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Mastitis in cows is caused by the simultaneous oc-
currence and overlap of many unfavorable factors of 
which the most important are pathogens. The etiologi-
cal agents that cause mastitis may vary depending on 
the climate, species or breeding. These agents include 
a wide range of Gram-positive and Gram-negative bac-
teria, mycoplasmas, fungi, yeasts, algae and viruses. 
According to Watts (35), the inflammation of the udder 
is caused by about 140 species of microorganisms. 
Pathogenic microorganisms that most frequently cause 
mastitis can be divided into two groups based on their 
source: environmental pathogens (coliform bacteria 
and Streptococcus species other than Streptococcus 
agalactiae) and contagious pathogens (Str. agalac-
tiae, Staphylococcus aureus, Mycoplasma spp. and 

Corynebacterium bovis). The source of environmental 
bacteria is the habitat of the cow while the source of 
contagious pathogens are infected mammary glands. 
The identification of pathogens causing mastitis is 
important for disease control and epidemiological stud-
ies. The studies regarding the occurrence of mastitis 
pathogens were performed in several countries world-
wide (19, 21, 27). However, a survey on mastitis has 
not been conducted on a larger scale in Poland. The 
research carried out in recent years generally included 
one group of microorganisms, single cow herds or 
regions (2, 10, 17). Changing breeding conditions, 
consumer expectations with regard to milk and milk 
products, breeding and veterinary practices, and tasks 
arising out of international economic and scientific 
cooperation require knowledge of the health status of 
food-producing animals.

This research paper addresses the hypothesis that 
the incidence of various bovine mastitis pathogens is 

1) The 5,378 samples were investigated in the former Department of Patho-
physiology of Reproduction and Mammary Gland, National Veterinary Research 
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Summary
This research paper addresses the hypothesis that the incidence of various bovine mastitis pathogens is subject 

to change over time and across regions. The aim of the research was to determine the pathogen species that 
are currently the etiological agents of mastitis in Polish dairy herds. This comprehensive study was conducted 
in the period 2009-2017 and included all the Polish provinces, distinguishing between those with high and low 
numbers of dairy cattle. Over eight years 38,852 quarter milk samples were obtained from 22,587 cows with 
clinical and subclinical mastitis from herds located in all 16 provinces in Poland. Milk samples were cultured 
using standard microbiological methods. Most of them were positive for microorganisms but there was also 
part of bacteriologically negative and contaminated samples. Gram-positive catalase-negative cocci and 
staphylococci were the most prevalent pathogens. The growth of other microorganisms such as Gram-negative 
and Gram-positive bacilli, yeasts and algae was observed at lower frequencies. There were differences in the 
prevalence of microorganisms depending on the region. In the eastern part of the country a higher number 
of Streptococcus agalactiae infections than in other regions was observed. This paper provides the latest data 
on microbial species, frequency of their occurrence and regional location within Poland. The knowledge of 
mastitis pathogens enables appropriate treatment and to make prevention recommendations for the herds.
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subject to change over time and across regions. The 
aim of the study was to determine the pathogen species 
that are currently the etiological agents of mastitis in 
Polish dairy herds, and their prevalence depending on 
the region.

