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abstract

KvapiliK, J., O. Hanus, J. syruceK, M. vyletelOva-KliMesOva and p. rOubal, 2014. the economic 
importance of the losses of cow milk due to mastitis: a meta-analysis. Bulg. J. Agric. Sci., 20: 1483-1497

reducing the incidence of mastitis is measure aimed at increasing the quality of milk and dairy products. effective eco-
nomic argument for mastitis losses could contribute to promoting the prevention of this disease. according to literature data 
and model calculations the aim was to: - highlight the incidence of mastitis in cow herds; - analyze production losses caused 
by mastitis; - generalize the obtained knowledge. relevant literature data (a) and two published data sets (b1 and b2) were 
statistically analyzed by method of meta-analysis. in addition to the milk losses also next economically important indicators 
were observed: - % of infectious animals; - somatic cell count (scc) in milk; - the total count of microorganisms (tcM); - fat 
content (F); - protein content (p); - selected indicators of reproduction. relationship between scc and decrease in milk pro-
duction showed correlation 0.775 (p<0.01). scc increase by 100 103.ml–1 results in a decrease in production (regression coeffi-
cient b=1.82) by 2.0% and vice versa. relationship between scc and lower milk production due to mastitis showed correlation 
0.832(p<0.01).With the increase in scc by 100 103.ml–1 the production is reduced by 51 kg per cow and lactation on average 
(b =0.511). Relations between SCC and other indicators were significant (P<0.01; B1 and B2).SCC increasing by 10 103.ml–1-

resulted in reduction of F and p by 0.034 and 0.015% and tcM increase by 1.77 103.ml–1 and decrease of F and p by 0.022 and 
0.015% and tcM increase by 0.26 103.ml–1.

Key words: cow, milk losses, percentage of infectious animals, somatic cell count, total count of microorganisms, 
fat and protein losses, losses of milk quality, dairy cow reproduction performance losses

Abbreviations: bci – between calving interval; cMscH – czech Moravia breeders corporation;  
cOra – conception rate; cr – czech republic; eu – european union; F – fat; p – protein;  
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introduction

in accordance with the principles of the common agricul-
tural policy of the european union (eu) there is increasing 
attention paid to the food quality and safety. also reducing 
the mastitis incidence is procedure which is included among 
the measures aimed at increasing the milk and milk product 
quality. Mastitis is, along with fertility disorders and lameness 
(Mitev et al., 2011; varlyakov et al., 2012), the most common 
diseases of dairy production and a significant source of eco-
nomic losses. according to Wendt et al. (1994) the mastitis is 

inflammation of the mammary gland in the complex of abilities 
to generate collect and eject milk. to evaluate the udder health 
state the German veterinary society (DvG 2002) developed 
definitions of normal milk secretion, latent udder infections 
and mastitis (nonspecific, subclinical, clinical and chronic). 
Subclinical mastitis is an udder in flammation without obvi-
ous symptoms with increased somatic cell count (scc) and 
changed chemical milk composition and in two of the three 
analyzes can be detected pathogens. there are obvious signs 
of inflammation (higher temperature, pain, and swelling) at 
clinical mastitis and also milk shows macroscopic changes 
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and cows often suffer from fever. effective economic informa-
tion and arguments about losses caused by mastitis could help 
to promote the prevention of this disease in dairy herds.

The goal of this paper was to: - highlight the incidence 
of mastitis in dairy cow herds; - analyze the production loss-
es caused by mastitis; - obtain and generalize the relevant 
knowledge for possibility of practical use. this was based on 
literature data and model calculations and carried out by pro-
cedure of meta-analysis

material and methods

Methodical solutions of meta-analysis
This meta-analysis of production losses caused by inflam-

mation of the udder is based on domestic and international 
scientific and professional publications (data A). In terms of 
classification of the used published results the occurrence 
(frequency) of mastitis in herds, the types and amounts of 
production losses and the factors that influence them are 
mainly reported. Data to estimate the mastitis incidence in 
the reviewed files were based either on the traditional clas-
sification of mastitis disease (Table 1; Siepelmeyer, 2011) or 
estimated by the milk SCC. Except nonspecific mastitis the 
higher scc is characteristic and consensual for other types 
(table 1). therefore, scc is one of more indicators of the raw 
milk quality in the breeding developed countries (yilmaz 
and Koc, 2013). eu (Directiveno.92/46) and czech repub-
lic (cr; edict no.203/2003coll., csn 570529) legislation de-
mand among others less than 400 103.ml–1scc for processing 
of raw cow’s milk. Milk scc from cows with healthy udder 
is less than 100 103.ml–1. Quarter sample scc above 200 103.
ml–1 indicates the udder infection (national Mastitis council, 
2001). to estimate the relationship between indicators of the 
milk quality the results of analyzes of bulk samples in the 
cr (cMscH laboratories, inc.) for the period 2007 to 2013 
(Kopunecz, 2014), and bavaria (Milchprüfring bayern e. v., 
2014) for the year 2013 (data b1 and b2) were used. these 
results had been also practically used for payment purposes 
according to the milk quality in those regions.

Types and height of milk production losses due to mastitis
Mastitis has an adverse effect on production and econo-

mic results of dairy herds as well as any other disease. For the 
validation of data which (from literature sources) are enter-
ing into economic meta-analysis there is important to define 
the criteria for losses on livestock indicators such as milk 
yield and quality due to mastitis in dairy cows. the authors 
generally agree on the main types and causes of losses. the 
fewer consensuses exist about their observed or estimated 
amount. the following types of production losses are most 
common:

the lower volume of sold milk due to lower milk yield dur-• 
ing and after mastitis cure;
the lower volume of sold milk due to its exclusion from de-• 
livery after antibiotic treatment;
the higher culling of cows from rearing (higher herd change) • 
due to mastitis;
the higher veterinary performance (vet work) and drug con-• 
sumption;
the higher labour consumption of stable staff involved in • 
the care of mastitis cows;
the worsening of fertility indicators of dairy cows;• 
the changes of milk chemical composition and its quality • 
indicators;
the others (analysis of samples, calf losses, diseases associ-• 
ated with mastitis, lower sales of animals, etc.).

