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Abstract

The aim of the present work was to examine a dairy herd with an anamnesis of recurrent clinical
mastitis and decreased milk production. A total of 239 individual cow milk samples originating from
asymptomatic cows were collected at four-month intervals and examined mainly for the presence of
Staphylococcus aureus and mastitis streptococci using standard cultivation methods. In total, 29.7%
and 9.2% samples were positive for S. aureus and mastitis streptococci, respectively. Unlike for
mastitis streptococci, the prevalence of animals positive for S. aureus had an increasing trend (p<0.05;
Chi-squared test for trend) with rising parity. Despite in vitro susceptibility of S. aureus to potentiated
penicillins and cephalosporins, the persistence of S. aureus was observed in cows undergoing intra-
mammary treatment with amoxicillin/clavulanic acid (a potentiated penicillin antibiotic). All isolates
of S. aureus were biofilm-positive and had the same macrorestriction pattern. Furthermore, no de-
pendence was observed between the occurrence of S. aureus in milk and previous cases of clinical
mastitis, reproductive and periparturient disorders and administration of antibiotics. In contrast to S.
aureus, the occurrence of mastitis streptococci in milk was linked with previous cases of clinical
mastitis and intramammary administration of antibiotics.
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Introduction

Despite considerable research efforts towards the
development of effective prevention and treatment stra-
tegies, mastitis continues to be a significant issue in bov-
ine veterinary medicine (Awale et al. 2012). Moreover,
bacterial agents that are involved in bovine mastitis may
represent a health risk for the human population via the
food chain (Kadariya et al. 2014).

Among mastitis pathogens, Staphylococcus aureus
and so-called mastitis streptococci (Streptococcus uberis,
S. dysgalactiae and S. agalactiae) are considered as the
significant causal agents (Awale et al. 2012). Clinical
cases in lactating cows should be treated with an appro-
priate intramammary antibiotic. Nevertheless, frequent
use of antibiotics can lead to the development of resis-
tant bacterial populations and persistent mastitis infec-
tion in the herd (Osteras et al. 1999). Cows with sub-
clinical mastitis do not show any clinical signs of infec-
tion but can be diagnosed by somatic cell count (SCC)
and by detection of the presence of pathogenic microor-
ganisms (Ferreira et al. 2012). Subclinical mastitis is 15
to 40 times more prevalent than the clinical form of
mastitis and therefore it is considered to be of greater
significance than the clinical form (Seegers et al. 2003).

The aim of the present work was to examine a dairy
herd with an anamnesis of recurrent clinical mastitis and
decreased milk production. The prevalence of S. aureus
and mastitis streptococci in milk from subclinical cows
was studied with respect to parameters such as parity,
somatic cell count in milk, total bacterial count (TBC) in
milk, health status of the herd (different reproductive
and periparturient disorders (RPD; ovarian dysfunc-
tions, metritis, retained placenta and milk fever), occur-
rence of clinical mastitis and administration of anti-
biotics. The study was an attempt to answer the question
of whether the persistence of S. aureus and mastitis
streptococci was due to treatment failure or due to rein-
fection with different strains of S. aureus. Therefore S.
aureus and staphylococci isolates were further character-
ized with respect to their antimicrobial resistance pro-
file. S. aureus isolates were also analyzed for their clonal-
ity and ability to form biofilm. In addition, the preva-
lence of other potential pathogens (coagulase-negative
staphylococci (CNS), other streptococci, Enterococcus
faecalis/faecium (EFS) and other enterococci) was
examined.

Materials and Methods

Herd description

The study was conducted in a closed breeding herd
of Fleckvieh cattle with an anamnesis of recurrent clini-

cal mastitis treated intramammarily with amoxicillin/
clavulanic acid. An average number of dairy cows was
about 400 animals over a period of one year. The ani-
mals were housed in a loose housing barn, cubicle sys-
tem and manure corridors with grade, and milked twice
daily using an auto-tandem milking parlor. The average
milk yield ranged from 6000 to 8000 kg per year.

Sampling and microbial examination

A total of 239 individual cow milk samples were
collected during the period of one year at four-month
intervals (approximately 60 samples per collection).
Only cows showing no clinical signs of mastitis were
sampled. Whenever possible, the same cows were sam-
pled at each sample collection. From a total of 91 sam-
pled cows, 13 cows were sampled four times, 40 cows
three times, 29 cows twice and 9 cows were sampled
once.

