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Abstract  

Background: The Finnish dairy herd recording system maintains production and health records of cows and herds. 
Veterinarians and farmers register veterinary treatments in the system. Milk samples for microbiological analysis are 
routinely taken from mastitic cows. The laboratory of the largest dairy company in Finland, Valio Ltd., analyzes most 
samples using real-time PCR. This study addressed pathogen-speci�c microbiological data and treatment and cull-
ing records, in combination with cow and herd characteristics, from the Finnish dairy herd recording system during 
2010–2012.

Results: The data derived from 240,067 quarter milk samples from 93,529 dairy cows with mastitis; 238,235 cows 
from the same herds served as the control group. No target pathogen DNA was detected in 12% of the samples. 
In 49% of the positive samples, only one target species and in 19%, two species with one dominant species were 
present. The most common species in the samples with a single species only were coagulase-negative staphylo-
cocci (CNS) (43%), followed by Staphylococcus aureus (21%), Streptococcus uberis (9%), Streptococcus dysgalactiae (8%), 
Corynebacterium bovis (7%), and Escherichia coli (5%). On average, 36% of the study cows and 6% of the control cows 
had recorded mastitis treatments during lactation. The corresponding proportions were 16 and 6% at drying-o�. For 
more than 75% of the treatments during lactation, diagnosis was acute clinical mastitis. In the milk samples from cows 
with a recorded mastitis treatment during lactation, CNS and S. aureus were most common, followed by streptococci. 
Altogether, 48% of the cows were culled during the study. Mastitis was reported as the most common reason to cull; 
49% of study cows and 18% of control cows were culled because of mastitis. Culling was most likely if S. aureus was 
detected in the milk sample submitted during the culling year.

Conclusions: The PCR test has proven to be an applicable method also for large-scale use in bacterial diagnostics. In 
the present study, microbiological diagnosis was unequivocal in the great majority of samples where a single species 
or two species with one dominating were detected. Coagulase-negative staphylococci and S. aureus were the most 
common species. S. aureus was also the most common pathogen among the culled cows, which emphasizes the 
importance of preventive measures.
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Background
During recent decades, considerable structural changes 
have occurred in the dairy industry in many countries. 
In Finland, the total number of dairy farms has decreased 
substantially but average herd size and numbers of farms 
with automatic milking systems (AMS) have increased 

[1–3]. With increasing herd size, good management 
practices and care of the cows become ever more impor-
tant [4, 5]. Despite decades of mastitis control programs 
in countries with an intensive dairy industry, mastitis 
continues to be the most common and economically 
important disease of dairy cows. It considerably a�ects 
milk production, animal welfare, and food safety [6–8]. 
Today’s consumers make increasing demands for ade-
quate animal welfare as well as food quality and safety, 
which also must be taken into account on modern dairy 
farms [9].
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Mastitis results from intramammary infection (IMI), 
mostly caused by various bacterial species. Knowledge 
on the bacteriological etiology of IMI is important for 
e�cient mastitis control and treatment [10, 
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legislation on medical treatment of animals emphasizes 
the importance of microbiological diagnosis before any 
antimicrobial treatment of dairy cattle. In most cases 
when herd sta� identi�es a cow with clinical mastitis they 
contact their veterinarian who visits the farm. In cases of 
subclinical and mild clinical mastitis, herd sta� �rst take 
a milk sample and then contact their veterinarian. Such 
cases do not necessarily receive antimicrobial treatment. 
In our study, on average 35.7% of the cows in the study 
group and 6.2% of the control cows had a recorded mas-
titis treatment during lactation. �e signi�cant di�erence 
between the sampled study cows and the control cows 
was expected.

In Finland, based on the numbers of milk samples, 
total number of dairy cows and antimicrobial consump-
tion �gures, it can be estimated that a milk sample for 
bacteriology is taken in a majority of mastitis cases [43]. 
We found that quarter milk samples were submitted to 
the laboratory on average for nearly 60% and, in the last 
study year, over 60% of the cows with a recorded treat-
ment during lactation. It must be pointed out that the 
recording completeness for veterinary-supervised cases 
of mastitis in Finland has not been 100%, but accord-
ing to a Nordic study only 56% (95% con�dence interval 
48–64%) [23]. Consequently, treatment records may be 
missing from our data, although disease reporting for 
dairy cows probably has become more complete since 
2008 when the study of Wol� et�al. [23] was carried out. 
Disease recordings are now done through the national 
herd health system Naseva [44] with which control of 
treatments has improved.

