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Abstract: The present field study was conducted to investigate the factors that influence the udder health

status of dairy cows in Thuringia-Germany. 64542 udder quarter and composite milk samples from 10741

dairy cows in 48 dairy farms were collected and subjected to microbiological investigations. The study

found that the prevalence of the infection was 27.57% of the quarters and depending on the number of

the affected quarters infection was detected in 77.21% of the animals. It was also found that 49.66%

of the samples from the whole udder were positive. S. aureus and CNS were most frequently isolated

contagious pathogens with an udder and quarter prevalence of 28.70/35.50% and 26.60/32.70%,

respectively. Infection rate was higher in primi-parous cows and lower in multi-parous cows (1.32 and

1.24, respectively), whereas somatic cell count (SCC) was lower early in the lactation (4.85) and

increased thereafter to reach 4.96 in the late stage of lactation. Management and hygienic factors were

significantly influenced SCC and infection rate. 

Keywords: Infection rate, SCC, contagious pathogens, environmental pathogens, management factors,

hygienic factors. 

INTRODUCTION

Mastitis is the most important disease of the dairy

cow causing economic losses due to non-marketable

milk, reduced milk yield, increase labour costs and

reduced longevity. Additionally, the welfare of the cow

itself is threatened by the disease. The risk of

suffering from the disease is determined by the

following factors: 

C The pathogen with its aggressiveness.

C The host (cow), its genetically determined

resistance and its acquired immunity.

It is important to note that usually only clinical

cases of mastitis are recorded if any recording takes

place at all. However sub-clinical mastitis already is

causing economic losses and affects the cow's welfare.

Data on sub-clinical mastitis can only be collected if

bacteriological analyses of milk samples are carried

out. This is usually not undertaken on a routine basis

or on a larger scale. In the present study, a relatively

larger data set on bacteriological analyses could be

analyzed with respect to possible interaction between

environmental factors, bacteriological findings and

lactation somatic cell score. Other studies showed that

Milk cell count has been used extensively as an

indicator  of  the infectious status of the mammary

gland .  The  German  Veterinary Medicine[9]

Association  categorized the udder health status as[8]

shown in table 1a.

The legal maximum bulk tank SCC is lower in

other dairy exporting countries than USA . Canada[17]

has a limit of 500x10  cells/ml, in the European Union3

community, Norway, Switzerland, Australia and New

Zealand the maximum bulk tank SCC is 400x103

cells/ml. In those countries, SCC is calculated as a

geometric mean of successive milk shipments over

several weeks, therefore, it is expected to be lower

than arithmetic mean . Clinical mastitis is defined as[16]

an infection of the udder that results in visible changes

in the udder quarter and milk , may it be acute, sub[12]

acute or chronic. Peeler  found a mean incidence rate11

of clinical mastitis of 22.8 cases per 100 cows/year in

U.K. Rupp  stated that without clinical signs of[13]

mastitis during the first month of lactation and with a

first test day a SCC lower than 400x10  cells/ml. they3

also claimed that the risk of first clinical mastitis was

highest around the second calving in lactation starting

in summer and for high-yielding cows.
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MATERIALS AND METHODS

Data included 48 large-scale dairy farms from the

state of Thuringia-Germany that supplied milk samples

from 10741 cows with emphasis on cows in their first

lactation. A total of 64542 samples were collected of

which 56960 were quarter samples and 7582 were

whole milk  samples.  Additional information on the

cows (milk yield, birth and calving dates, test-day

SCC, farm number, animal herd-book number, sire

herd-book number, dam herd-book number, date of

calving and lactation number) was supplied by central

data bank (VIT), Verden-Germany, and further data on

herd conditions were obtained using a questionnaire.

Data was analyzed applying generalized least-

square methods with linear models for the analysis of

SCC and milk yields. Logistic regression was

performed for the intra-mammary infection rate.

Factors included in the models can only be

summarized here as they differed between various

types of analyses. The 'usual' factors like age at first

calving, lactation number, season of calving were

included along with factors describing farm conditions

as derived from the questionnaire. In the linear

models, the cow effect was included to account for the

cow's genetic effect and for the permanent environment

associated with each individual cow. All statistical

analyses were performed with the assistance of SAS14

computer-programm.

RESULTS AND DISCUSSIONS

Mastitis pathogens were found in 27.56% of all

quarter milk samples, in 49.66% of whole-udder cow

milk samples and in 77.22% of all cows.

Table 1b displays the frequencies of the pathogens

found in the quarter samples. Most important

pathogens are Staphylococcus aureus (S. aureus) and

Coagulase Negative Staphylococci (CNS), while other

pathogens, especially the environmentally associated

pathogens played a lesser role. S. aureus infections

commonly are reported the main cause of mastitis in

dairy herds.

As lactation SCC were matched with lactations in

which the sample for bacteriological analysis was

taken, data could be used to analyse relationships

between these two characteristics. A result is displayed

in Table 2 in relation to the lactation number.

Cell counts increased with the lactation number

and were higher when contagious pathogens had been

found than when the pathogens were environmental.