In terms of economic viewpoint the most significant loss-
es are caused by: - lower sales of milk (points 1 and 2); - 
higher culling of cows from herd (3); - the cost of treating 
cows (4). these losses (and higher labour consumption of 
herd staff) are usually included in the calculations of produc-
tion and economic losses caused by mastitis. the economic 
importance of other types of losses is lower and difficult to 
determine. Therefore, their specification in the calculations is 
rather exceptional. these factors were therefore usually tak-
en into account in the calculations and estimates. literature 
data were systematically classified for the purposes of meta-
analysis. this was made with milk indicators, which have a 
significant relationship to the economy of production. Re-

Table 1 
Brief description of mastitis types – the underlying of meta-analysis method

indicator Mastitis
clinical subclinical nonspecific latent

scc (103.ml–1) > 100 – 150 < 100 – 150
pathogens demonstrable not detectable demonstrable
udder changed unchanged x x
milk changes clear indistinct x x

siepelmeyer (2011).
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garding this facts, beside milk amount and its potential losses 
the following indicators of production, hygiene and quality 
were observed: - % of infectious animal (with mastitis patho-
gen finding); - the SCC; - the total count of microorganisms 
(tcM); - the fat content (F); - the protein content (p); - some 
indicators of reproduction performance (between calving in-
terval (bci), service period, insemination index).

Data statistic evaluation
The evaluated data files consisted of two (respectively 

three) above specified data sources (A and B (B1 and B2)). 
Data were processed by conventional statistical methods. 
there were designed basic parameters such as the mean val-
ues and characteristics of variability (Microsoft excel). rela-
tions between the included indicators were evaluated using 
linear and nonlinear regression. Significance of relationships 
was taken into account in end economic model calculations 
of production losses. the values   of the milk volume were 
converted from pounds (lb) per kilogram (lb = 0.4536 kg) if 
necessary.

results and discussion

Mastitis in cows and SCC in milk
requirements for scc and other indicators to ensure the 

good health of udders of dairy cows (and milk quality) were 
established by number of authors. siepelmeyer (2011) stated 
following characteristics inter alia: - scc over 100 103.ml–1 at 
less than 15% to 25% heifers and cows; - new infections dur-
ing lactation and in the dry period under 50 and 15%; - the 
success of treatment during the dry period above 60%; - cull-
ing of cows out of herd due to mastitis below 4% for the year. 
according to the ZMp (2012) there are good indicators of the 
health status of the udder as follows: - scc in bulk samples 
below 150 103.ml–1; - the number of cows with scc over 150 
103ml–1 is less than 20%; - number of quarters with clinical 
inflammation is less than 20%; - number of cows culled from 
herd due to mastitis is below 7%. From the above mentioned 
requirements and according to data in tables 2 – 5 this is evi-
dent that mainly scc over 100 – 150 103.ml–1, the number of 
new and repeated mastitis and growing proportion of dairy 
cows which were culled from herd due to mastitis indicate 
the need for the implementation of measures to improve the 
situation.

Due to the difficulty of resolution of healthy and mastitis 
cow udders, different farming conditions and other factors 
can not been stated exactly how many cows suffer from mas-
titis during year (table 6). clinical mastitis affects 17 – 48% 
of dairy cows per year. annual average can be very roughly 
estimated at 30%. published variability of subclinical masti-

tis is significantly greater than clinical. Subclinical mastitis 
is twenty to fifty times more common than clinical (Agribox, 
2012; Wolter and Kloppert, 2002). erskine (2011) reported 
their occurrence in 15 – 75% of cows (for disability 5 – 40% 
of udder quarters) and nielsen (2009) in 33% of the cows. 
according to Fehlings (2013) and siepelmeyer (2011) their 
proportion from all mastitis is higher than 90%. schroeder 
(2012) respectively Kudi et al. (2009) estimated from 15 to 
40 respectively 20 – 40 cases of subclinical mastitis per one 
clinical case.

Mastitis and milk production (sales) decrease
the relationship between the scc in the bulk milk and 

a reduction in milk production per cow is shown in table 7. 
binding of scc on the predicted prevalence of mastitis with 
relevant etiology by the occurrence of major pathogens in 
the bulk milk is given in table 8. there are seen the values   
greater than 100 and 200 cFu.ml–1 for occurrence of Strep-
tococcus agalactiae and Staphylococcus aureus in bulk milk 
as suspicious for herd health. both values   correspond to the 
scc of bulk milk 240 103.ml–1 predict the prevalence of the 
mastitis 7.9 and 20.5%. in addition to the variability of men-
tioned indicators (table 7) it shows that between scc in the 
bulk milk and milk yield per cow per year there is a clear 
negative correlation. With the increase in scc the milk pro-
duction per cow and year is significantly reduced. It can be 
considered in the ideal scc 100 – 150 103.ml–1 with no or 
minimal decrease in milk production per cow. the scc at 
around 400 – 800 103.ml–1 reduces milk production per cow 
more than by 10%. similar data indicated stiles and roden-
burg (2012) (table 9) and blowey and edmondson (1995). 
With the increase in scc by 100 103.ml–1 they showed a re-
duction in milk production by 2% (in scc range from 100 to 
1,000 103.ml–1 decrease in milk production 0 – 18%), respec-
tively by 2.5% (scc range 200 – 500 103.ml–1). if we divide 
the above data file (A) to intervals there is evident (Figure 1) 
that the milk loss is increased from 1% at scc in bulk milk to 
200 103.ml–1 to 24% at over 1,000 103.ml–1 of scc. relation-
ship in 45 pairs of scc (from 100 to 1,500 103.ml–1) and milk 
production decrease indicates a significant correlation coef-
ficient r=0.775 (P<0.01). The regression coefficient (b =1.820) 
indicates that an increase in scc by 100 103.ml–1 is in this 
range (from 100 to 1,500 103.ml-1) resulted in a milk produc-
tion decrease for the year by approximately 2.0% (Figure 2) 
and vice versa.