Material and methods
The study was conducted in the period 2009-2017 and 

included the samples collected from all 16 provinces 
of Poland. Over seven years 38,852 milk samples were 
obtained from 22,587 cows with clinical and subclinical 
mastitis. The samples were collected by veterinarians or 
farmers and selected after clinical examination and using 
the California Mastitis Test (CMT). Milk samples were col-
lected with aseptic techniques in accordance with National 
Mastitis Council guidelines (21). Prior to collection of milk 
samples, the udder and teat were washed and dried and then 
the teat ends were disinfected with 70% ethyl alcohol. The 
first streams of milk were discarded before sample collect-
ing. The samples were cooled and immediately transported 
to the laboratory. Ten microlitres of milk were plated as soon 
as possible on sheep blood agar. Milk samples were cul-
tured using standard microbiological methods as described 
earlier (11, 30). A milk sample was classified as positive 
for S. aureus and Str. agalactiae when at least one charac-
teristic colony was identified. Other microorganisms were 
considered as etiological agents of mastitis if more than 
three colonies were observed. Microorganisms were ini-
tially identified by colony morphology, haemolytic pattern 
and Gram staining (Color Gram 2 kit, bioMérieux, F-69280 
Marcy-l’Etoile, France). For Gram-positive cocci, a catalase 
test was carried out to differentiate catalase-negative strepto-
cocci and enterococci from catalase-positive staphylococci. 
S. aureus were confirmed based on haemolytic patterns and 
a positive tube test for free coagulase (BIOMED, 00-725 
Warszawa, Chełmska 30/34, Poland). A positive Christie, 
Atkins, Munch-Petersen (CAMP) test and the lack of esculin 
hydrolysis on esculin-containing Edwards medium (17) 
were used to differentiate Str. agalactiae from other strep-
tococci. Enterococci were initially identified with the use 
of bile esculin agar (Biocorp, Parc technologique Lavaur la 
Béchade 63500 Issoire, France). Gram-negative bacilli were 
identified based on the cultural and morphological charac-
teristics, growth on MacConkey agar (Oxoid, Wade Road 
Basingstoke Hampshire RG24 8PW United Kingdom), 
indole production and oxidase test (bioMérieux, Marcy-
l’Etoile, France). The species were determined using API 
biochemical tests (bioMérieux, Marcy-l’Etoile, France). 
Coryneform bacteria (Corynebacterium bovis, Trueperella 
pyogenes) and Listeria monocytogenes were initially iden-
tified based on colony morphology and microscopic view. 
The identification was confirmed using API test (bioMéri-
eux, Marcy-l’Etoile, France) (17). Presumptive yeast and 
algae colonies were inoculated on Sabouraud dextrose agar 
(Oxoid, Hampshire, United Kingdom) and confirmed by 
microscopic observations. Species identification of Proto-
theca was based mainly upon morphological characteriza-
tion of cultures, smears stained with Gram or methylene 
blue, resistance to clotrimazole and carbohydrate assimila-
tion profiling (6, 17). Contaminated samples were defined 

as a mixed growth when three or more different species 
were isolated (except for S. aureus and Str. agalactiae). 
No growth samples were described when no colonies were 
observed after 72 h of incubation and after culture in Brain 
Heart Infusion broth (Oxoid, Hampshire, United Kingdom).

Results and discussion
Table 1 presents the distribution of milk samples in 

all Polish provinces. The largest number of samples 
was derived from Kuyavia-Pomerania (26.7%), 
Wielkopolskie (17.2%) and Lublin (15.1%) prov-
inces, and the least from West Pomerania (0.6%) and 
Pomerania (0.9%).

Table 2 shows distribution of pathogens as etiologi-
cal agents of bovine mastitis. Of the 38,852 quarter 
milk samples cultured, 29,859 (76.8%) were positive 
for pathogens (bacteria, yeasts and algae) including 
contaminated samples (8.8%). No growth was ob-
served in 8,993 (23.1%) of the samples. The most com-
monly isolated pathogens were Gram-positive catalase-
negative cocci (GPCNC) (12,491 isolates, 32.15% of 
the samples). This group of bacteria included 1017 
isolates of Str. agalactiae (2.6%) and 11,474 other 
non-infectious GPCNC (29.5%). The most prevalent 
mastitis streptococci were environmental streptococci. 
Among the isolates identified to the species level, 5751 
isolates (14.8%) were Str. uberis and 2758 isolates 
(7.1%) were Str. dysgalactiae. Enterococcus spp. 
were isolated from 2.8% of the samples. Other envi-
ronmental streptococci not identified to the species 
level and nonagalactiae streptococci constituted 4.8% 
of all samples.

