 

comparison to amoxycillin, while the highest 

percentage of the strains sensitive to both 

aminopenicillins was found in the case of Staph. aureus 

and Str. uberis (Table 4).  

Discussion 

The average percentage of cows with mastitis 

caused by infectious bacteria was 37.3 and mastitis 

caused by environmental organisms accounted for 62.7 

of the analysed cases. A variation between the farms in 

the occurrence of contagious and environmental 

bacteria among the examined isolates was observed. 

For example, in farms 4 (small farm) and 9 (large 

farm), the dominant pathogens responsible for mastitis 

were infectious bacteria (Staph. aureus and  

Str. agalactiae). However, in farms 5 (large farm), 7 

(small farm), 10 (large farm), and 11 (large farm), 

environmental bacteria dominated. In other farms, both 

infectious and environmental microorganisms were 

isolated in similar quantities. While analysing the 

diversity in the occurrence of pathogens responsible for 

mastitis in particular farms, no rules can be deduced 

from the distribution of contagious and environmental 

microorganisms. It should be stressed that in the 

analysed regions of our country, the environmental 

bacteria were the aetiological factors of mastitis in  

a large percentage of cases.  

In a study conducted in 2001-2006 (24), it was 

reported that the average percentage of staphylococcal 

isolates resistant to benzylpenicillin G was relatively 

low (28.9%), especially in comparison to the resistance 

of these pathogens (60%-80%) isolated in the examined 

farms. A higher level of resistance of staphylococci 

(55.5% Staph. aureus and coagulase-negative - 49.4%) 

was noted by other authors in the national research 

(14). The existing data confirm that staphylococci 

resistant to penicillin G and cloxacillin are still a major 

problem in the treatment of mastitis. According to 

many authors (14, 23, 24) as well as our data, the  

high resistance to ampicillin in staphylococci and  

E. coli strains should be a prerequisite for not using this 

antibiotic in cases of mastitis without verifying its 

effectiveness in vitro. Moreover, during the treatment 

of so-called acute cases of mastitis, ampicillin should 

not be the medicine of choice when it is necessary to 

introduce an antibiotic at random. The relatively high 

percentage of cephalosporin-resistant isolates among 

all the evaluated microorganisms against the tested 

cefalosporins prompts more prudent use if the 

susceptibility of aetiological factor has not been 

determined. 

Assessment of sensitivity of mastitis isolates to 

antibiotics allows for proper selection of medicines, 

reduces the probability of lack of treatment efficiency, 

and contributes to decreasing the scale of antibiotics 

use. The in vitro tests of the isolated bacteria’s 

sensitivity to chemotherapeutics also provide early 

assessment of the scale of increase of resistant strains 

in farms or in medical practice. The results of the 

bacteriological examinations presented here confirm 

the need for continuous monitoring of the sensitivity to 

antibiotics of both contagious and environmental 

microorganisms. 

In conclusion, our investigation of the current 

profile of the isolates responsible for mastitis in the 

Lublin and Bialystok Provinces showed that 

environmental bacteria are the major cause of the 

disease. It was also shown that Streptococci were the 

predominant pathogen in this group of microorganisms. 

The results concerning the resistance of the analysed 

pathogens to β-lactam antibiotics showed a different 

level of their sensitivity to these chemotherapeutics. 

For example, 100% resistance was detected in the  

C. bovis strains to cefalothin and up to 80% 

susceptibility of Str. dysgalactiae to cefazolin was 

found. A particularly high proportion of resistance in 

all isolates tested was recorded in the case of 

cloxacillin. In the group of aminopenicillins, there was 

a higher resistance of E. coli and Staph. haemolitycus 

strains to ampicillin compared to amoxicillin. In view 

of the substantially varying degrees of sensitivity of 

microorganisms isolated from cases of mastitis to  

β-lactam antibiotics, each therapeutic treatment should 

be preceded by susceptibility testing. 
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