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A b s t r a c t

Mastitis is the most common disease of dairy cows, which causes significant economic losses 
in dairy farming. Mastitis caused by Staphylococcus aureus is particularly difficult to treat and 
eradicate, which is why rapid identification and evaluation of the pathogen and strain is impor-
tant. The study presents occurrence and characterisation of S. aureus in the North – East region 
of Poland, and especially in the Podlaskie Voivodeship. Of the 9,617 samples of milk from cows 
suspected of mastitis, S. aureus was isolated from 1,330 samples, representing 19.4%. 225 strains 
of S. aureus were biotyped according to Umeki and classified into three biotypes: I – 19 (8.45%),  
III – 115 (51.11%), IV – 91 (40.44%). Biotype IV strains showed the most pathogenic characteri-
stics. Randomly selected S. aureus strains were genotyped using ADSRRS-fingerprinting, this 
method was a better tool for differentiating strains compared to biotyping.

Introduction

Mastitis is the most common dairy cows’ disease and contributes to 
significant economic losses in dairy farming. A particular problem is the 
inflammation caused by staphylococci, especially Staphylococcus aureus. 
This is due to the specific properties of S. aureus, among others: the ability 
to adhere to mammary gland cells, which facilitates tissue colonization 
(FrOSt 1975, aguilar et al. 2001), the ability to produce enzymes and 
toxins, which in turn enables the spread of bacteria in the mammary 
gland, while the polysaccharide capsular and coagulase impair immune 
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defense (SOrdelli et al. 2000, SzyMańSka and BuczeK 1999). Slime and 
biofilm production enables staphylococci to survive in the mammary gland 
(vaSunDevan et. al. 2003, FOX et al. 2005, MelhiOr et al. 2006). In 
addition, the production of β-lactamase and the presence of the PBP2a 
protein reduces the sensitivity of these bacteria to β-lactam antibiotics, 
including methicillin (łoPaciuk and DzierżanowSka 2002). This results 
in mastitis which is difficult to treat and combat. In preventing the occur-
rence of new infections, it is important to quickly recognize and thoroughly 
understand the etiological factor. Effective typing of bacteria, especially 
staphylococci shows the pattern of transmission of infection, enables the 
identification of a reservoir of microorganisms and helps to eliminate exi-
sting infections and prevents the formation of new ones (MięDzyBroDzki 
et al. 2008). Many phenotypic and genotypic methods are used to differen-
tiate S. aureus strains isolated from cow’s mammary gland. Phenotyping 
is the classification of strains based on the phenotypic characteristics of 
microorganisms. The phenotyping of S. aureus strains isolated from cow’s 
milk uses: biotyping, i.e. the classification of bacteria based on specific 
biochemical characteristics (hajeK and MarSaleK 1961, DevrieSe et al. 
1984, haKiMi et al. 2016), serotyping (tOllerSrud et al. 2000, guidry et al. 
1998, Sutra 1990, pOutrel 1988, Bardiau et al. 2014, aMBrOggiO et al. 
2018), phagotyping (MacKie et al. 1987, aareStrup et al. 1997, FOX et al. 
1991, larSen et al. 2000, vintov et al. 2003). Methods based on electro-
phoretic techniques are also used to analyze cellular protein profiles such 
as immunoblotting (leitner et al. 2003, yOuniS et al. 2002) and MLEE 
(Multilocus Enzyme Electrophoresis) (Fitzgerald et al. 1997, tOller-
Srud et al. 2000). One of the phenotypic methods for typing staphylococci 
is testing the antibiotic resistance profile (aareStrup et al. 1995, 
raiMundO at al. 1999, larSen et al. 2000, vintov et al., 2003, anderSOn 
et al. 2006, jagielSKi et al. 2014). It is a method commonly employed 
because of routine use of antibiograms, simplicity and low costs of testing. 
Commercial tests such as API 20 Staph system (bioMerieux), Api ID 32 
Staph (bioMerieux), Staph-Zym (Rosco), the VITEK system (bioMerieux), 
Microgen Staph ID (Microgen Bioproducts) and STAPHYtest (PLIVA-La-
chema) are commonly used to identify and type S. aureus strains (liSOW-
Ska-łySiak et al. 2018). Currently, genotypic methods are used for detec-
tion, identification, typing (differentiation) as well as in taxonomic studies 
or phylogenesis of S. aureus. In the study of genetic variation, molecular 
biology techniques are used, including chromosome size analysis, restric-
ted digestion of the genome or plasmids and electrophoretic separation of 
its products. Analysis of plasmid profiles of S. aureus strains was one  
of the first methods used in research, but due to high variability and low 
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differentiating potential it is rarely used nowadays in epidemiological stu-
dies (aareSrup et al. 1995, MattheWS et al. 1993, naSciMentO et al. 
2005). REA-PFGE (Restriction Enzyme Analysis with Pulsed Field Gel 
Electrophoresis) is the “gold standard” in staphylococcus typing and is 
useful in epidemiological studies, detection of infection sources and in the 
case of infections caused by one strain (SaBat et al. 2013, lundBerg et al. 
2016, jagielSKi et al. 2014, hata et al. 2016, KOt et al. 2012, caStelani 
et al. 2013). The PCR (Polymerase Chain Reaction) technique that mimics 
the phenomenon of DNA replication is one of the most popular research 
techniques used to detect, identify, and determine phylogenetic relation-
ships. Due to the advantage of sensitivity and speed of analysis, it is used 
in laboratories in various forms. For typing of S. aureus strains isolated 
from cow mastitis amplification of known genome regions combined with 
PCR/RFLP restriction analysis (lange et al. 1999) is used where strains 
are most often differentiated based on the amplification for example: 
coagulase (coa) gene fragments (aareStrup et al. 1995, De Silva and  
De Silva 2005, KaraKulSKa et al. 2011) and protein A (spa) (anneMüller 
et al. 1999, lange et al. 1999, kuźMa et al. 2005, hata et al. 2016), genes 
encoding biofilm formation protein e.g. ica gene or bap gene (vaSunDevan  
et. al. 2003, SzWeda et al. 2012, SaliMena et al. 2016), genes encoding the 
ability to produce toxins (hayaKaWa et al. 2001, larSen et al. 2002) or 
antibiotic resistance genes  including methicillin resistance – the gene mec.