Sampling of milk and subsequent processing of the
samples were done according to the EN ISO 6887-5
standard. S. aureus and coagulase-negative staphylococci
were detected and identified according to EN ISO
6888-1 standard. Streptococci (S. uberis, S. dysgalactiae
and S. agalactiae) and enterococci were cultivated on
Edwards Medium Modified agar (Oxoid, Basingstoke,
UK) and identified as described previously (Cervinkova
et al. 2013). Isolates of S. aureus were additionally con-
firmed using PCR (Martineau et al. 1998).

Determination of SCC and TBC in milk

Determination of SCC using the fluoro-opto-elec-
tronic method was carried out on the Somacount 500
(Bentley Instruments, USA) according to the EN ISO
13366-2:2007 standard. Somatic cell count numbers
above 150 000 (Kvapilik 2015) were used as the thresh-
old for likely subclinical infection of individual cow. De-
termination of TBC by automated enumeration of bac-
terial cells was carried out on the BactoCount IBC (Be-
ntley Instruments, USA) according to CSN 57
0539:1999.

Antimicrobial susceptibility, biofilm formation
and molecular typing of isolates

Minimum inhibitory concentrations of tested anti-
biotics (ampicillin, ampicillin/sulbactam, cloxacillin, gen-
tamicin, cotrimoxazol, tetracycline, clindamycin,
neomycin, tylosin, cephalothin, cefotaxime and nor-
floxacin; Sigma, St. Louis, MO, USA) were determined
for all the isolates of S. aureus and mastitis streptococci
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using the broth microdilution method according to the
standard of the Clinical and Laboratory Standards Insti-
tute (CLSI document VET01-A4, 2013). For the inter-
pretation of antimicrobial susceptibility, CLSI guidelines
VET01-S2 (2013) and M100-S20 (2010) were preferen-
tially used. When interpretation criteria were not avail-
able in the CLSI guidelines, the recommendations of the
Antibiogram Committee of the French Society for
Microbiology were used (CA-SFM, 2014). S. aureus iso-
lates were further screened for methicillin resistance by
testing their susceptibility to a cefoxitin 30 μg disc
(Oxoid, Basingstoke, UK), in accord with a CLSI docu-
ment VET01-S2 (2013). S. aureus isolates were tested
for the production of β-lactamases according to CLSI
guidelines VET01-S2 (2013), using a nitrocefin-based
test (ERBA-LACHEMA, Czech Republic). When ap-
propriate, S. aureus ATCC 25923, ATCC 43300 and
ATCC 29213 served as reference strains for quality con-
trol purposes.

The ability to form biofilm was tested in S. aureus
isolates using polystyrene microtitration plates
(Stepanovic et al. 2007). Using PCR, the isolates were
also examined for the presence of biofilm genes (icaAB
and bap) as described previously (Cervinkova et al.
2013). To confirm the persistence and clonality of S.
aureus in the herd during the one year period, the iso-
lates were subjected to pulsed field gel electrophoresis
(PFGE) analysis as previously described (Jaglic et al.
2010).

Statistical analysis

Statistical analysis was performed using the statisti-
cal software GraphPad Prism, version 5.04 (GraphPad
Software, Inc., San Diego, CA, USA). P-values lower
than 0.05 were considered statistically significant. Preva-
lence of mastitis pathogens was evaluated using Fisher’s
exact test. In cases of a significantly different prevalence,
odds ratio (OR) was calculated. The Chi-squared test
for trend was used to assess the effect of parity and
repeated sampling on the prevalence of the pathogens.

Results

Occurrence of Staphylococcus aureus
and other pathogens

Out of 239 milk samples, 71 (29.7%) and 22 (9.2%)
samples were positive for S. aureus and mastitis strepto-
cocci, respectively. The prevalence of S. aureus varied
from 23.3 to 39.0% and for mastitis streptococci from
1.7% to 15.0% during four sample collections within the
study. In addition to primary mastitis pathogens, CNS,

other streptococci, EFS and other enterococci were de-
tected in 123 (51.5%), 42 (17.6%), 34 (14.2%) and 38
(15.9%) samples, respectively.

The prevalence of S. aureus and mastitis strepto-
cocci with respect to the total number of samplings of
individual animals is summarized in Table 1. Unlike for
mastitis streptococci, the probability of a positive finding
for S. aureus increased with the increasing number of
samplings (p<0.05; Chi-squared test for trend). Analysis
of the prevalence of S. aureus and mastitis streptococci
in milk with respect to parity revealed that cows that
were in a higher parity were more frequently positive for
S. aureus (p<0.01; Chi-squared test for trend; Table 2).
This implies that the risk of S. aureus mastitis may in-
crease with increasing parity number. However, this
phenomenon was not statistically significant with masti-
tis streptococci (p>0.05; Chi-squared test for trend;
Table 2).