Control cows with a recorded treatment were either 
treated without taking a milk sample or the sample was 
taken but not analyzed in the laboratory of Valio Ltd. In 
Finland, veterinarians sometimes use triplate agars for 
rapid diagnosis of acute clinical mastitis and the results 
are generally not recorded [45]. It is still likely that mas-
titis cases diagnosed and sampled by farmers and treated 
via a veterinary prescription may remain unrecorded; this 
is supported by the low �gure for treatments recorded 
with the speci�c code for notes of herd sta� for treatment 
(data not shown). Many cows are repeatedly treated. �e 
average number of treatments per cow was 1.3 and treat-
ments may further accumulate for some of the cows.

�e number of cows with recorded treatments for 
subclinical or chronic mastitis during lactation was low, 
which complies with the Finnish guidelines for masti-
tis treatment, where it is generally advised to postpone 
treatment of subclinical mastitis during lactation until 
drying-o�, and treatment of chronic mastitis is not 
recommended [46]. Another possibility is that these 
treatments, often given by herd sta� after veterinary pre-
scription, are not reported. DCT was administered on 

average to 9.4% of the study cows and to 5.0% of control 
cows, and respectively 6.4 and 0.8% of the cows had been 
treated both during lactation and with DCT. Based on 
the consumption �gures for intramammary products in 
Finland, approximately 22% of cows receive DCT [43]. 
�us a considerable part of the treatment records for 
DCT are missing from our data. Figures for proportions 
of cows treated both during lactation and at drying-o� 
were unexpectedly low. In general, DCT is recommended 
for cows that have had mastitis during lactation [46], but 
seemingly this advice is not followed on Finnish dairy 
farms.

Identi�cation of the causal agent of IMI is important 
for mastitis management and treatment, but the routine 
is still rare in many countries and herds. For instance, in 
the Netherlands, only 34% of farmers submit milk sam-
ples for microbial analysis from cows with clinical mas-
titis and 22% from those with subclinical mastitis [10]. 
Prevention strategies in the herds should be pathogen-
speci�c because problems caused by di�erent bacteria 
need di�erent approaches [11]. Treatment of mastitis 
should be based on microbiological diagnosis to avoid 
ine�cient or unnecessary use of antimicrobials [14, 47, 
48]. Even simple on-farm diagnostics, which only clas-
si�es mastitis-causing agents into Gram-negative and 
Gram-positive, has proven to be useful and reduced 
treatment costs [49, 50].

In the study group, mastitis was the reason for nearly 
half of the culled cows; in the control group the respec-
tive proportion was lower, as expected. Culling because 
of mastitis generally represents premature culling, which 
constitutes one-�fth of the costs of clinical mastitis in 
Finland [8]. �e comparison of the shares of the patho-
gens in Tables�2 and 4 indicates that S. aureus was more 
common among culled cows than in the whole sample 
data. �us, presence of S. aureus means increased risk 
of culling the cow. �is may re�ect the often poor out-
come for treatment of mastitis caused by S. aureus [51]. 
�e shares of the rest �ve pathogens presented in Table�4 
were similar or lower among culled cows than in the 
whole dataset indicating that only S. aureus is a real risk 
factor for culling due to mastitis. However, more detailed 
studies on pathogen-speci�c diagnoses and treatment 
data using our large database will be carried out.

Conclusions
In Finland, quarter milk samples are routinely taken 
from cows with mastitis. Most are analyzed using a PCR-
test which has proven to be an applicable method also 
for large-scale use in bacterial diagnostics. In the pre-
sent study, microbiological diagnosis was unequivocal 
in the great majority of samples in which only one spe-
cies or two species with one dominating were detected. 
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�e reporting of results with more than two species 
detected should be improved to make the interpretation 
easier. CNS and S. aureus were the most common spe-
cies detected in the milk samples whereas the propor-
tion of environmental pathogens was lower than in many 
other countries. S. aureus was also the most common 
pathogen among the culled cows, which emphasizes the 
importance of preventive measures. Mastitis treatments 
are probably often based on bacterial diagnosis, but the 
activity of dairy farmers to submit milk samples for bac-
terial analysis could be further increased. With patho-
gen-speci�c treatments, ine�cient and unnecessary use 
of antimicrobials can be decreased, which also improves 
food safety.
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