Next typing method is Random Amplified Polymorphic DNA amplifi-
cations (RAPD) – PCRs used to quickly differentiate S. aureus strains 
(laM et al. 1996, SachanOWicz et al. 2007, naWrOteK et al. 2009). Another 
variation of the PCR technique is the amplification of two or more different 
DNA fragments, i.e. Triplex PCR (SaBat et al. 2006, jagielSKi et al. 2014), 
Multiplex PCR (puacz et al. 2015). Ribotyping is based on differentiation 
of genes encoding the chromosomal RNA (rRNA) of the small and large 
ribosome subunits. The PCR (aareStrup et al. 1995) or hybridization 
technique (larSen et al. 2000) is used. Microarrays (CHIP-DNA) are 
recently used to type S. aureus strains through hybridization (liSOWSKa-
-łySiak et al. 2019). Another method is fingerprinting based techniques – 
which involves amplifying a polymorphic DNA fragment in a PCR reaction 
using appropriately designed primers. In the S. aureus typing, the presence 
in the genome of tandem repetitive substances (VNTR, Variable – Number 
Tandem Repeat) (SaBat et al. 2006, pichette-jOlette at al. 2019) can be 
used. Among them ssp, coa, spa, sdr regions or the AFLP (Amplified Frag-
ment Length Polymorphism) method (SakwińSka et al. 2011, van leeu-
Wen et al. 2005) and ADSRRS fingerprinting (Amplification of DNA frag-
ments Surrounding Rare Restriction Sites) (KraWczyK et al. 2007). 
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Recently the methods utilizing Multi-Locus Sequence Typing (MLST) 
(SaBat et al. 2013, jagielSKi at al. 2014, raBellO et al. 2015) are gaining 
significance. It is low cost, easy and fast as well as a highly repeatable 
method. A complementary method to MLST typing is spa typing, which is 
increasingly used in typing staphylococcal strains isolated from cows with 
mastitis (liSOWSKa-łySiak et al. 2019). Due to the increasingly common 
methicillin resistance and the associated presence of the mec gene, it has 
become necessary to subtype the variable elements responsible for methi-
cillin resistance called the chromosomal staphylococcal mec cassette 
(SCCmec), however, for the correct classification of the clone MLST and 
spa typing as well as SCC-mec PCR based methods should be performed. 
Many phenotypic and genotypic methods are used simultaneously for the 
proper assessment and typing of staphylococcal strains, including those 
isolated from cows’ mastitis.