The relationship between the prevalence of
Staphylococcus aureus and mastitis streptococci in milk,
and occurrence of clinical mastitis, reproductive and
periparturient disorders and administration of anti-
biotics is described in Table 4. According to these re-
sults, there was only seen statistical significance for clini-
cal mastitis and intramammary administration of anti-
biotics and mastitis streptococci (p<0.05; Fisher’s exact
test).

The relationship between the prevalence of studied
pathogens and SCC or TBC values of milk is described
in Table 3. Statistically significant increase in prevalence
of S. aureus and mastitis streptococci was associated
with the higher SCC numbers (>150 000; p<0.05 at least;
Fisher’s exact test; Table 3). This relationship was not
confirmed for other potential mastitis pathogens (Table
3). Statistically significant increase in prevalence of S.
aureus, mastitis streptococci, other streptococci and EFS
was also correlated with higher TBC numbers (>100
000; p<0.05; Fisher’s exact test; Table 3), except other
enterococci (p>0.05; Fisher’s exact test; Table 3).

Antimicrobial susceptibility

All 71 isolates of S. aureus were resistant to ampicil-
lin and produced β-lactamases. Neither methicillin-resis-
tance nor resistance to other antimicrobials was ob-
served in S. aureus isolates. Among mastitis streptococci,
resistance to ampicillin and ampicillin/sulbactam was de-
tected in all isolates whereas resistance to tetracycline
was found in 14 (63.6%) isolates. Resistance to other
antimicrobials was observed less frequently: four isolates
were resistant to norfloxacin, two to clindamycin and
one isolate was resistant to either cotrimoxazol or
tylosin.
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Table 1. Prevalence of cows positive for Staphylococcus aureus and mastitis streptococci with respect to the total number of samplings
of individual animals.

Staphylococcus aureus (n = 71) Mastitis streptococci (n = 22)*

positive cows positive cows

three total three four total
times

four
times (%) times times (%)once twice once twice

Total number
of samplings**

Four times (n = 13) 4 1 1 2 8 (61.5) 3 2 0 0 5 (38.5)

Three times (n = 40) 11 5 5 NA 21 (52.5) 9 0 0 NA 9 (22.5)

Twice (n = 29) 7 5 NA NA 12 (41.4) 1 1 NA NA 2 (6.9)

Once (n = 9) 1 NA NA NA (11.1) 3 NA NA NA 3 (33.3)

* Streptococcus uberis (n = 13), Streptococcus dysgalactiae (n = 8) and Streptococcus agalactiae (n = 1); NA = not applicable;
** number of cows are indicated in parenthesis; n – number of samples

Table 2. Prevalence of samples positive for Staphylococcus aureus and mastitis streptococci with respect to the number of parity.

Staphylococcus aureus Mastitis streptococci

n % n %
Parity Number of samples

1-2 69 15 21.7 4 5.8

3-4 87 20 23.0 7 8.0

≥5 60 29 48.3 8 13.3

Total 216 64 29.6 19 8.8

n – number of samples

Table 3. Prevalence of mastitis pathogens in milk samples with indicated values of somatic cell count and total bacterial count.

Staphylococcus Mastitis Other Enterococcus Other
aureus streptococci streptococci faecalis/faecium enterococciCNS

n % n % n % n % n % n %

Indicated
values

No of
samples

SCC ≤ 150 000 90 17 18.9 4 4.4 19 21.1 49 54.4 8 8.9 16 17.8
SCC > 150 000 86 35 40.7 14 16.3 9 10.5 43 50.0 11 12.8 7 8.1

p<0.01 OR=2.9 p<0.05 OR=4.2 n.s. n.s. n.s. n.s.

TBC ≤ 100 000 109 20 18.3 6 5.5 13 11.9 71 65.1 7 6.4 13 11.9
TBC > 100 000 70 33 47.1 12 17.1 17 24.3 21 30.0 12 17.1 11 15.7

p<0.01 OR=4.0 p<0.05 OR=3.6 p<0.05 OR=2.4 p<0.01 OR=0.2 p<0.05 OR=3.0 n.s.