Tab. 1. Origin of 38,852 milk samples from clinical and sub-
clinical cases of mastitis across Polish provinces

No Province Number of 
samples %

1 Dolnośląskie 1092 2.8

2 Kujawsko-pomorskie 10373 26.7

3 Lubelskie 5890 15.1

4 Lubuskie 687 1.7

5 Łódzkie 424 1.1

6 Małopolskie 1172 3.0

7 Mazowieckie 3526 9.1

8 Opolskie 1797 4.6

9 Podkarpackie 456 1.2

10 Podlaskie 2854 7.3

11 Śląskie 1625 4.2

12 Świetokrzyskie 812 2.1

13 Warmińsko-mazurskie 828 2.1

14 Wielkopolskie 6701 17.2

15 Pomorskie 368 0.9

16 Zachodniopomorskie 247 0.6

Total 38852 100.0
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The second largest group of the pathogens included 
staphylococci that were isolated from 9564 of the 
samples (24.6%). Among them 2360 (6.1%) belonged 
to the S. aureus species and 7204 (18.5%) were coag-
ulase-negative staphylococci (CNS).

A significant group of mastitis pathogens were 
Gram-negative bacteria (2485 isolates, 6.4%), which 
comprised Escherichia coli (1074, 2.7%), Klebsiella 
spp. (194, 0.5%), Serratia spp. (155, 0.4%), Proteus 
spp. (133, 0.3%), Enterobacter spp. (117, 0.3%) and 
Citrobacter spp. (30, 0.07%). The most prevalent 
nonfermentative Gram-negative bacilli (NFB) were 
Pseudomonas spp. (135, 0.3%), Aeromonas spp. (86, 
0.2%), Pasteurella multocida (3, 0.01%) and others 
(558, 1.4%).

Coryneform bacteria occurred in 774 (2.0%) sam-
ples. Besides Corynebacterium bovis (422 isolates, 
1.1%) and other Corynebacterium spp. (135 isolates, 
0.3%), Trueperella pyogenes was detected in 210 milk 
samples (0.5%). To this group we also included Listeria 
monocytogenes, which were found in 7 mastitis cases 
(0.01%).

A total of 394 (1.0%) samples were positive for 
yeasts (no moulds were isolated). Among positive 
samples genus Candida predominated (91.6% of yeast 
samples). Algae Prototheca genus was detected in 483 

milk samples (1.2%). All of the isolates were 
identified as P. zopfii.

The regions with the highest number of cows 
infected with Str. agalactiae were the Podlaskie 
(22.3%) and Mazowieckie (17.3%) regions, 
whereas the lowest occurrence of this pathogen 
was observed in Wielkopolskie (7.6%). S. aureus 
were isolated most frequently in herds localized 
in Mazowieckie and Lubelskie regions (14.2% 
and 15.5%, respectively) and less often in 
Małopolskie (8.3%) and Wielkopolskie (9.8%). 
The other mastitis pathogens occurred with simi-
lar frequencies in all provinces. The diversity in 
the number of samples is associated with the 
contribution of particular regions in population 
of dairy cattle. According to the Polish Central 
Statistical Office, the largest share in the milk cow 
population were in the Mazowieckie, Podlaskie 
and Wielkopolskie provinces and the smallest in 
Lubuskie, Podkarpackie, Zachodniopomorskie. 
Laboratories, where the samples were taken, are 
localised in Kujawsko-pomorskie, Wielkopolskie 
and Lubelskie regions. 

Many factors affect the occurrence of mastitis 
on dairy farms. Almost any microbe that can 
opportunistically invade tissue and cause infec-
tion can cause mastitis. The primary sources of 
infection for most pathogens may be regarded 
as contagious or environmental. In our study the 
most common microorganisms isolated from 
milk were environmental streptococci, CNS, 

coagulase-positive staphylococci (S. aureus) and 
Enterobacteriaceae (mainly E. coli). Other isolated 
organisms were Str. agalactiae, Gram-negative and 
Gram-positive bacilli, Prototheca spp., yeasts, C. bo-
vis and T. pyogenes. These microorganisms were also 
isolated in our previous study (18). The results are in 
agreement with the data reported by other authors, 
although percentages of each species sometimes differ 
fundamentally (2, 8, 10, 24, 25, 31). 