The aim of the study was to assess the incidence of bovine mastitis 
caused by S. aureus in Poland, and to evaluate strain diversity based on 
biotyping, according to Umeki and ADSRRS-fingerprinting. 

Materials and Methods

Isolation and Identification of S. aureus Strains

The research material consisted of 9,617 quarters milk samples from 
cows with suspected mastitis among which 1,330 strains of S. aureus were 
isolated, which were subjected to further testing. Isolation and identifica-
tion of strains was carried out in accordance with the recommendations of 
MalinOWSKi and kłoSowSka (2002). The study was performed in the Bac-
teriology Laboratory of the Veterinary Hygiene Institute in Łomża 
(Poland). The material was plated on blood agar medium and Chapman 
medium (BIOMED), and then incubated 24 h at 37°C under aerobic con-
ditions. Gram staining preparations were made from a single colony after 
incubation. After finding Gram-positive spherical bacteria, an additional 
catalase test was performed using 3% hydrogen peroxide (Catalase Test 
Difco). Additional tests were used to identify isolated Gram-positive bacte-
ria: a coagulase test using a classic tube test using freeze-dried plasma 
(Biomed S.A. Kraków), detection of the clumping factor according to 
kęDzia (1997), production of hemolysins on agar medium with the addition 
of 5% defibrinated sheep blood. In order to identify microorganisms more 
accurately, API-Staph (Bio Merieux) biochemical tests were performed. 
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The Ability to Produce β-lactamase

The ability to produce penicillinase by the tested strains of S. aureus 
was determined using BR66A β-lactamase identification sticks (OXOID) – 
Identification Sticks β-Lactamase (Nitrocefin).

Lipase Production

The lipase production capacity was tested on Baird-Parker medium 
(BBL) with the addition of 5% egg yolk. Tested staphylococcal liquid cultu-
res were inoculated on Baird-Parker medium. Plates were incubated for 
48 hours at 37°C. Turbidity around the colony was considered positive. 

Biotyping According to Umeki Method

The biotyping according to Umeki involves classifying strains into one 
of the four biotypes based on the disintegration of three sugars. Biotype I 
decomposes  mannitol, biotype II decomposes mannose, biotype III decom-
poses mannitol and mannose, biotype IV decomposes mannitol, mannose, 
and ribose (Table 1). The decomposition of sugars was made on the liquid 
medium according to Brailey’a and Scott’a (kęDzia 1997). The basic medium 
was heated to boiling, next the medium was filtered through tissue paper, 
brought to pH 7.7–7.8 and in the end, it was sterilized in an autoclave at 
120ºC for 20 minutes. According was made 100 ml 5% sugar solution. 

Table 1
Biotype Staphylococcus aureus strains by uMeKi et al. (1992)

Sugar 
Biotype

I II III IV

Mannitol + - + +

Mannose - + + +

Ribose - - - +

Explanations: + ability to decompose the tested sugar; - no ability to decompose the tested sugar

The basic medium and the sugar solution were mixed, afterwards 10 ml 
Andreadea’s reagent was added, which earlier was sterilized by filtration 
methods. The Andreadea’s reagent is obtained from 0.2% aqueous solution 
of acid fuchsin, it was neutralized with 1 M NaOH at pH 7.2. The obtained 
substrate was diffused into tubes. The single colony of S. aureus was cultu-
red into a medium and it was incubated at 37ºC for 24 h. The discoloration 
from pink to yellow indicated the ability of S. aureus to decompose of sugar.
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Genotyping by ADSRRS – Fingerprinting