No – number, CNS – coagulase negative staphylococci; p – significance; OR – odds ratio; n.s. – non significant;
SCC – somatic cell count; TBC – total bacterial count

Table 4. Relationship between the prevalence of Staphylococcus aureus and mastitis streptococci in milk, occurrence of clinical mastitis
(CM), reproductive and periparturient disorders and administration of antibiotics.

ATB*

total intramammaryCM RPD

Staphylococcus aureus
positive samples (n = 71) 5 (7.0%) 7 (9.9%) 15 (21.1%) 8 (11.3%)
negative samples (n = 168) 12 (7.1%) 17 (10.1%) 26 (15.5%) 20 (11.9%)
significance n.s. n.s. n.s. n.s.
odds ratio – – – –

Mastitis streptococci**
positive samples (n = 22) 5 (22.7%) 3 (13.6%) 7 (31.8%) 6 (27.3%)
negative samples (n = 217) 12 (5.5%) 21 (9.7%) 34 (15.7%) 22 (10.1%)
significance p<0.05 n.s. n.s. p<0.05
odds ratio 5.0 – – 3.3

CM – clinical mastitis; RPD – reproductive and periparturient disorders; ATB – administration of antibiotics
* amoxicillin/clavulanic acid, cephapirin, neomycin/oxytetracycline and cephalexin were used for treatment of clinical mastitis, metritis,
retained placenta and dry-off, respectively; **Streptococcus uberis, Streptococcus dysgalactiae and Streptococcus agalactiae; n.s. non
significant
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Biofilm formation and PFGE

All isolates of S. aureus were capable of biofilm
formation and were positive for the ica operon (i.e.,
the icaAB genes). None of the isolates was positive
for the bap gene. All S. aureus isolates had the same
PFGE profile.

Discussion

The aim of this study was to describe the epi-
demiology of S. aureus and mastitis streptococci in
a dairy cattle herd with anamnesis of recurrent clini-
cal mastitis and decreased milk production. We have
found that identification of cows subclinically infec-
ted with S. aureus was more reliable when the ani-
mals were sampled more than once (Table 1). Thus,
in the screening of dairy herds for S. aureus it is
important that cows are systematically monitored for
this pathogen. The repeated finding of S. aureus in
the same cows also indicates that infections of the
udder with this pathogen may be persistent.

One of the factors promoting the occurrence of
persistent infections is the ability of pathogens to
form biofilms and to thereby increase their tolerance
to antimicrobial agents (Melchior et al. 2006). In the
present study, despite in vitro susceptibility of S.
aureus to potentiated penicillins (ampicillin/sulbac-
tam) and cephalosporins, no decrease in the occur-
rence of S. aureus was observed in cows undergoing
intramammary treatment with amoxicillin/clavulanic
acid (a potentiated penicillin antibiotic). This could
be explained by the fact that all S. aureus isolates
were capable of biofilm formation and were positive
for the ica operon (i.e., the icaAB genes). Such intra-
mammary persistence of S. aureus due to biofilm for-
mation could also be potentiated by the fact that all
the isolates were resistant to ampicillin and produced
β-lactamases, which may increase their tolerance to
the antibiotics that were administrated via the intra-
mammary route (i.e., to amoxicillin/clavulanic acid
and cephalosporins).

In our previous work, we observed that a high
prevalence of S. aureus was typical only for a few
dairy farms and we suggested that certain genetic
subpopulations of S. aureus may be present (Cervin-
kova et. 2013). In contrast, in the present study, all
isolates of S. aureus belonged to the same PFGE
type. This strongly suggests that clonal spread of this
pathogen may occur within a single herd. Although
the clonal spread of S. aureus mastitis strains has also
been observed by other authors (Castelani et al.
2013), an exclusive persistence and spread of only
one clone within a single herd is, to our knowledge,

a novel finding. Because S. aureus is regarded as
a typical contagious pathogen, this finding further
underlines the necessity of implementing proper
milking hygiene in order to restrict its spread among
individual animals (only a pre-milking teat dip with-
out washing of soiled udder and proper hand hygiene
of milkers was implemented during the milking).