Milk production logically decreases with scc increas-
ing in milk from individual cows. there is shown in table 
10 a relatively high variability in the decrease in milk pro-
duction with SCC increasing and significant difference in 
the milk production reduction between the first and second 
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lactation. the difference in milk production per cow in scc 
range from 100 to 1,000 103.ml–1 can be estimated at 800 kg 
per lactation (Figure 3). relationship between scc and low-
er milk production due to mastitis expressed in 54 pairs the 
significant (P <0.01) correlation coefficient (r=0.832). From 

the regression coefficient (b =0.511) can be estimated that an 
increase in the scc by 100 103.ml–1 per cow and lactation 
reduced milk production by 51 kg of milk (Figure 4) on aver-
age. When milk yield per lactation is from 6,000 to 10,000 
kg of milk is as a result of higher scc by 100 103.ml–1 a drop 

Table 2 
requirements for milk yield and udder health of cows – the underlying of meta-analysis method 
indicator requirement

milk yield
- over 8,000 kg of milk per cow and year, lifetime milk yield 30,000 kg; 
- cow productive age over 3 years;
- annual renewal of cow herd under 30%, of which less than 30% due to mastitis;

milk quality - scc in the sell milk below 180 103.ml–1;

udder health state
- scc at least 60% of cows under 100 and less than 8% of cows over 400 103.ml–1;
- less than 2% of clinically diseased cows udders;
- less than 20% of recurring mastitis occurrence;
- more than 90% of cows with bacteriologically negative milk.

neike (2007). 

Table 3 
scc and udder health of cows – the underlying of meta-analysis method

scc in bulk milk sample (103.ml–1) udder clinical mastitis  
occurrence in herd, % udder health state

< 125 healthy < 24 good
125 – 250 suspect 24 – 60 improvement desirable
> 250 ill > 60 improvement  necessary

Wolter and Kloppert (2002). 

Table 4 
scc in the bulk milk sample and udder health of cow herd – the underlying of meta-analysis method 

scc (103.ml–1) udder health of  
cows

the proportion of infected 
udder quarters, %

Decrease in milk  
production, %

< 125 very good x 0
125 – 250 good 6 0
250 – 375 satisfactory 16 6
375 – 500 suspect 32 18
500 – 750 disturbed 48 29
> 750 problematic > 55 35

Winter (2008). 

Table 5 
Basic data on the characteristics of udder health of cow herd – the underlying of meta-analysis method

indicator characteristic values, %
current ideal

cows, scc in 
individual milk >

100 103.ml–1 subclinical mastitis occurrence cca 50 under 25
400 103.ml–1 threat of exclusion of milk from delivery cca 15 under 8 

1 000 103.ml–1 cows with little chance of cure cca 5 under 2
clinical cases per year clinical mastitis occurrence cca 50 under 12

1st lac., scc > 100 103.ml–1 1) mastitis occurrence in 1st lactation cca 40 under 5
Krömker (2010); 1) during first control day in milk recording, evaluation for one year.
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Table 6 
The reported incidence of clinical mastitis in dairy cows in different countries – data source for meta-analysis
state Mastitis, % year author
Great britain 16 – 20 1984 bunch et al.
canada 16.7 – 23.0 2008 riekerink et al.
different states1) 17.0 – 39.9 1986 – 2002 cit. Maier
canada 19.8 1998 sargeant et al.
lower saxony 21.6 2001 Fleischer et al.
netherlands 23.4 2008 steeneveld et al.
sweden 32 2009 nielsen
usa over 33 1998 Morin et al.
Germany 33.42) 2005 brinkmann et al.
Germany 35 2009 lührmann
england and Wales over 35 2007 Green et al.
turkey 35.8 1993 Firat
Denmark 36 – 48 2001 bartlett et al.
Germany 40 2010 Krömker
Great britain 43.3 2004 Whitaker et al.
saxony 45.22) 2002 – 2003 Krömker et al.

1) Great britain, usa, Finland, australia and Germany; 2) enterprise with organic farming.

Table 7 
scc in bulk milk samples (.ml–1) and lower milk production (%) – data source for meta-analysis

scc
(106)

Milk,
%1)

scc
(103)

Milk,
%1)

scc
(103)

Milk,
%1)

scc
(103)

Milk,  
%1)

scc
(103)

Milk,
%1)

0.1-0.2 0 < 125 0 150 0 < 100 < 2 200 0
0.2-0.5 4 125-250 0 200 0.75 100-200 2 - 4 500 6
0.5-1.0 9 250-375 6 300 2.25 200-500 4 - 8 1,000 18
1.0-5.0 14 375-500 18 350 3.00 500-750 8 - 10 1,500 29
5.0-10.0 30 500-750 29 400 3.75 > 750 > 10 x> 10.0 > 30 > 750 35 500 5.25 x

crist et al. (1997) Winter (2008) tiergesundheit (2007) Western canadian (2013) current concepts (1996)
1) decrease of milk production (sale) as a result of mastitis.