From the study population of 225 strains, 45 randomly selected  
S. aureus strains were subjected to genotypic evaluation by ADSRRS – fin-
gerprinting. The method was described in the publication of dzieKieWicz-
-MrugaSieWicz et al. (2008). The original ADSRRS – fingerprinting 
method was developed by MaSny and plucienniczaK (2001) and its appli-
cation to bacterial DNA-fingerprinting was shown by KraWczyK et al. 
(2003, 2007) 

Statistical Analysis

Statistical package SPSS 12.0 was used to perform the statistical analy-
ses and non-parametric compatibility tests Chi2 Pearson and UNINOVA. 

Results

In study 9,617 samples of quarter milk, pathogenic microorganisms 
were found in 6,947 samples, which constituted 72.24%. S. aureus was 
detected in 1,330 milk samples, accounting for 19.14% of all isolated 
microorganisms. All strains tested produced coagulase, clumping factor, 
degraded mannitol and caused beta hemolysis. In this study 225 S. aureus 
strains were biotyped according to Umeki, 115 (51.11%) of S. aureus stra-
ins were classified into biotype III and 91 strains (40.44%) were inclu- 
ded in biotype IV, nine strains (8.45%) belonged to biotype I, while no  
strain was classified as biotype II. The affiliation of the tested S. aureus 
strains to a specific biotype according to Umeki is shown in Table 2.  

Table 2
 Affiliation of Staphylococcus aureus strains isolated from cow’s milk samples to the biotype  

by uMeKi et al. (1992)
Biotypes according to uMeKa (1992)

I II III IV

S. aureus strains
N = 225 19 (8.45%) 0 (0%) 115 (51.11%) 91 (40.44%)

In the next stage of the study, the strain belonging to a particular bio-
type and selected pathogenic features were compared. Biotype I included 
strains with the least pathogenicity features, in this group only 37% of the 
strains produced lipase, 12.5% produced β-lactamase. The biotype III stra-
ins produced 37.04% of lipase, 44% produced β-lactamase, biotype IV 
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staphylococci showed the most pathogenicity, 62.96% of them produced 
lipase, 66.67% had the ability to produce β-lactamase. 

Genotyping examination by the ADSRRS method – fingerprinting sho-
wed that biotype III was the most diverse, it included seven different geno-
types: A, B, C, D, E, F, H, of which 17 (38.6%) belonged to genotype D, five 
to A, two – C, three – E and one for B, I and F. Three different genotypes 
D, E and I belonged to biotype IV, and 12 strains were classified as geno-
type D, and one for E and I. Other genotypes A, B, C, E, F, H belonged 
mainly to biotype III. 17 (58.6%) strains belonging to genotype D were 
mainly classified to biotype IV 17 (58.6%), 12 (41.4%) to biotype III, no 
strain from this group was classified to biotype I (Table 3).

Table 3
 Differentiation of S. aureus strains based on their classification to biotypes and genotypes 

Genotype Number of strains
n = 45

Biotype
I 

n [%]
III

n [%]
IV

n [%]

A 5 0
0

5
100%

0
0

B 1 0
0

1
100%

0
0

C 2 0
0

2
100%

0
0

D 29 0
0

12
41.38%

17
58.62%

E 4 0
0

3
75%

1
25 %

F 1 0
0

1
100%

0
0

G 1 1
100%

0
0

0
0

H 1 0
0

1
100%

0
0

I 1 0
0

0
0

1
100 %

Total 45 1
2.22%

25
56.56%

19
42.22%

As in the case of Umeki biotyping, the majority of genotype D strains 
(41.4%) showed the ability to produce β-lactamase, among the remaining 
genotypes β-lactamase was produced only by 18.8% of the strains.
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Discussion

