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Udder pathogens and their resistance to
antimicrobial agents in dairy cows in Estonia
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Abstract

Background: The goal of this study was to estimate the distribution of udder pathogens and their antibiotic
resistance in Estonia during the years 2007-2009.

Methods: The bacteriological findings reported in this study originate from quarter milk samples collected from
cows on Estonian dairy farms that had clinical or subclinical mastitis. The samples were submitted by local
veterinarians to the Estonian Veterinary and Food Laboratory during 2007-2009. Milk samples were examined by
conventional bacteriology. In vitro antimicrobial susceptibility testing was performed with the disc diffusion test.
Logistic regression with a random herd effect to control for clustering was used for statistical analysis.

Results: During the study period, 3058 clinical mastitis samples from 190 farms and 5146 subclinical mastitis
samples from 274 farms were investigated. Positive results were found in 57% of the samples (4680 out of 8204),
and the proportion did not differ according to year (p > 0.05). The proportion of bacteriologically negative samples
was 22.3% and that of mixed growth was 20.6%. Streptococcus uberis (Str. uberis) was the bacterium isolated most
frequently (18.4%) from cases of clinical mastitis, followed by Escherichia coli (E. coli) (15.9%) and Streptococcus
agalactiae (Str. agalactiae) (11.9%). The bacteria that caused subclinical mastitis were mainly Staphylococcus aureus
(S. aureus) (20%) and coagulase-negative staphylococci (CNS) (15.4%). The probability of isolating S. aureus from
milk samples was significantly higher on farms that had fewer than 30 cows, when compared with farms that had
more than 100 cows (p < 0.005). A significantly higher risk of Str. agalactiae infection was found on farms with
more than 600 cows (p = 0.034) compared with smaller farms. The proportion of S. aureus and CNS isolates that
were resistant to penicillin was 61.4% and 38.5%, respectively. Among the E. coli isolates, ampicillin, streptomycin
and tetracycline resistance were observed in 24.3%, 15.6% and 13.5%, respectively.

Conclusions: This study showed that the main pathogens associated with clinical mastitis were Str. uberis and
E. coli. Subclinical mastitis was caused mainly by S. aureus and CNS. The number of S. aureus and Str. agalactiae
isolates depended on herd size. Antimicrobial resistance was highly prevalent, especially penicillin resistance in
S. aureus and CNS.

Background
Bovine mastitis is the most common disease in dairy cows
worldwide, and antimicrobial therapy is the primary tool
for the treatment of mastitis. The prevalence of mastitis
pathogens and their antimicrobial resistance have been
investigated in numerous studies around the world. The
main pathogens that cause subclinical mastitis are coagu-
lase-negative staphylococci (CNS), Corynebacterium bovis

(C. bovis) and Staphylococcus aureus (S. aureus) [1-5].
Coliforms, Streptococcus uberis (Str. uberis) and S. aureus
are the pathogens isolated most frequently from clinical
mastitis samples [6-8]. Streptococcus agalactiae (Str. aga-
lactiae) has been largely eradicated from herds in Europe
[3], but in studies from the United States, 7.7% and 13.1%
of samples contained Str. agalactiae [9,10].
Several methods, such as disc diffusion, agar dilution,

broth dilution and broth microdilution are suitable for
in vitro antimicrobial susceptibility testing. Depending
on the study design and the methodology used, the anti-
microbial susceptibility of udder pathogens varies greatly
between studies. For example, studies from France and
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the UK have reported a high prevalence of penicillin-
resistant S. aureus (36.2%, 56%) [11,12], whereas a low
percentage of resistant isolates (4-9%) were found in the
Netherlands and Norway [13,14]. The streptococci that
cause mastitis are susceptible to b-lactam antibiotics;
however, resistance to macrolides and lincosamides is
notable [13,15]. In vitro resistance of E. coli to different
antimicrobials has been reported to be low [13,14,16,17].
National studies of mastitis prevalence provide impor-

tant information through the monitoring of national
udder health status, and they enable national guidelines
to be developed for the prudent use of antibiotics in
each country [18]. During recent decades, only broad-
spectrum antibiotics have been used for the treatment
of clinical mastitis in Estonia. For example, in the years
2006-2009, 15 different combinations of antibiotics were
available for use in 18 intramammary preparations that
were authorised by the Estonian State Medical Agency
[19]. Given that a large overview of udder pathogens
and their antibiotic resistance has not been performed
in Estonia, the goal of this study was to estimate the dis-
tribution of udder pathogens and their antibiotic resis-
tance during the years 2007-2009 in Estonia.