Table 8 
The prediction table for estimation of prevalence of infectious mastitis of main etiology in dairy herds and bulk scc 
by the occurrence of relevant pathogens in the bulk milk – the underlying of meta-analysis method 

Staphylococcus aureus Streptococcus agalactiae
bulk milk cFu.ml–1 prevalence estimation % scc estimation 103.ml–1 prevalence estimation % scc estimation 103.ml–1

0 0 150 0 150
10 1.7 160 1.0 160
50 7.3 180 4.6 200
100 12.6 210 7.9 240
200 20.5 240 13.4 290
300 26.7 290 17.8 340
500 36.2 360 24.6 400
700 43.5 410 30.0 490
1000 52.1 450 36.4 600
1500 62.9 600 44.6 800

Benda et al. (1997; modified); CFU = colony forming unit.
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in milk production by 0.9 – 0.5%. When scc increases from 
100 to 400 103.ml–1 is a drop in milk 2.7 and 1.5% respectively 

Table 9 
scc in the bulk milk and „losses“ of milk per cow and year – data source for meta-analysis

Milk losses scc in bulk milk (103.ml–1)
100 200 300 400 500 600 700 800 900 1,000

%1) 3 6 7 8 9 10 10 11 11 12
kg1) 181 363 454 544 590 635 680 726 748 771
%2) 0 2 4 6 8 10 12 14 16 18

somatic cell count (2012); stiles and rodenburg (2012).
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fig. 2. scc in the bulk milk and a drop in milk production (%) – results of meta-analysis 
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fig. 1. The decrease in milk production per year and 

scc in the bulk milk – results of meta-analysis

about 150 kg of milk. When the economic losses caused by 
mastitis are calculated is usually considered a reduction in 
milk production per occurrence of clinical or subclinical dis-
ease. As can be seen (Table 11) also this figure is character-
ized by considerable variability.

the second part of the “losses” of milk due to mastitis 
is the exclusion of supplies due to treatment with antibiot-
ics. this period takes usually 7 – 8 days with 2 – 3 days for 
drug administration and with following 5 days for protection 
period after their application. the data (table 11) show that 
the decrease in milk yield reached at a relatively wide range 
(200 – 528 kg) on average 342 kg, due to the exclusion of the 
milk from delivery (protection period) 222 kg (39 – 291 kg) 
and total then 639 kg (475 – 640 kg). per one cow of herd 
(health and also mastitis) the nannual “loss” is equal to 85 
kg (71 – 96 kg) of milk when cow mastitis incidence is 15% 
and 225kg (190 – 256 kg) in the presence of mastitis in 40% 
of cows. lower milk sale is the largest economic loss caused 
by mastitis.
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fig. 3. scc in the individual milk samples and a drop in milk production (kg per year) – results of meta-analysis

Table 10 
scc in individual milk samples and lower milk production (kg/cow/year) – data source for meta-analysis

scc
(103.ml–1)

Milk, kg1) 2) scc
(103.ml–1)

Milk, kg1) scc
(103.ml–1) Milk, kg1)

1st lac. 2nd lac. 1st lac. 2nd lac. mean lac.
200 125 183 100 91 181 0 100 181
300 152 241 200 181 434 180 200 363
400 171 284 400 272 544 360 400 544
500 186 314 800 362 726 540 800 726
600 198 342 1 600 434 907 720 1 600 907

exner (2009) raubertas and shook (1982)
stiles and 

rodenburg 
(2012)

schroeder (1997)

1) decrease of milk production (sale) as a result of mastitis; 2) conversion of reported daily losses and a decline in milk 
production for 305 days of lactation (lac.).
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Mastitis and cow culling (herd change)
Milk secretion disorders are usually the second or third 

health cause (after fertility disorders and cases of heavy 
birth) of cow culling. Higher culling (herd change) of cows 
from the herd is usually the second (after lower milk pro-
duction) main cause of economic losses caused by mastitis. 
the proportion of culled cows from the herd because of a 
problem with the mammary gland of the total number of 
cull cows (100%) reported in Germany (or in its federative 
countries) Hachenberg (2013), lKv (2014), Gruisetal. (2004), 
Wolter et al. (1996), Harms (2009) and Wangleret al. (2009) 
between 14.3 and 30.3%, in austria Fürst (2010) 12.2%, in 
england esslemont and Kossaibati (1997) 10.1%, in France 
seegersetal. (1998) 12.4%, in sweden nielsen (2009) 26.0%, 
in new Zealand lacy-Hulbert et al. (2006) 10.4% and in the 
USA Jones (2009) 15.0%. In the CR this value fluctuated in 
the last three years in cows in the milk recording between 9.6 
and 9.1% (Mr, cMscH2012 – 2014).

culling of cows from the herd is usually an effective mea-
sure to eliminate chronic infectious cows. these can be a 
source of infection for their peers in the herd especially dur-
ing milking. this is an effective method because there fall 

on 6 – 8% of dairy cows 40 – 50% of the total number of 
clinical mastitis (Mustafa, 2002) in the herds. When decid-
ing between therapy and cow culling should be considered 
(tischer, 2011) that:

cow was treated more than twice in the course of lactation;• 
there was found three times scc over 700 10• 3.ml–1 in the 
individual daily milk;
there is possible to identify nodules by udder palpation • 
(Staphylococcus aureus);
there are more than two udder quarters infected with • S.  
aureus;
the cow is on higher than third lactation.• 

in addition to these and other factors also revenue from 
sales of carcass cows and price (costs) of heifers which were 
included into herd require consideration and comparison.

Mastitis, veterinary actions and labour consumption
there are veterinary actions and drugs and the costs of 

prevention and treatment of mastitis as part of costs of dairy 
farming. like all others, this item also features a large vari-
ability. it is caused by mastitis occurrence, implemented 
program of prevention and treatment, the type and price of 

Table 11 
The reduction in milk production due to clinical mastitis (kg) – data source for meta-analysis

source, indicator

lower production (sale) of milk, kg 
per mastitis incidence due to per cow of herd at mastitis, %

lower milk 
yield

protect. 
period in total 15 40

reiterer and prünster (2007)2) 425 50 475 71 190
Heber (2013) 200 280 480 72 192
schroeder (1997)1) 455 39 494 74 198
tschischkale and peters (2008) 250 280 530 80 212
Wulf (2009) 250 280 530 80 212
Harms (2009, 2013) 250 286 536 80 214
Mastitis (2008) 260 280 540 81 216
schroeder (2012) 528 75 603 90 241
lührmann (2009, cit. tischer) 352 251 603 90 241
Dyson (2003) 330 291 621 93 248
Mahlkow-nerge et al. (2007) 373 266 639 96 256
tischer (2011) 400 240 640 96 256

lührmann 
(2008) lac. third 

1st (70%) 423 296 719 108 288
2nd (20%) 296 216 512 77 205
3rd (10%) 169 152 321 48 128
in total 373 266 639 96 256

mean 342 222 564 85 225
range (from - to) 200 - 528 39 - 291 475 - 640 71 - 96 190 - 256

cit. tschopp (2010); 1) conversion of recognized loss in eur at the selected price € 0.35 per kg of milk; protect. = protection.
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drugs, vet labour price, etc. portion of veterinary procedures 
and drugs on the economic loss caused by mastitis are usu-
ally presented between 4 and 40%.