Streptococci other than Str. agalactiae are envi-
ronmental bacteria responsible for bovine mastitis. In 
our study environmental streptococci were the most 
frequently isolated pathogens from samples of milk 
from cows with mastitis. The primary sources of en-
vironmental streptococci bacteria that cause mastitis 
are environmental sites on the farm such as bedded 
housing and calving areas, standing water and soil in 
open areas. Another important source of environmen-
tal streptococci bacteria is the cow. Environmental 
streptococci have been cultured from the mouth, teat, 
abdomen and udder skin, bovine faeces and from straw 
bedding of cattle (5). The occurrence of mammary 
gland inflammation caused by contagious pathogen 
S. agalactiae has decreased over the last few decades 
due to introduction of mastitis control programmes 
(16, 18) and has been almost eradicated (0-0.2%) from 

Tab. 2. Distribution of mastitis pathogens in 38,852 milk samples 
from 22,587 cows with clinical and subclinical mastitis from mastitis 
cases

Group of microorganisms Frequency Percentage of 
samples (%)

Gram-positive catalase-negative cocci 12491 32.15

   Str. agalactiae 1017 2.61

   Other1 11474 29.53

Staphylococcus spp. 9564 24.61

   S. aureus 2360 6.07

   Coagulase-negative staphylococci 7204 18.54

Gram-negative bacteria 2485 6.39

   Enterobacteriaceae2 1703 4.38

   Gram-negative non-fermentative bacilli 782 2.01

Coryneform bacteria and Listeria monocytogenes 774 1.99

Gram-positive bacilli 249 0.64

Yeasts 394 1.01

Prototheca spp. 483 1.24

Culture-negative 8993 23.14

Contamination 3419 8.80

Total 38852 100.00

Explanations: 1Among identified to the species level 5751 isolates 
(14.8%) were Str. uberis, 2758 (7.1%) Str. dysgalactiae and 1864 (4.8%) 
Str. spp. isolates. Enterococcus spp. were isolated from 1101 (2.8%) 
samples.2 Enterobacteriaceae isolates identified to the species/genus level 
included – E. coli (1074; 2.7%), Klebsiella spp. (194; 0.5%), Serratia 
spp. (155; 0.4%), Enterobacter spp. (117; 0.3%), Proteus spp. (133; 
0.3%) and Citrobacter spp. (30; 0.007%)
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dairy herds in many countries (4, 8, 23). Recently, in 
some European countries such as Denmark and Finland 
the frequency of S. agalactiae isolation from bovine 
mastitis milk has increased again (1).

Among Gram-positive catalase-negative cocci 
identified to the genus level, Enterococcus spp. were 
less common mastitis pathogens than Str. uberis and 
Str. dysgalactiae, which is in agreement with our pre-
vious study (18) and studies performed by the other 
authors (8, 10, 22). Enterococci colonize the skin of 
the animals udder in a significant number, therefore 
it was suggested that these pathogens may be consid-
ered as contaminants of the milk samples and not as 
etiological agents of mastitis. However, further studies 
revealed that these bacteria have pathogenic potential 
in mastitis pathogenesis in cows in different stages of 
lactation (36).

Coagulase-negative staphylococci constitute a het-
erogeneous group with a large number of species 
and are pathogens frequently isolated from mastitis 
in dairy cows. The prevalence of CNS as etiological 
agents of mastitis is higher in primiparous than in older 
cows. These microorganisms have been considered as 
minor pathogens which can damage udder tissue and 
cause the decrease in milk production and milk qual-
ity and the increase in the somatic cell count (16, 26). 
Resistance to various antimicrobials is more common 
in CNS than in S. aureus, but CNS mastitis responds 
much better to antimicrobial treatment than S. aureus 
mastitis (32). This group of bacteria is a common cause 
of milk sample contamination and their isolation could 
also suggest poor sampling technique or poor teat end 
hygiene, or both (25). This may be confirmed by studies 
performed by Tenhagen et al. (33), who showed that 
CNS were the most frequently isolated microorganisms 
(46.8% of samples) from clinically healthy quarters of 
primiparous.

S. aureus is now the most common mastitis pathogen 
difficult to control in dairy herds. Although S. aureus 
is easily identified and not intractable to cultivate, it 
needs rapid and sensitive tests. Inflammations caused 
by S. aureus are usually chronic and occur without 
clinical symptoms. The pathogenicity of S. aureus is 
the result of the expression of a number of virulence 
factors that contribute to adhesion, escaping host de-
fenses and spreading in a host organism (3, 20, 29). In 
this study we showed the presence of S. aureus in 6.4% 
of the samples, while in our previous research in 8.6% 
(18). This is in accordance with the data reported by 
Wilson et al. (37) (9.1% of samples) and Tenhagen et 
al. (33) (5.0% of infected quarters). A higher percent-
age of S. aureus was demonstrated in milk samples 
from clinical cases in primiparous (10.0%) and older 
cows (11.7%) (33).