Methods
Sample collection
Milk samples were submitted to the Estonian Veterinary
and Food Laboratory during the period 2007-2009. Quar-
ter milk samples were collected from cows on Estonian
dairy farms by local veterinarians or farmers. Clinical mas-
titis was diagnosed when visible abnormalities of udder
(swelling) were detected or milk from a quarter had
abnormal viscosity (watery, thicker than normal), colour
(yellow, blood-tinged) or consistency (flakes or clots) [20].
Normal milk appearance, together with a positive Califor-
nia Mastitis Test result (score greater than 1), was used to
make a diagnosis of subclinical mastitis.
The samples were sent to the laboratory either for iso-

lation of the clinical mastitis pathogen and determina-
tion of its antimicrobial susceptibility or to determine
the reason for an increased somatic cell count.

Laboratory analysis
Bacterial species were identified using accredited metho-
dology based on the National Mastitis Council [21] stan-
dards. From each sample, 0.01 ml of milk was cultured
on blood-esculin agar and incubated for 48 h at 37°C.
The plates were examined after 24 and 48 h of incuba-
tion. A minimum of five colonies of the same type of
bacterium was recorded as bacteriologically positive, and
growth of more than two types of bacterial colonies was
categorised as mixed growth. No bacterial growth was
recorded when fewer than five colony-forming units
were detected during 48 h of incubation.

Once they had been isolated and identified, pure cul-
tures of udder pathogens were tested for antibacterial
susceptibility with the disc diffusion assay on Mueller-
Hinton agar. Testing was performed according to the
recommendation of the Clinical and Laboratory Stan-
dards Institute (CLSI) document M31-A2 in the years
2007-2008 and M31-A3 in 2009 [22,23]. Quality control
strains, S. aureus ATCC® 25923, E. coli ATCC® 25922,
Pseudomonas aeruginosa ATCC® 27853 and Streptococ-
cus pneumoniae ATCC® 49619, were included with
each batch of isolates tested. The antimicrobial suscept-
ibility of Gram-positive bacteria was tested with penicil-
lin, ampicillin, cephalothin, clindamycin, erythromycin,
gentamycin, trimethoprim/sulfa and tetracycline. The
antimicrobial susceptibility of Gram-negative bacteria
was tested with ampicillin, gentamycin, trimethoprim/
sulfa, tetracycline, enrofloxacin, streptomycin, neomycin
and cefaperazone. The list of antibiotics in susceptibility
testing may vary, different veteriarians preferred differ-
ent set of antibiotics in order to find accurate treatment
after getting the laboratory test results.
The criteria for the interpretation of zone diameter

used in this study are described in Table 1.

Data analysis
The farm, herd size and year were recorded and cate-
gorised before statistical analysis. A logistic regression
model with a random herd effect for the control of clus-
tering was used for all of the analyses in this study.
Odds ratios (OR) with 95% confidence intervals (95%
CI) were calculated. Statistical significance was set at
p ≤ 0.005.
The influence of milk samples with mixed growth or

no bacterial growth on the occurrence of clinical or sub-
clinical mastitis was assessed. Potential interactions (no
growth or mixed growth × year) were assessed in the
logistic regression model. The effects of herd size and
year on the pathogens that caused clinical and subclini-
cal mastitis were analysed. These analyses were con-
ducted using Stata 10.2 [24].

Results
Isolation of mastitis pathogens
During the study period, 3058 clinical mastitis samples
from 190 farms and 5146 subclinical mastitis samples
from 274 farms were investigated (Table 2).
Positive results were found in 57% of the samples

(4680 out of 8204), and this proportion did not differ
according to year (p > 0.05). The proportion of bacterio-
logically negative samples was 22.3% and that of mixed
growth 20.6%. There was a significantly higher chance
(OR = 1.15, 95% CI = 1.01, 1.33, p = 0.042) of finding
bacteriologically negative samples in presence of subcli-
nical mastitis (n = 1317, 25.6%) in comparison with
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clinical mastitis (n = 554, 16.8%). The probability of
obtaining mixed growth from milk samples was also sig-
nificantly higher (OR = 2.2, 95% CI = 1.9, 2.6, p <
0.001) if subclinical mastitis was found. The distribution
of bacterial species isolated from samples from cows
with clinical and subclinical mastitis is shown in
Table 3. Among the bacteriologically positive (n = 2016)
clinical mastitis samples, Str. uberis was the bacterium
isolated most frequently (n = 371; 18.4% of the positive
samples), followed by E. coli (n = 321; 15.9%) and Str.
agalactiae (n = 293; 11.9%). S. aureus (n = 532; 20%)
and CNS (n = 411; 15.4%) were the bacteria isolated
most commonly from milk in cases of subclinical masti-
tis, followed by Corynebacterium spp. (n = 395; 14.8%).
The probability of isolating S. aureus from milk sam-