among the smaller (and usually reported) losses are in-
cluded the costs for (more) work associated with the mastitis 
treatment (longer milking time, separation of milk which is 
excluded from the delivery, assistance at cow investigation 
and administration of the drugs, herd management, etc.). la-
bour consumption for these activities varies between 1and 4 
hours (lührmann, 2009). average of ten data found in the 
literature corresponds approximately two hours on single oc-
currence of mastitis.

Mastitis and indicators of cow fertility
For a statistically significant effect of mastitis can be con-

sidered indicators of the deterioration of the cattle fertility. 
When mastitis has been detected there were investigated by 
various authors clearly lower pregnancy rates, longer service 
period (sp) and higher insemination index (table 12). With the 
scc increase in the bulk milk from 36 to > 284 103.ml–1 the 
sp and bci extended (by 32 and 33 days), the insemination 
index increased (from 2.87 to 3.28) and milk yield per cow and 
year decreased (table 13). similarly, the individual sccs were 
significantly higher when other reproductive complications in 
dairy cows were detected (Figure 5). illness by mastitis two 
and one week prior to respective one week after insemination 
has resulted in a decrease of chance of cows become pregnant 

by 77 and 73% respectively 52% (elite Magazin, 2009). Mas-
titis infection within 45 days after insemination increases the 
risk of early abortion compared with healthy cow almost three 
fold (Mastitis, 2012). at scc 150, 311 and 1,800 103.ml–1 the 
number of seven- to eight-day live embryos was reduced from 
18 to 6 and 4% (roth et al., 2013).

because fertility disorders of cows affected by mastitis are 
reflected in lower milk production or in higher herd change, 

Table 12 
Influence of mastitis on fertility indicators – data source for meta-analysis

indicator Mastitis source indicator Mastitis sourceno yes no yes

cOra
(%)

461) 381) Kelton et al. (2001)
service period
(days)

85 110 shrick et al. (2001)
63 48 shrick et al. (2001) 88 107 Frago et al. (2004)
63 48 Frago et al. (2004) 92 1172) Klaas et al. (1999)
68 77 shrick et al. (2001)

insem. index
1.6 2.1 Kelton et al. (2001)

73 862) Klaas et al. (1999) 1.6 2.1 Frago et al. (2004)
423) 353) Jahnke et al. (2002) 1.7 2.0 Klaas et al. (1999)

1) within 30 days after insemination; 2) subclinical and acute mastitis; 3) after first insemination (insem.); CORA = conception rate.

Table 13 
scc in the bulk milk sample, fertility indicators and milk yield of cows – data source for meta-analysis

scc 103.ml–1 number of herds sp days bci days insemination index Milk per cow and 
year, kg

< 36 124 137 411 2.87 10 600
< 141 3 293 151 420 3.14   9 978
< 283 4 061 165 435 3.33   9 289
> 284 546 179 444 3.28   8 220

smith (2003) cit. Zieger (2012); sp = service period; bci = between calving interval.
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the majority portion of economic losses is usually already in-
cluded in these items. therefore, the losses of lower fertility 
mostly are not reported.

Mastitis and fat and protein content and TCM in milk
Mostly three of indicators with possible relation to mas-

titis which are regularly investigated in raw milk can have 
direct impact on farmer milk price and on economic results 
of milk production: - the F content; - the p content; the tcM. 
the mastitis incidence (table 14) has in all 11 cases resulted 
in a decrease in F content (approximately by 0.29%) and am-
biguous decrease in p content (by 0.03%).

in tables 15 and 16 there is considered the relationship be-
tween the scc and other indicators of milk quality (F and p 
content, tcM) which were investigated for the purpose of milk 

payment by two sets (B1 and B2). The first includes the results 
obtained by cMscH dairy laboratories for the period 2007 – 
2013, the second than results found in 2013 in the laboratories 
in bavaria for milk from Germany (from 7 bavarian govern-
ment districts and other Germany federal countries), austria, 
poland and the cr (33,350 suppliers). Milk analyzed in bavar-
ia (table 15; b2) has lower scc mean by 29%, higher F and p 
content by 0.19 and 0.07% and lower tcM by 58% than milk 
analyzed in the cr (b1). nevertheless, mean and also maximal 
values   of both sets of indicators meet the requirements of raw 
milk quality (standard csn 57 0529) “with reserve”. relations 
between the SCC and other indicators were significant in both 
groups (P < 0.01; Table 16). According to the regression coeffi-
cients and course of dependencies between indicators (Figures 
6, 7 and 8, table 17) can be estimated that scc increase by 10 

Table 14 
Mastitis and fat and protein in milk (approximate figures) – data source for meta-analysis

source Milk n1) – M2) , % source Milk n1) – M2) , %
fat protein fat protein

thirapatsakun (2008) -0.13 – -0.50 -0.27 schroeder (2012) -0.30 -0.05
blowey and edmondson (2010) -0.17 – -0.50 decr.3) Şonea et al. (2009) -0.40 +0.02
schällibaum (2001) -0.61 x Foss (2002) -0.30 -0.04
Jones and bailey (2009) -0.03 -0.04 Wolter et al. (1996) decr.3) decr.3)

Juozaitiene et al. (2004) -0.33 +0.04 Wendt et al. (1994) decr.3) decr.3)

Kvapilík and Syrůček (2013) -0.40 -0.12 mean (estim.) -0.29 -0.03
1) n = normal milk; 2) M = „mastitis“ milk; 3) considered when calculating the average with a decrease by 0.02% in fat 
content and 0.01% for protein content; decr. = decrease; estim. = estimation.