Mastitis caused by Gram-negative bacteria is 
a growing problem in modern and well-managed 
dairy herds. Coliforms, which are lactose-fermenting 

Gram-negative rods within the Enterobacteriaceae 
family, of the Enterobacterales order, belong to the 
most common causes of severe mastitis. Coliforms 
include E. coli, Klebsiella pneumoniae, Enterobacter 
cloacae and other species. The prevalence of coliform 
infection is low, constituting only 2-4% of mastitis 
cases; however, severe clinical mastitis is common and 
frequently fatal. The most important and most common 
pathogen that causes acute inflammation of the udder 
is E. coli. Apart from E. coli a great significance also 
have Klebsiella spp. and Serratia spp. Data reported by 
Schukken et al. (28) showed that Klebsiella spp. caused 
the most severe cases, just behind the E. coli, while 
much less clinical severity is observed in Serratia spp. 
infection. In this study the coliform species mentioned 
above were isolated the most frequently, which is in 
accordance with other reports (16, 11).

Trueperella pyogenes is a Gram-positive, non-spore-
forming, opportunistic pathogen with a broad range 
of virulence factors (39). This bacterium typically 
causes mastitis in dry cows or heifers prior to calv-
ing and rarely in lactating cows. Infections intensify 
particularly during the summer or humid weather. In 
this study T. pyogenes were isolated at low frequency, 
but all cases were severe with malodorous, purulent 
secretion, high somatic cell count, reduction in milk 
yield, high rate of mammary gland dysfunction.

A decrease in Corynebacterium spp. (1.2%) infec-
tion has been observed in comparison with the years 
2003-2005 (3.8%) (18). In our study C. bovis was the 
causative agent of bovine mastitis in 1.1% of the cases, 
which is in contrast to the results obtained from the 
study including nine dairy herds in North-East Poland 
(5.4%) (31). C. bovis is traditionally considered to be 
a minor mastitis pathogen, however it has become more 
common in Finland in 2004 (34.4%) (24). 

Yeast infections of the mammary gland usually occur 
as sporadic infections in a limited number of cows, or 
as an outbreak affecting a large number of animals. 
Yeasts are ubiquitous in the environment of dairy farms 
and may also be introduced into the udder together with 
contaminated drugs prepared in non-sterile conditions 
or due to the use of poor infusion techniques. However, 
yeast mastitis in cows is most frequently associated 
with prior antibiotic treatment of bacterial mastitis 
(12, 13). The incidence of yeast mastitis is usually low; 
however in tropical countries it may be considerably 
higher. In our study yeasts were isolated at a frequency 
of 1.0% from the milk samples. The isolation of these 
microorganisms from cattle affected with mastitis has 
also been reported in Brazil (7), Mexico (38) http://
www.elsevier.es/en-revista-revista-iberoamericana-
micologia-290-articulo-yeasts-isolation-from-bovine-
mammary-S1130140611000271 – aff0005and Algeria 
(14). The mentioned authors detected yeasts in 10.2-
25.75% of the milk samples. The percentages of yeast 
isolation in surveys conducted in many countries dif-
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fer significantly. These differences may result from 
the climate, the management of the herd, zoohygenic 
conditions in the barn, and many other reasons.

In the dairy farm environment, Prototheca spp. are 
especially abundant in muddy or wet outdoor runs or 
lots, resting areas, paths where animals are driven, and 
pastures contaminated with slurry. The disease has 
been recognized globally but only since the late 1990s 
has it received serious attention by the veterinary com-
munity due to its escalating occurrence (9).

In conclusion, the study performed in Poland in the 
period 2009-2017 found that the environment was the 
main source of pathogens, with greater involvement 
of environmental streptococci and CNS. Based on the 
results, we believe that there is a large diversity of 
occurrence and distribution of pathogens which are 
dependant on the geographical location and number 
of dairy farms in the province.
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