ples was significantly higher on farms that had fewer
than 30 cows, when compared with farms with more
than 100 cows (OR = 0.2, 95% CI = 0.11, 0.53, p <
0.005). Also, there was a significantly higher risk of diag-
nosing Str. agalactiae on farms with more than 600
cows (OR = 17.6, 95% CI = 1.2, 259.1, p = 0.034) com-
pared with smaller farms.

Antimicrobial susceptibility testing
The percentage of S. aureus isolates resistant to penicil-
lin and ampicillin was 61.4% and 59.5%, respectively. In
addition, CNS showed resistance to penicillin and ampi-
cillin (38.5% and 34.4%), but resistance to erythromycin
and lincomycin was also common (14.9% and 17.6%).
Six isolates (3.8%) of S. aureus and three isolates (3.6%)
of CNS were resistant to cephalothin (Table 4).
All streptococci (Table 5) were susceptible to penicil-

lin, ampicillin and cephalothin, except for one isolate
of Str. uberis. Of the 90 isolates of Str. dysgalactiae,
19.8% were classified with intermediate susceptibility
and 32.2% with resistance to tetracycline. Of a total of
151 isolates of Str. uberis, 7.3% with intermediate sus-
ceptibility and 14.3% with resistance to tetracycline
were recorded. Among the E. coli isolates (Table 6),
the highest percentage of isolates showing intermediate
susceptibility and resistance were observed with ampi-
cillin, neomycin, streptomycin and tetracycline. E. coli.
was 98.4% susceptible to enrofloxacin and 100% to
cefaperazone.

Discussion
The results of the present study were based on an analy-
sis of milk samples submitted to an Estonian National
Veterinary Laboratory over a three-year period. The
laboratory protocols did not change during the study
period. Of the samples investigated, 22.3% were bacter-
iologically negative. Several other studies have also
demonstrated bacteriologically negative findings in
17.7-26.5% cases of clinical mastitis [12,25] and as many
as 28.7-38.6% of subclinical mastitis [12,26], which is in
line with our results. The possible reasons for bacterio-
logically negative findings in milk samples could be the
presence of antibacterial substances in the milk that
lead to a decrease in the viability of bacteria in the cul-
ture [27], or failures in conventional culture compared
with identification of bacteria using the real-time poly-
merase chain reaction [28].

Table 1 Zone diameter intepretive criteria

Disc content in μg Staphylococcus spp. Streptococcus spp. Enterococcus spp. Enterobacteriaceae spp.

S I R S I R S I R S I R

Ampicillin 10 μg ≥ 29 - ≤28 ≥ 26 19-25 ≤18 ≥ 17 - ≤16 ≥ 17 15-16 ≤14

Penicillin 10 μg ≥ 29 - ≥ 29 ≥24 - - ≥15 - ≤14 - - -

Cephalothin 30 μg ≥ ≤ - - -

Cefaperazone 75 μg - - - - - - - - - ≥21 16-20 ≤15

Clindamycin 2 μg ≥ 21 15-20 ≥ 14 ≥19 16-18 ≤15 - - - - - -

Erythromycin 15 μg ≥ 23 14-22 ≥ 14 ≥21 16-20 ≤15 - - - - - -

Gentamycin 10 μg ≥ 12 13-14 ≥ 15 ≥12 13-14 15≤ ≥10 7-9 ≤6 ≥ 12 13-14 ≥ 15

Tetracycline 30 μg ≥ 19 15-18 ≥ 14 ≥23 19-22 ≤18 ≥19 15-18 ≤14 ≥ 19 15-18 ≥ 14

Enrofloxacin 5 μg ≥ 20 15-19 ≤14

Trimethoprim/sulfa 1,25/23,75 μg ≥ 16 11-15 ≥ 10 ≥16 11-15 ≤10 ≥16 11-15 ≤10 ≥ 16 11-15 ≥ 10

Table 2 Distribution of milk samples according to herd
size

Clinical mastitis Subclinical mastitis

Farm size
category

Farms % Samples % Farms % Samples %

1 (1-30
cows)

54 28.4 98 3.2 41 15 86 1.7

2 (31-99
cows)

35 18.4 149 4.9 51 18.6 268 5.2

3 (100-299
cows)