Table 15 
scc, Tcm, fat and protein in the „monthly“ bulk milk samples – results of meta-analysis

indicator B1 analyses (ČMSCH, a.s.) b2 analyses (Milchprüfring)
mean sd from - to mean sd from - to

scc (103.ml–1) 256 18.8 212 - 296 182 25.2 127 - 298
fat % 4.02 0.11 3.81 - 4.24 4.23 0.12 3.82 - 4.45
protein % 3.38 0.07 3.25 - 3.53 3.45 0.07 3.18 - 3.60
tcM (103.ml–1) 40 6.5 28 - 55 17 1.6 11 - 25
ns1) 84 156

Kopunecz (2014); Milchprüfring bayern e.v. (2014); 1) „monthly“ averages the results of sample analyzes from individual 
suppliers; ns = number of samples; sd = standard deviation.

Table 16 
relations between the scc, fat and protein content and Tcm in bulk milk samples – results of meta-analysis

File Data couples Correlation coefficients (r) between SCC and 
fat protein tcM

b1 84 -0.535** -0.439** +0.510**
b2 156 -0.508** -0.469** +0.630**

**p < 0.01.
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103.ml–1 had at B1 file as result the reduction of F and P content 
by 0.034 and 0.015% and tcM increasing by 1.77 103.ml–1. in 
the B2 file decreased F and P content by 0.022 and 0.015% and 
tcM increased by 0.26 103.ml–1.

conclusion

Direct and indirect production losses are the main basis 
for estimating the economic losses caused by mastitis. their 
amount is usually impossible precisely detected for many 
reasons. therefore, the mean and variability of production 
losses (table 17) are estimated from the data and information 
contained in previous chapters. Due to a number of factors 
that influence production losses which are caused by inflam-
mation of the udder (herd management, animal individual-
ity, breed, order and stage of lactation, age of cow, nutrition 
and feeding, milking and housing, season, type of pathogens, 
etc.), it is necessary to use preferably the indicators identified 
in the evaluated herd or individual cows (cows culling, fertil-

ity, etc.) to estimate the concrete economic losses. When es-
timating the exact unobservable characteristics (for instance 
about decrease in milk yield) it must be take into account the 
conditions and results of a particular herd of cows.

the aim of paper was to assess production losses and esti-
mate the economic losses caused by mastitis. evaluation meta-
analysis method validated using literature data. it can provide a 
higher explanatory power compared to the original data. How-
ever, on the other hand, literary sources include considerable 
variability in production conditions. this is balanced by car-
ried out   generalization seemingly. the mentioned fact is also 
necessary to take into account. then such material can be used 
to increase efficiency of practical arguments for material sup-
port of prevention of production diseases in dairy cows.
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Table 17 
The estimation of production losses caused by mastitis – results of meta-analysis

indicator Kind of loss loss
unit mean variability

milk
(clinical mastitis)

lower milk yield per mastitis 
occurrence
(kg of milk)

350 200 – 500
exclusion of milk from delivery1) 200 50 – 300

milk loss in total 550 250 – 800

bulk milk (scc) lower milk yield 
at scc (103.ml–1) 

200 – 300
per occurrence

(milk, %)

2 1 – 4
301 – 400 4 3 – 6
401 – 600 6 5 – 8

601 – 1 000 9 6 – 18

individual cow 
milk (scc)

lower milk yield 
at scc (103.ml–1) 

100 – 300
per mastitis 
occurrence
(kg of milk)

150 0 – 300
301 – 500 350 200 – 450
501 – 700 450 300 – 600
701 – 900 600 400 – 750
over 900 800 500 – 1 000

culling and fertility
(cow herd)

higher herd change cows/100 cows 5 0 – 10
longer sp and bci per occur. (days) 15 0 – 25

higher insemination index per occurrence and 
cow herd

0.3 0 – 0.5
worse cOra (%) 10 2 – 15

bulk milk 
(components)

lower milk fat content
per 10 103.ml–1   scc2)    

(%3), 103.ml–1 4))

0.025 0.005 – 0.04
lower milk protein content 0.015 0 – 0.03

higher tcM in milk 0.75 0.25 – 1.8
lower milk fat content per mastitis 

occurrence (%)
0.3 0.03 – 0.5

lower milk protein content 0.03 +0.04 – 0.27
labour higher consumption per cow5) (hour) 2 1 – 4

various authors, own calculations (estimation); 1) protection period for antibiotic treatment; 2) in scc range from 100 to 
300 103.ml–1; 3) for fat and protein; 4) for tMc; 5) with mastitis; occur. = occurrence.
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counts in cow ś milk as influenced by some internal and exter-
nal factors. Živoc. Výr. / Czech J. Anim. Sci., 36 (4): 303-311.

harms, J., 2013. Betriebswirtschaftliche Aspekte zur Euterge-
sundheit und Vorstellung eines neuen Forschungsprojektes. 
www.lkv-mv.de/formulare/aMs_2_Feb2013.pdf

harms, J., 2009. Ökonomische und produktionstechnische Ana-
lyse der Milchproduktion und Färsenaufzucht. in: landesfor-
schungsanstalt für landwirtschaft und Fischerei Mecklenburg-
vorpommern, Jahresbericht, Forschungsnummer 1/18.

heber, i., 2013. Investitionen in die Tiergesundheit…. was darf sie 
kosten? in: sächsischer Milchrindtag, Groitzsch. http://www.land-
wirtschaft.sachsen.de/landwirtschaft/ download/ ingo_Heber.pdf

Jahnke, B., J. wolf and e. kobus, 2002. Sicherung einer guten 
Fruchtbarkeit in Hochleistungsherden. in: Forschungsbericht 
nr. 30/04/31/96/01. institut fuer tierproduktion Dummerstorf.