Cell counts for lactations with environmental pathogens

did  not  differ  greatly  from those with 

Table 1a: Categorization of udder health status (DVG )8

Pathogenic organisms

Cell count per --------------------------------------------------------

ml milk Negative Positive

< 100x10 Normal secretion latent infection3

> 100x10 Non-specific mastitis mastitis3

Table 1b: Frequency of pathogens found in quarter samples and

their classification

Pathogen Frequency (%) Classified as

S. aureus 35.5 Contagious

CNS 32.7 Contagious

Str. dysgalactia 10.6 Environmental

Other environmental strep. 9 Environmental

E. coli 3.6 Environmental

Str. agalactiae 2.4 Contagious

C. bovis 1.1 Contagious

Others 5.1 Environmental

10Table 2: LS-Means (and SE) of log  lactation SCC in relation to

the class of pathogens and lactation number

Lactation Contagious Environmental Negative

1 4.57±0.03 4.42±0.04 4.37±0.02

2 4.81±0.04 4.81±0.05 4.56±0.02

3 5.26±0.04 4.97±0.06 4.97±0.03

3< 5.51±0.05 5.10±0.07 5.17±0.03

Fig. 1: LS-Means  (and  SE)  of log10 lactation

SCC in  relation  to the class of pathogens

and herd size.

negative bacteriological findings, this especially true

for later lactations.

Table 3 presents the frequencies of bacteriological

positive findings, stratified according to  the

classification as given in Table 1b, in relation to the

herd size. As herd sizes increase, the importance of

environmental pathogens is increasing. T his

relationship more clearly is also reflected in Figure 1,

where cell counts and associated bacteriological

findings are plotted against classes of herd size.
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Table 3: Frequency (%) of bacteriological positive findings in relation to the herd size

Contagious (%) Environmental (%)

Herd size No. / (%) ------------------------------------------------ -----------------------------------------------------

(No. of cows) positive samples Per samples Per pathogen total Per samples Per pathogen total

< 200 1708 (33.70) 25.32 75.12 8.38 24.88

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

200-400 1897 (23.91) 17.76 74.64 6.06 25.36

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

400-800 7908 (29.56) 19.6 66.42 9.96 33.58

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

> 800 7851 (32.20) 23.36 72.54 10.11 27.52

10Table 4: LS-Means (and SE) of log  SCC in relation to the class of pathogens and disinfection of milking cluster between milkings 

Disinfection between milkings Contagious Environmental Negative

Yes 4.35±0.13-5.14±0.03 4.27±0.12-4.68±0.05 4.01±0.32±4.66±0.02

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

No 5.22±0.03 5.07±0.02 5.04±0.06

10Table 5: LS-Means (and SE) of log  SCC in relation to the class

of pathogens and use of teat disinfection (dipping)

Teat disinfection Contagious Environmental Negative

Yes 5.06±0.02 4.83±0.03 4.75±0.01

No 5.19±0.03 5.12±0.02 5.00±0.07

Cell counts decrease with increasing herd size and

the difference in cell counts between lactations with

contagious pathogens and those with environmental

pathogen is decreasing. The reason for this most likely

are found in differences of hygiene management

between smaller and larger farms. Farms with good

management  measures  against  contagious  pathogens

commonly suffer relatively more from environmental

pathogens.

In Table 4, various measures of disinfection of

milking cluster between milkings are grouped together

into the "yes" category. The range for the different

measures is given. Disinfection measures appear to be

effective in lowering cell counts, again more

pronounced when contagious pathogens play a role at

which such measures are aimed. In contrast, dipping

of teats is aimed at reducing environmental caused

infections. This is illustrated in Table 5 where a

substantial reduction of cell counts for lactations with

environmental pathogens is achieved and the reduction

of cell counts for lactations with contagious pathogens

is relatively small.

One  way  to  group  hygienic  measurements is

to differentiate between moist and dry methods. This

Is  done  in  Figure  2. Although relatively high

standard errors are present, a clear trend in favour of

dry methods is visible.

Discussion and Conclusion: In most countries around

the world, somatic cell count is used as an indicator

Fig. 2: LS-Means (and SE) of log10 SCC in relation

to the class of pathogens and moist or dry

udder cleaning 

of mastitis, as was stated in the studies of

Caraviello , and Thurmond  who stated that[3] [18]

infection can be detected by an increase in the somatic

cell count (SCC) per ml of milk. 

However, the relationship between SCC and

bacteriological findings reveals that the relationship

between the two characteristics is far from being close.

This is especially true for environmental caused

mastitis. From the literature, many authors have

investigated these relationships, especially the work of

Carvalho  and De Hass . And this is true also for[4] [5,6,7]

a group of researchers who indicated that the SCC is

not exclusively influenced by intra-mammary infection.

Other non-infectious factors (animal’s age, lactation

stage, breed, measurement equipment, and fraction of

milk  sample)  might have also a moderate

impact . The findings of these groups match well[2,1,10,15]

with results from this study, e.g. the fact that E. coli
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infections only result in short peaks of cell counts

within the lactation and thus lactation average cell

counts are lower for environmentally caused mastitis.

The result from this research project may be taken as

information to be used in extension services, especially

when counseling large dairy farms. 
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