40 21.1 378 12.4 53 19.3 541 10.5

4 (300-599
cows)

44 23.2 1472 48.1 80 29.2 2426 47.1

5 (> 600
cows)

17 8.9 961 31.4 49 17.9 1825 35.5

Total 190 100 3058 100 274 100 5146 100
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In the present study, E. coli and Str. uberis were the
pathogens isolated most frequently from clinical masti-
tis, while S. aureus, CNS and Corynebacterium spp.
caused mainly subclinical mastitis. The same results
were shown in an Estonian study ten years ago, where
C. bovis (47.5%), S. aureus (21%) and CNS (15.8%) were
the pathogens isolated most commonly from cases of
subclinical mastitis [29]. The isolation rate of Str. aga-
lactiae was surprisingly high in our study.
We found a strong association between the isolation

of Str. agalactiae and very large-scale farms. In total,
there are 98000 dairy cows in Estonia and the mean

herd size is 88 cows [30]. Rapid changes in management
style (from tie-stalls to free-stalls) have occurred during
the last eight years, which may explain the coexistence
of environmental pathogens together with Str. agalac-
tiae. Although teat disinfection and dry cow therapy is a
common routine on Estonian dairy farms, proper eradi-
cation programmes for Str. agalactiae have not been
employed. In contrast, an increased probability of find-
ing S. aureus was correlated with farms with fewer than
30 cows. The average age of cows on small farms was
5.3 years, compared with 4.3 years on farms on which
more than 300 cows were kept [30]. The culling policy
may be different, and the owners of smaller farms may
keep (possibly chronically infected) cows in the herd for
a longer period of time.
The disc diffusion method for in vitro antimicrobial

susceptibility testing was used in this study. This techni-
que is the most widely used method for determination
of the susceptibility of animal pathogens, especially in
clinical work when it is necessary to determine the cor-
rect treatment. The primary disadvantage of using this
method when monitoring development of resistance is
that outcomes are reported on a qualitative basis (sensi-
tive, intermediate, or resistant), and subtle changes in
susceptibility may not be apparent. Therefore any com-
parison with studies that use other methods of suscept-
ibility testing is not acceptable [31].
Generally in our study, the in vitro antimicrobial resis-

tance of the isolates examined from samples of clinical

Table 3 Distribution of bacterial species isolated from clinical and subclinical mastitis samples in 2007-2009

Clinical mastitis Subclinical mastitis

Bacteria 2007
(n = 598)

2008
(n = 692)

2009
(n = 726)

2007
(n = 939)

2008
(n = 1063)

2009
(n = 661)

S. aureus 11.7 11.7 11.7 19.2 22.8 16.6

CNS 4.8 7.1 8.5 16.1 13.6 17.4

CPS* 3.8 3.3 1.6 4.6 2.8 5.1

Str. agalactiae 9.0 11.3 14.7 13.6 9.0 10.7

Str. dysgalactiae 8.0 7.8 7.2 3.6 4.0 5.6

Str. uberis 16.1 21.8 17.1 10.2 12.3 12.9

Str. spp 3.2 3.3 1.9 1.2 2.0 2.7

Lactococcus lactis 10.9 3.9 5.7 8.9 8.2 3.9

E. coli 14.4 16.6 16.5 1.6 2.0 3.8

Klebsiella spp. 7.0 1.3 2.3 0.7 0.6 0.9

Enterococcus spp. 1.3 2.3 1.1 1.5 2.8 4.2

Corynebacterium spp. 2.2 2.6 5.0 16.5 17.3 8.5

A. pyogenes 2.2 3.8 3.6 0.1 0.6 0.6

Pseudomonas spp. 1 0.3 0.3 0 0 0.6

Proteus spp. 0.2 0 0.2 0.4 0.1 0.6

Yeast 2.3 2 1.6 1.5 1.6 5.6

Other 1.8 0.9 1 0.3 0.3 0.3

Total 100% 100% 100% 100% 100% 100%

* CPS: coagulase-positive staphylococci (other than S. aureus).