Jones, G. m., 2009. Guidelines to Culling Cows with Mastitis. in: 
Milk Quality & Milking Management, virginia tech.

Jones, G. m. and T. l. Bailey, 2009. Understanding the basics of 
mastitis.in: virginia cooperative extension: 1-5: 404-233.

Juozaitiene, V., a. Zakas and a. Juozaitis, 2004. relationship of 
somatic cell count with milk yield and composition in the herds 
of black and White cattle. Med. Weter., 60: 701-704.

kelton, d., c. petersson, k. leslie and d. hansen, 2001. As-
sociations between clinical mastitis and pregnancy on Ontario 
dairy farms. in proceedings of the 2nd international symposium 
on Mastitis and Milk Quality: pp. 200-202.

klaas, i., u. wessels, h. rothfub and e. schallenberger, 1999. 
Fruchtbarkeitsstörungen und Mastitis. Bauernblatt,20: 46-47.

kopunecz, p., 2014. survey of purchased milk quality results for 
2013. in: cMscH, a. s.http://www.cmsch.cz/prehledy-vysled-
ku-kvality-nakupovaneho-mleka-za-rok-2013/



J. Kvapilik, O. Hanus, J. Syrucek, M. Vyletelova-Klimesova and P. Roubal1496

krömker, V., 2010. Gesunde Euter – gesunde Milch. Euterge-
sundheit – Massnahmen zur Mastitisbekämpfung. in: intervet 
Deutschland GmbH, 35.

krömker, V. and f. pfannenschmidt, 2005. Zur Inzidenz klini-
scher Mastitiden und ihrer Therapie in Milchviehbetrieben des 
ökologischen Landbaus.in: poster presented at 8. Wissenschafts-
tagung Ökologischer landbau - ende der nische, Kassel.

ku, 2014: Results of milk recording 2012 – 2013. in: results of 
milk recording. annual cMscH, a.s. 

kudi, a. c., m. p. Bray and a. T. niba, 2009. Mastitis causing 
pathogens within the dairy cattle environment. Faculty of sci-
ence, school of biological sciences, university of plymouth 
Drake circus, plymouth, Devon pl 4 8aa, united Kingdom. 
Int. J. Biol., 1(1): January 2009.

kvapilík, J. and J. syrùcek, 2013. somatic cell count and other 
milk quality indicators. Mlékarské listy, 24 (137): 10-15.

lacy-hulbert, J., B. franks, d. hawkins, et al., 2006. The cost 
of mastitis. in: Dairy insight research 2005/2006, Final report. 

lkV, 2014. Gesundheitsmonitoring Rind in Baden-Württemberg. 
in: Zucht- und Herdenmanagement mit gesünderen tieren. 
http://www.lkvbw.de/lkv_gmon.html 

lührmann, B., 2008. Erkrankungen bei Milchkühen – was ko-
stet eine Mastitis? in: landwirtschaftskammer niedersachsen. 
http://www.lwk-niedersachsen.de/

lührmann, B., 2009. Was kostet eine Mastitis? in: eutergesund-
heit – chancen in der Krise. rinder-Gesundheitstag, Giessen, 18: 
13-17.

mahlkow-nerge, k., m. Tischer and r. Tschischkale, 2007. 
agroconcept GmbH clemens-august-str. 12-14, 53115 bonn, 
isbn 978-3-9810575-5-3: 174.

maier, k., 2006. Beziehungen zwischen Klauen- und Euterge-
sundheit bei Hochleistungsmilchkühen. in: Diss., tierärztliche 
Hochschule Hannover, 181.

matitis, 2008. Dippen Sie schon? So bekämpfen Sie eine Mastitis 
effektiv. in: landwirt,7/2008: 6-7. http://www.orgenda.de/pro-
duktorder/themen.asp?sgfid=5&prk=SLA&typ=jahr&j=2008

milchprüfring Bayern e.V., 2014. Informationen und Statistiken. 
https://www.mpr-bayern.de/

mitev, J., Z. Gergovska, T. miteva and T. penev, 2011. Influence 
of lameness on daily milk yield, lactation curve and body con-
dition score during lactation in black-and White cows. Bulg. J. 
Agric. Sci., 17 (5): 704-711.

morin, d. e., r. d. shanks and G. c. mccoy, 1998. Effectiveness 
of Antibiotic Therapy for Treatment of Clinical Mastitis. in: il-
linoi Dairynet papers.

mustafa, a., 2002. Mastitis in dairy cows. in: Dairy cattle pro-
duction 342-450a. MacDonald campus of Mcgill university, 
Faculty of agricultural & environmental sciences, Department 
of animal science.

national mastitis council, 2001. Guidelines on normal and ab-
normal raw milk based on SCC and signs of clinical mastitis.  

neike, e., 2007. Neue Möglichkeiten des Trockenstellens. Pfizer. 
http://www.lkv-mv.de/formulare/ft23_3.pdf

nielsen, ch., 2009. Economic impact of mastitis in dairy cows.
in: Diss. (sammanfattning/summary) uppsala: sveriges lant-

bruksuniv., acta universitatis agriculturae sueciae, 1652-6880, 
isbn 978-91-86195-76-2: 29.

raubertas, J. and G. shook, 1982. relationship between lactation 
measures of scc and milk yield. J. Dairy Sci., 65: 419-425.

reiterer, r. and T. prünster, 2007. Eutergesundheit. in: beruf-
ausbildung, bergbauernberatung. provinz bozaen – südtirol: 
40.

riekerink, r. G. m. o., h. w. Barkema, d. f. kelton and d. 
T. scholl, 2008. incidence rate of clinical mastitis on canadian 
dairy farms. J. Dairy Sci., 91: 1366-1377.

roth, Z., a. dvir, d. kalo, y. lavon, o. krifucks, d. wolfenson 
and G. leitnert, 2013. naturally occurring mastitis disrupts 
developmental competence of bovine oocytes. J. Dairy Sci., 96 
(10): 6499-6505.