There are several contradictory reports on the
occurrence of S. aureus and mastitis streptococci in
milk with regard to the parity. In our study, cows that
were in a higher parity were shown to be more fre-
quently positive for S. aureus (p<0.01; Chi-squared
test for trend; Table 2). This implies that the risk of
S. aureus mastitis may increase with the increasing
number of parity. However, this phenomenon was
not observed with regard to mastitis streptococci
(p>0.05, Chi-squared test for trend; Table 2). A high-
er prevalence of S. aureus and mastitis streptococci
in cows of higher parity was described in several stu-
dies (Tenhagen et al. 2006, Ramirez et al. 2014). On
the other hand, no association between the parity
and occurrence of S. aureus and streptococci in milk
was observed by Goli et al. (2012). Osteras et al.
(2006) described the influence of the parity on the
prevalence of S. dysgalactiae but not S. aureus. With
these reports in mind, it can be concluded that the
parity may represent a risk factor for mastitis, but its
role in the occurrence of the disease should be inter-
preted on a herd-level basis.

It is well known that SCC is a useful predictor of
IMI (Sharma et al. 2011). In our study, statistically
significant increase in prevalence of S. aureus and
mastitis streptococci was associated with the higher
SCC numbers (>150 000; p<0.05 at least; Fisher’s
exact test; Table 3). But this relationship was not
confirmed for other potential mastitis pathogens
(Table 3). According to some authors (Ferreira et al.
2012), occurrence of S. aureus and mastitis strepto-
cocci in milk may contribute to total bacterial counts
in raw milk. This was also confirmed in this study,
when statistically significant increase in prevalence
of S. aureus, mastitis streptococci, other streptococci
and EFS was correlated with higher TBC numbers
(>100 000; p<0.05; Fisher’s exact test; Table 3), ex-
cept other enterococci (p>0.05 Fisher’s exact test;
Table 3).

Zadoks et al. (2001) found that previous cases of
clinical mastitis caused by S. aureus and S. uberis led
to higher rates of subsequent IMI with these patho-
gens. In the present study, we observed that the oc-
currence of mastitis streptococci (mainly S. uberis) in
milk was linked with previous cases of clinical masti-
tis (p<0.05; Fisher’s exact test; OR=5.0) but this
dependence was not confirmed for S. aureus
(Table 4).
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Some authors also described a certain level of
correlation between mastitis and RPD, i.e. ovarian
dysfunctions, metritis, retained placenta and milk fe-
ver (Heringstad et al. 2005, Nguyen et al. 2011, Rah-
man et al. 2012). Suriyasathaporn et al. (2000) re-
ported that retained placenta and milk fever increase
the risk for clinical mastitis caused by different patho-
gens including S. aureus and mastitis streptococci.
However, no association between RPD and the occur-
rence of main mastitis pathogens in milk was observed
in the present study (Table 4).

The influence of the administration of antibiotics
via either the systemic or intramammary route on the
occurrence of IMI was studied by several authors.
While some authors reported a very low or nonexist-
ent effect of intramuscular antibiotic administration
on the prevalence of staphylococci and streptococci in
milk (Shpigel et al. 2006, Contreras et al. 2013), other
authors observed a decrease in the occurrence of
these pathogens in milk after treatment with anti-
biotics by the same route (Sandgren et al. 2008, Ataee
et al. 2009). In the present study, however, no depend-
ence between antibiotic administration and occur-
rence of the monitored pathogens in milk was ob-
served with one exception. A positive relationship
(p<0.05; Fisher’s exact test) was observed between in-
tramammary administration of antibiotics and occur-
rence of mastitis streptococci in milk. This may be
explained by the fact that all cases of clinical mastitis
were treated intramammarily with amoxicillin/
clavulanic acid (a potentiated penicillin antibiotic)
and all isolates of mastitis streptococci were resistant
to ampicillin/sulbactam (an equivalent to amoxicil-
lin/clavulanic acid). This was also in accordance with
the abovementioned positive relationship between
previous cases of clinical mastitis and the occurrence
of mastitis streptococci in milk. It has been reported
that intramammary application of penicillin may lead
to positive selection for penicillin-resistant strains in
the udder (Osteras et al. 1999).

In conclusion, although the occurrence of recur-
rent clinical mastitis is likely to be related to resistant
mastitis streptococci rather than to S. aureus, the lat-
ter pathogen, due to its high prevalence, seems to be
the major cause of subclinical mastitis in this case (as
demonstrated via increased SCC values of milk).
A positive relationship between TBC and S. aureus in
milk as well as the clonal spread of this pathogen
within the herd is indicative of an inappropriate level
of hygiene during the milking process. Due to its abil-
ity to form biofilm, S. aureus can persist in the udder
for a long time, with increasing risk for new infections
with rising parity.
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