Table 4 Antimicrobial susceptibility of staphylococci
isolated from bovine clinical mastitis

S. aureus CNS

Disc content in μg n S*
(%)

I *
(%)

R*
(%)

n S*
%

I *
(%)

R*
(%)

Ampicillin10 μg 173 40.5 - 59.5 91 61.5 - 38.5

Penicillin10 μg 174 38.6 - 61.4 93 65.5 - 34.4

Cephalothin 30 μg 160 96.2 - 3.8 84 96.4 - 3.6

Clindamycin 2 μg 169 81.9 0 18.1 91 82.4 0 17.6

Erythromycin15 μg 83 95.2 0 4.8 47 85.1 0 14.9

Tetracycline 30 μg 147 95.9 0 4.1 86 88.4 0 11.6

Trimethoprim/sulfa 1.25/
23.75 μg

162 96.6 0 3.4 76 97.4 0 2.6

Gentamycin 10 μg 146 93.2 0 6.8 69 98.6 0 1.4

* Propotion of susceptible (S), intermediate susceptibility (I) and resistant (R)
isolates.
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mastitis were high. Isolates of S. aureus had an alarming
level of resistance to penicillin (61.4%) and ampicillin
(59.5%), whereas CNS exhibited a lower degree of resis-
tance to penicillin and ampicillin (38.5%; 34.4%). The
reported percentages for penicillin resistant S. aureus in
cases of clinical mastitis, detected by the disc diffusion
method, are 50.4% and 35.4% in the USA [10,32], 63.3%
in Turkey [33] and 12% in Northern Germany [34]. In
addition, cephalothin resistance among staphylococci was
found in our study. Although reports of methicillin-
resistant staphylococci causing bovine mastitis are rare,
those samples found in our study need further investiga-
tion in order to prove or exclude the presence of the
mecA gene. In the present study, both staphylococci and
streptococci showed resistance to erythromycin and lin-
comycin, but the figures for resistance in annual reports
from some other countries show a low prevalence of lin-
comycin and erythromycin resistance in S. aureus and
CNS [13,14,35]. Given that S. aureus and CNS were the
pathogens isolated most frequently from cases of subcli-
nical mastitis, one possible explanation for resistance to

several antibiotics may be the collection and submission
to the laboratory of milk samples from chronic clinical
mastitis (which demonstrate poor treatment efficacy).
Therefore, random sampling strategies should be used to
provide a good evaluation of antimicrobial susceptibility.
The level of resistance of E. coli and Klebsiella spp. was

high against all tested antimicrobials, except cefaperazone
and enrofloxacin. Coliforms are often resistant to more
than one antimicrobial [36,37], and the number of multi-
resistant strains may influence the resistance figures. Coli-
form bacteria isolated from cases of mastitis may reflect
the general situation of resistance in the herd and can be
considered more as an indicator of the bacteria present
than an indicator of specific pathogens from the udder
[36]. All of the bacterial species investigated in the present
study showed resistance to tetracycline. A possible expla-
nation for this phenomenon could be that tetracycline has
been the class of antimicrobial most widely used for treat-
ment of several infections for many years. In addition, tet-
racycline has been found in multiresistant patterns with
penicillin and streptomycin [33,37].
Statistical data from the Estonian State Medical

Agency confirmed [19] that alltogether 209880 single
intramammary syringes for lactating cows and 205648
for dry cow therapy were sold in the year 2009. Ampicil-
lin and cloxacillin combinations, cephalosporins with
aminoglycosides, and lincomycin with neomycin were
the most common choices for the treatment of mastitis
in lactating cows. For example, 255 grams of intramam-
mary lincomycin (pure antimicrobial) and 44.2 grams of
intramammary cephalosporins per thousand dairy cows
were sold for the treatment of clinical mastitis in 2009
[19]. However, only 73.4 grams of penicillin G was used
per thousand dairy cows for intramammary treatment of
clinical mastitis. The use of broad-spectrum antibiotics
and antibiotic combinations may influence the resistance
of mastitis pathogens. In addition, bacteriological exami-
nation of milk samples before treatment of clinical mas-
titis is not a common practice in Estonia. According to

Table 5 Antimicrobial susceptibility of streptococci isolated from bovine clinical mastitis

Str. agalactiae Str. dysgalactiae Str. uberis

Disc content in μg n S*
(%)

I* (%) R* (%) n S*
(%)

I*
(%)

R*
(%)

n S*
(%)

I*
(%)

R*
(%)

Ampicillin 10 μg 162 100 - 0 111 100 0 0 265 99.6 0 0.4

Penicillin 10 μg 168 100 - 0 111 100 0 0 267 99.6 0 0.4

Cephalothin 30 μg 143 100 - 0 101 100 0 0 254 99.6 0 0.4

Clindamycin 2 μg 161 91.9 1.9 6.2 115 92.2 0 7.8 273 92 1.4 6.6

Erythromycin 15 μg 77 96.1 2.6 1.3 60 88.3 5 6.7 134 89.6 2.2 8.2

Tetracycline 30 μg 151 78.1 7.3 14.6 90 48.9 18.9 32.2 234 79.9 3.4 19.7

Trimethoprim/sulfa
1.25/23.75 μg

140 93.6 0 6.4 103 99 0 1 223 95.9 0.9 3.2

Gentamycin 10 μg 143 63.6 11.9 24.5 88 88.6 0 11.4 210 71.9 9.5 18.6

* Propotion of susceptible (S), intermediate susceptibility (I) and resistant (R) isolates.