In Poland and in the world, the occurrence of mastitis caused by  
S. aureus varies and depends on: the region, the breed of cows, environ-
mental conditions and mastitis control programs. At the beginning of the 
90s, infections of S. aureus in the Podlasie region constituted only 5.7% 
(jaKuBczaK et al. 1998), since 1997 S. aureus already constituted 18.7% 
(jaKuBczaK et al. 2001), in later studies in this region, the percentage of 
isolation of  S. aureus averaged 19.14%, of which 28.15% of isolated strains 
in the last year of the study. In subsequent years, the percentage of mam-
mary gland infections with this microorganism in the studied region rema-
ined at a similar level (19.8%) (niedziela et al. 2008). During the analy-
zed period, S. aureus was most often isolated in northern Poland, namely 
34.8–50.7% of samples delivered to the laboratory in Malbork (czupa and 
czupa 2001). In the Bydgoszcz region, MalinOWSKi et al. (2003) classified 
34.5% of the strains as S. aureus, while in subsequent analyzes only 8.6% 
(MalinOWSKi et al. 2006), while in the Lublin region 10.4% (KruKOWSKi  
et al. 2000). Recent studies have shown that the percentage of isolation of 
S. aureus in the country is at a similar level, namely 13% (SMulSKi et al. 
2011) and 12.1% (SztachańSka et al. 2016) in the region of north-eastern 
Poland and 20.8% (BurMańczuk et al. 2016) in the West Pomeranian 
Voivodeship. In the research of Rola et al. (2015) involving small farms, as 
much as 50% of milk samples were infected with S. aureus. It should be 
noted that the latest data related to research carried out at specific farms, 
while the previous data concerned mainly analyzes of the number (percen-
tage) of inflammations occurring during the year generally (SMulSKi et al. 
2011). The author also noted that larger farms had better health status. In 
the world literature, the occurrence of mammary gland infections caused 
by S. aureus is diverse. Currently, following the introduction of mastitis 
eradication plans, the percentage of isolation of S. aureus from the mam-
mary gland of cows is lower. 

Understanding the etiology of mammary gland inflammation in the 
studied region allows establishing a strategy for controlling and preven-
ting mastitis, which is important in the case of S. aureus, which often 
causes subclinical infections. In addition, bacterial differentiation is an 
essential tool to control the spread, carrier of S. aureus strains and in epi-
demiological research. A properly selected typing method allows you to 
show the direction of infection spread and indicate sources of origin of  
a given strain (MięDzyBroDzki et al. 2008). In the past, phenotypic 
methods dominated in strain typing, currently genotypic methods are 
commonly used to differentiate microorganisms. Phenotyping of S. aureus 
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strains and especially biotyping (hajeK and MarSaleK 1971, DevrieSe  
et al. 1984) is mainly a historical method due to high variability, low accu-
racy, poor repeatability of results and low discriminatory power (tenover 
et al. 1994) as well as occurrence of S. aureus strains with atypical bioche-
mical features (MięDzyBroDzki et al. 2008). Despite this, research conti-
nues to use these methods as a complement to genotyping (MylleS et al. 
1997) and more recently Hakimi et al. (2016). The authors compared 
Devriese biotyping methods of S. aureus strains to genotypic methods such 
as RAPD PCR (MylleS et al. 1997), PCR (haKiMi et al. 2016). Both noti-
ced the relationship between given phenotypic traits and the ability to 
spread and transmit strains. In microbiological studies, the occurrence of 
specific phenotypic traits is often used, e.g. biofilm production capacity 
(FOX et al. 2005), toxin production capacity (KOt et al. 2011) or antibiotic 
sensitivity (jagielSKi et al. 2014) compared to studies with application of 
genetic methods. The literature often compares the occurrence of given 
phenotypic traits and genotypic methods. 