sargeant, J. m., h. m. scott, k. e. leslie et al., 1998. clinical 
mastitis in dairy cattle in Ontario: Frequency of occurrence and 
bacteriological isolations. Can. Vet. J., 39: 289-296.

seegers, h., f. Beaudeau, c. fourichon and n. Bareille, 1998. 
reasons for culling in French Holstein cows. Prev. Vet. Med., 
36: 257-271.

schällibaum, m., 2001. Impact of SCC on the quality of fluid 
milk and cheese. in: national Mastitis council, inc. 40th annual 
Meeting proceedings: pp. 38-46.

schrick, f. n., m. e. hockett, a. m. saxton, m. J. lewis, h. h. 
dowlen and s. p. oliver, 2001. Influence of subclinical mastitis 
during early lactation on reproductive parameters. J. Dairy Sci., 
84: 1407-1412.

schroeder, J. w., 1997. Bovine Mastitis and Milking Management. 
in: north Dakota state university extension service, april.

schroeder, J. w., 2012. Mastitis control programs.Bovine mastitis 
and milking management. in: extension Dairy specialist. http://
www.ag.ndsu.edu/pubs/ansci/dairy/as1129.pdf

siepelmeyer, f. J., 2011. bestandsproblem Mastitis. behandlungs- 
und sanierungskonzepte aus der praxis. https://www.yumpu.
com/de/mastitiden

stiles, r. and J. rodenburg, 2012. Bulk Tank Somatic Cell Counts. 
in: Factsheet, issn 1198-712X, Dairy Farmers of Ontario.

somatic cell count (scc), 2012. Dairy Farmers of Ontario. ht-
tps://www.milk.org/corporate/view.aspx?content=Farmers/so-
maticcellcount

sonea, c., d. colceri and V. Bãcilã, 2009. research on sublini-
cal mastitis effect on milk quality. Lucrãri Stiinþifice Zootehnie 
Biotehnol., 42: 337-340.

steeneveld, w., h. hoqeveen, h. w. Barkema et al., 2008. the 
Influence of Cow Factors on the Incidence of Clinical Mastitis 
in Dairy cows. J. Dairy Sci., 91 (4): 1391-1402.

Thirapatsakun, T., 2008. Mastitis management, somatic cells.
http://www.ilri.org/infoserv/ Webpub/ fulldocs/smHDairy/
chap17.html

Tiergesundheit, a. G., 2007. Eutergesundheit als Bestandesprob-
lem.http://www.ag-fuer-tiergesundheit.ch/

Tischer, m., 2011. Strategische Mastitisbekämpfung in der Praxis. 
in: seminar, Zucht auf eutergesundheit beim rind“.

Tschischkale, r. and T. peters, 2008. Akute Mastitis des Rindes. 
in: tiergesundheit und mehr, 3: 9-11



The Economic Importance оf The Losses оf Cow Milk Due to Mastitis: A Meta-Analysis 1497

Tschopp, a., 2010. eine neuartiges Kombi-Konzept zur Mastitis-
bekämpfung. In: Pfizer AG Zürich. http://www.pfizer.ch/

Varlyakov, i., T. penev, J. mitev, T. miteva, k. uzunova and Z. Ger-
govska, 2012. effect of lameness on the behavior of dairy cows under 
intensive production systems. Bulg. J. Agric. Sci., 18 (1): 125-132.

wangler, a, J. harms, et al., 2008. analyse der abgangsursachen 
in ausgewählten Milchviehbetrieben Mecklenburg-vorpom-
merns unter einbeziehung einzeltierbezogener behandlungen 
und leistungen. in: Forschungsbericht, landesforschungsan-
stalt für landwirtschaft und Fischerei Mecklenburg-vorpom-
mern, institut für tierproduktion.

wendt, k. et al., 1994. Zu hoher Zellgehalt in der Herdensam-
melmilch - wie kann geholfen werden? in: aG Melken und 
Melktechnik unter Mitarbeit, Wissenschaftlichen Gesellschaft 
der Milcherzeugerberater e.v.

western canadians dairy herd improvement services, 2013. 
Somatic cells count. http://www.agromedia.ca/aDM_articles/
content/dhi_scc.pdf

whitaker, d. a., a. i. macrae and e. Burrough, 2004. Disposal 
and disease rates in british dairy herds between april 1998 and 
March 2002. Vet. Rec., 155: 43-47.

winter, p., 2008. Gesunde euter – Kriterien und voraussetzungen. 
in: Zuchtdata – seminar „Die robuste Kuh“ des ausschusses 
für Genetik der Zar: pp. 53-59.

wolter, w. and B. kloppert, 2002. Mastitiden zu Beginn des Lak-
tationsstarts - Färsenmastitis. in: staatliches untersuchung-
samt Hessen, Giessen.

wolter, w,. B.kloppert and m. Zschock, 1996. Eutergsund-
heitssituation in Hessischen Milcherzeugerbetrieben. in: 37. 
arbeitstagung des arbeitsgebietes lebensmittelhygiene der 
DvG. Gamisch-partenkirchen.

wulf, B., 2009. Mastitis – entstehung, verhütung und prophylaxe 
der euterentzündung beim rind. in: artikel aus der rund ums 
rind, ausgabe 01/2009, Holm & laue Milchhygiene.

yilmaz, h. and a. koc, 2013. a research on milk yield, persist-
ency, milk constituents and somatic cell count of red Holstein 
cows reised under mediterranean climatic conditions. Bulg. J. 
Agric. Sci., 19 (6): 1401-1407.

Zieger, p., 2012. Subklinische Erkrankungen – die heimlichen Pro-
fitkiller. in: tierärztetagung raumberg – Gumpenstein.

Zmp, 2012.Milchbewegt. Zellzahl. http://melkberatung.jimdo.com/
zellzahl/

Received February, 12, 2014; accepted for printing October, 2, 2014.