Table 6 Antimicrobial susceptibility of E. coli and
Klebsiella spp. isolated from bovine clinical mastitis

E. coli Klebsiella spp.

Disc content in μg n S*
(%)

I *
(%)

R*
(%)

n S*
(%)

I*
(%)

R*
(%)

Ampicillin 10 μg 201 68.7 7.0 24.3 39 15.4 7.7 76.9

Cefaperazone75 μg 137 100 0 0 32 100 0 0

Tetracycline 30 μg 184 77.8 8.7 13.5 39 79.6 10.2 10.2

Trimethoprim/sulfa 1.25/
23.75 μg

191 84.3 3.7 12.0 40 97.5 0 2.5

Gentamycin 10 μg 161 94.3 2.5 2.2 40 95.0 0 5.0

Streptomycin 300
μg

154 78.6 5.8 15.6 37 73.0 8.1 18.9

Neomycin 30 μg 155 72.9 20.6 6.5 37 83.8 13.5 2.7

Enrofloxacin 5 μg 185 98.4 0 1.6 37 100 0 0

* Proportion of susceptible (S), intermediate susceptibility (I) and resistant (R)
isolates.
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the available data in Sweden, intramammary and intra-
muscular penicillin G [38] are used in over 80% of cases
for treatment of clinical mastitis, but the prevalence of
resistance of S. aureus to penicillins is only 7.1% [36]. In
Finland, penicillin G and some broad-spectrum b-lactam
antibiotics are used in the treatment of clinical mastitis,
but the prevalence of resistance in S. aureus is only 13%
[39]. Bacteriological examination before treatment is
common in both countries.
Considering these results, we can assume that the

main reason for the occurrence of a high number of
resistant strains in Estonian herds is the wide use of
broad-spectrum antimicrobials and the long-term pre-
sence of infected cows in herds.

Conclusion
This study showed that the main pathogens that caused
clinical mastitis were Str. uberis and E. coli. Subclinical
mastitis was caused mainly by S. aureus and CNS.
A relatively high number of isolates of Str. agalactiae
were cultured from both types of case. The number of
S. aureus and Str. agalactiae isolates depended on herd
size. Among the bacteria investigated, the prevalence of
antimicrobial resistance was extremely high, especially
penicillin resistance in S. aureus and CNS.

Acknowledgements
The Estonian Ministry of Agricultural is acknowledged for financial support
(research project No 10043VLVL)

Author details
1Department of Therapy, Institute of Veterinary Medicine and Animal
Science, Estonian University of Life Sciences, Tartu, 51014, Estonia.
2Department of Environment and Animal Health, Institute of Veterinary
Medicine and Animal Science, Estonian University of Life Sciences, Tartu,
51014, Estonia. 3Estonian Veterinary and Food Laboratory Tartu 51014,
Estonia.

Authors’ contributions
PK carried out the study, compiled the results and drafted the manuscript,
BA participated in data collection and coordinated the laboratory analysis,
TO participated in designing the study and statistical analysis of the data, AK
performed bacteriological analysis, and KK coordinated the study. All authors
were significantly involved in designing the study, interpreting data and
composing the manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 5 October 2010 Accepted: 8 February 2011
Published: 8 February 2011

References
1. Pitkälä A, Haveri M, Pyörälä S, Myllys V, Honkanen-Buzalski T: Bovine

mastitis in Finland 2001–prevalence, distribution of bacteria, and
antimicrobial resistance. J Dairy Sci 2004, 87:2433-2441.

2. Osterås O, Sølverød L, Reksen O: Milk culture results in a large Norwegian
survey-effects of season, parity, days in milk, resistance, and clustering. J
Dairy Sci 2006, 89:1010-102.

3. Piepers S, De Meulemeester L, de Kruif A, Opsomer G, Barkema HW, De
Vliegher S: Prevalence and distribution of mastitis pathogens in

subclinically infected dairy cows in Flanders, Belgium. J Dairy Res 2007,
74:478-483.

4. Tenhagen BA, Köster G, Wallmann J, Heuwieser W: Prevalence of mastitis
pathogens and their resistance against antimicrobial agents in dairy
cows in Brandenburg, Germany. J Dairy Sci 2006, 89:2542-2551.