In our own research, two little-known typing methods were used: 
Umeki biotyping involving the breakdown of 3 sugars and ADSRRS finger-
printing genotyping. As a result of biotyping according to Umeki, 8.45% of 
the tested strains were included in the biotype I, they showed the least 
pathogenic characteristics, no strain was classified to biotype II, 51.11% 
was included in III and 40.44% of the tested strains in IV. The obtained 
results show similarity to the research of Umeki et al. (1992), in which 
biotype III was also the dominant biotype, strains of this biotype were 
found on all farms. Rarely, strains belonging to biotype II (4.6%) were iso-
lated, and biotype I and IV represented 16.9% of the strains. Other results 
were obtained by SachanOWicz and jaKuBczaK (2004), who most often 
detected strains of biotype IV – 55.8%, III – 20.3%, II – 1.3% and 
I – 17%, respectively. In addition, uMeKi et al. (1993) studied the relation-
ship between belonging to a given biotype and the occurrence of selected 
pathogenicity features. They noticed that the ability to produce coagulase, 
lipase and fibrinolysin in staphylococci increased with belonging to a higher 
biotype, reaching the highest values among strains belonging to biotype IV. 
This thesis is confirmed by our own research, which showed that as much 
as 62.96 % of S. aureus strains of this biotype produced lipase, 66.67 % had 
the ability to produce beta-lactamase. Among strains belonging to biotype I, 
only one strain (12.5%) produced β-lactamase by analogy, 37% produced 
lipase, slime, and biofilm also only 1 strain, which accounted for 12.5%. The 
results obtained coincide with those of SachanOWicz et al. (2003) and 
uMeKi et al. (1992) which confirm the thesis on the relationship between 
the virulence of the S. aureus strain and belonging to a specific biotype.
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In own research, strains belonging to individual biotypes were subjec-
ted to ADSRRS fingerprinting genotyping. This technique was developed 
by Polish scientists MaSny and Płócienniczak (2001), modified by KraW-
czyK et al. (2003). The ADSRRS fingerprinting was used in human medi-
cine to differentiate clinical strains of E. coli, Klebsiella oxytoca, Klebsiella 
pneumoniae (MaSny and Płócienniczak 2001, KraWczyK et al. 2005), 
Serratia marcescens, Enterococcus faecium (KraWczyK et al. 2003) as well 
as S. aureus isolated from skin furuncles (KraWczyK et al. 2007). The 
method has also been used in veterinary medicine to differentiate Coryne-
bacterium pseudotuberculosis strains isolated from goats (SteFańSka et 
al. 2007). Whereas nOWaKieWicz et al. (2017) used this method for typing 
Enterococcus strains isolated from pigs and in the assessment of Staphylo-
cocci isolated from wild animals (2016). This method was first used for 
typing S. aureus strains isolated from milk of cows with mastitis by dzie-
KieWicz-MrugaSieWicz et al. (2008), where studies have shown the occu-
rrence of nine different genotypes marked from A to G. The dominant was 
the D genotype, which was characterized by high pathogenicity and spre-
ading ability, namely in the first year of the study the D genotype isolates 
constituted 14.29%, and in the second year of the study 73.64% of all isola-
tes. Moreover S. aureus strains belonging to D genotype had higher ability 
to adhere to the mammary epithelial cells and slime and biofilm produc-
tion. The next study compared the belonging of S. aureus strains of indivi-
dual genotypes to biotypes according to Umeki. The results showed that 
all genotype D strains belonged to pathogenic biotypes III and IV, most of 
which belonged to biotype IV. This is confirmed by the relationship between 
phenotypic and genotypic traits, which affects the ability of the strains to 
spread. 

Own and other authors’ research showed the usefulness of the ADSRRS 
fingerprinting method in strain typing and epidemiological analyzes. 
nOWaKieWicz (2016) additionally showed a strong correlation between 
genotype and phenotype profile together with antibiotic resistance. In con-
trast, SteFańSka (2007) showed that ADSRRS fingerprinting has a higher 
discriminatory power, better repeatability than RAPD-PCR and Box PCR 
methods. KraWczyK et al. (2007) showed that ADSRRS fingerprinting has 
similar discriminatory power as PFGF considered as the gold standard in 
genetic testing. Currently, molecular based methods such as MLST or spa 
typing predominate in molecular research, they are more accurate and 
have a high discriminatory power, unfortunately there are no studies com-
paring both techniques. 
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Conclusion

Mastitis caused by S. aureus is the most common problem in dairy 
farming in Poland and in other countries. Umeki biotyping and ADSRRS-
-fingerprinting genotyping can be useful method to typing S. aureus stra-
ins. In addition, the ADSRRS-fingerprinting can be used in the study of 
etiological factors. The advantage of both methods is the ease of implemen-
tation, low costs, and no need to have specialized equipment. 
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