5. Botrel MA, Haenni M, Morignat E, Sulpice P, Madec JY, Calavas D:
Distribution and antimicrobial resistance of clinical and subclinical
mastitis pathogens in dairy cows in Rhône-Alpes, France. Foodborne
Pathog Dis 2009, 17.

6. Sųlverod L, Branscum AJ, Østerås O: Relationships between milk culture
results and treatment for clinical mastitis or culling in Norwegian dairy
cattle. J Dairy Sci 2006, 89:2928-2937.

7. Aarestrup FM, Jensen NE: Development of penicillin resistance among
Staphylococcus aureus isolated from bovine mastitis in Denmark and
other countries. Microb Drug Resist 1998, 4:247-256.

8. Riekerink O, Barkema HW, Kelton DF, Scholl DT: Incidence rate of clinical
mastitis on Canadian dairy farms. J Dairy Sci 2008, 91:1366-1377.

9. Wilson DJ, Gonzales RN, Das HH: Bovine mastitis pathogens in New York
and Pennsylvania: Prevalence and effects on somatic cell count and
milk production. J Dairy Sci 1997, 80:2592-2598.

10. Makovec JA, Ruegg PL: Antimicrobial resistance of bacteria isolated from
dairy cow milk samples submitted for bacterial culture: 8,905 samples
(1994-2001). J Am Vet Med Assoc 2003, 222:1582-1589.

11. Guerin-Fauble V, Carret G, Houffschmitt P: In vitro activity of 10
antimicrobial agents against bacteria isolated from cows with clinical
mastitis. Vet Rec 2003, 152:466-471.

12. Bradley AJ, Leach KA, Breen JE, Green LE, Green MJ: Survey of the
incidence and aetiology of mastitis on dairy farms in England and
Wales. Vet Rec 2007, 160:253-257.

13. MARAN: Monitoring of antimicrobial resistance and antibiotic usage in
animals in the Netherlands in 2008 2008 [http://www.cvi.wur.nl].

14. NORM/NORM-VET 2003: Usage of Antimicrobial Agents and Occurrence
of AntimicrobialResistance in Norway. Tromsø/Oslo 2004.

15. Guerin-Faublee V, Tardy F, Bouveron C, Carret C: Antimicrobial
susceptibility of Streptococcus species isolated from clinical mastitis in
dairy cows. Int J Antimicrob Agents 2002, 19:219-226.

16. FINRES-Vet 2005-2006: Finnish veterinary antimicrobial resistance
monitoring and consumption of antimicrobial agents. Evira publications
2007 [http://http:/evira.fi/uploads/WebshopFiles/1198141211941.pdf].

17. SVARM, 2004: Swedish veterinary antimicrobial resistance monitoring. The
National Veterinary Institute(SVA), Uppsala, Sweden , ISSN 1650-6332.

18. Sampimon O, Barkema HW, Berends I, Sol J, Lam T: Prevalence of
intramammary infection in Dutch dairy herds. J Dairy Res 2009,
76:129-136.

19. Estonia State Medical Agency: Official annual report. Usage of
antimicrobial agents in animals. Estonia 2009.

20. IDF: Suggested interpretation of mastitis terminology. Int Dairy Fed Bull
1999, , 338: 3-26.

21. Hogan JS, Gonzales RN, Harmon RJ, Nickerson SC, Oliver SP, Smith KL:
Laboratory Handbook on Bovine Mastitis. National Mastitis Council Inc,
Madison, WI;, Revised 1999.

22. Clinical and Laboratory Standard Institute (CLSI): Performance standards
for antimicrobial disk and dilution susceptibility tests for bacteria
isolated from animals: Approved standard. NCCLS document M31-A2.
Second edition. Clinical and Laboratory Standard Institute, Wayne, PA, USA;
2002.

23. Clinical and Laboratory Standard Institute (CLSI): Performance standards
for antimicrobial disk and dilution susceptibility tests for bacteria
isolated from animals: Approved standard. CLSI document M31-A3. Third
edition. Clinical and Laboratory Standard Institute, Wayne, PA, USA; 2008.

24. Stata 10.2. 2008 Stata® Statacorp LP, College Station, USA .
25. Sargeant JM, Morgan SH, Leslie KE, Ireland MJ, Anna Bashiri A: Clinical

mastitis in dairy cattle in Ontario: Frequency of occurrence and
bacteriological isolates. Can Vet J 1998, 39:33-39.

26. Roesch M, Doherr MG, Schären W, Schällibaum M, Blum JV: Subclinical
mastitis in dairy cows in Swiss organic and conventional production
systems. J Dairy Res 2007, 74:86-92.

27. Rainard P, Riollet C: Innate immunity of bovine mammary gland. Vet Res
2006, 37:369-400.

28. Taponen S, Salmikivi L, Simojoki H, Koskinen MT, Pyörälä S: Real-time
polymerase chain reaction-based identification of bacteria in milk

Kalmus et al. Acta Veterinaria Scandinavica 2011, 53:4
http://www.actavetscand.com/content/53/1/4

Page 6 of 7

http://www.ncbi.nlm.nih.gov/pubmed/15328265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15328265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15328265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16507696?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16507696?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17931457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17931457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16772573?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16772573?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16772573?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16840608?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16840608?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16840608?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9818977?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9818977?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9818977?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18349229?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18349229?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9361234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9361234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9361234?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12784967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12784967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12784967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12723630?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12723630?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12723630?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17322356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17322356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17322356?dopt=Abstract
http://www.cvi.wur.nl
http://www.ncbi.nlm.nih.gov/pubmed/11932145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11932145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11932145?dopt=Abstract
http://http:/evira.fi/uploads/WebshopFiles/1198141211941.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19121233?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19121233?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9442950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9442950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9442950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16978453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16978453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16978453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16611554?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19447993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19447993?dopt=Abstract


samples from bovine clinical mastitis with no growth in conventional
culturing in milk. J Dairy Sci 2009, 92:2610-2617.

29. Haltia L, Honkanen-Buzalski T, Spiridonova I, Olkonen A, Myllys V: A study
of bovine mastitis, milking procedures and management practises on 25
Estonian dairy herds. Acta Vet Scan 2006, 48:22.

30. Animal Recording Centre: Annual Report Estonia 2009.
31. Schwarz S, Silley P, Shabbir S, Woodword N, van Duijkeren E, Johnson AP,

Gaastra W: Editorial. Assessing the antimicrobial susceptibilty of bacteria
obtained from animals. Vet Microbiol 2009, 141:1-4.

32. Erskine RJ, Walker RD, Bolin CA, Bartlett PC, White DG: Trends in
antibacterial susceptibility of mastitis pathogens during a seven-year
period. J Dairy Sci 85:1111-1118.

33. Güler L, Ok Ü, Gündüz K, Gülcü Y, Hadimli HH: Antimicrobial susceptibility
and coagulase gene typing of Staphylococcus aureus isolated from
bovine clinical mastitis cases in Turkey. Dairy Sci 2005, 88:3149-3154.

34. Schröder A, Hoedemaker M, Klein G: Resistance of mastitis pathogens in
Northern Germany. Berl Münch Tierärztl Wochenschr 2005, 9/10:393-398.

35. SVARM: Swedish veterinary antimicrobial resistance monitoring. The
National Veterinary Institute(SVA), Uppsala, Sweden; 2002, ISSN 1650-6332.

36. Bengsston B, Unnerstad HE, Ekman T, Artursson K, Nilsson-Öst M, Persson
Waller K: Antimicrobial suspectibility of udder pathogens from cases of
acute clinical mastitis in dairy cows. Vet Microbiol 2009, 36:142-149.

37. Lehtolainen T, Schwimmer A, Shpigel NY, Honkanen-Buzalski T, Pyörälä S: In
vitro antimicrobial susceptibility of Escherichia coli isolates from clinical
bovine mastitis in Finland and Israel. J Dairy Sci 2002, 86:3927-3932.

38. Landin H: Treatment of mastitis in Swedish dairy production. Svensk
Veterinärtidning 2006, 58:19-25.

39. Nevala M, Taponen S, Pyörälä S: Bacterial etiology of bovine clinical
mastitis- data from Saari Ambulatory Clinic in 2002-2003. Suomen
Eläinlääkarilehti 110:363-369.

doi:10.1186/1751-0147-53-4
Cite this article as: Kalmus et al.: Udder pathogens and their resistance
to antimicrobial agents in dairy cows in Estonia. Acta Veterinaria
Scandinavica 2011 53:4.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Kalmus et al. Acta Veterinaria Scandinavica 2011, 53:4
http://www.actavetscand.com/content/53/1/4

Page 7 of 7

http://www.ncbi.nlm.nih.gov/pubmed/19447993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19447993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20042302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20042302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12086045?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12086045?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12086045?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Sample collection
	Laboratory analysis
	Data analysis

	Results
	Isolation of mastitis pathogens
	Antimicrobial susceptibility testing

	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


