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Introduction

Mastitis is a common disease that has a significant impact on the health, well-being, milk yield,
and milk quality of dairy cattle (Le Roux et al., 2003; von Keyserlingk et al., 2009). It causes
significant financial losses for dairy farmers worldwide (Nielsen, 2009; Gongalves et al., 2018;
Hogeveen et al., 2019).

When a quarter had clinical mastitis, it will most commonly be treated with antimicrobials (Afifi et
al., 2018). However, the use of antimicrobials also correlates with antimicrobial resistance and can
cause residues in the milk, which is undesirable. To combat upcoming antimicrobial-resistant
pathogens, initiatives are currently being put forward to lower antimicrobial usage in animal
husbandry (Bhutto et al.,, 2011). There is an increasing demand for non-antimicrobial,
management-based options to lower infection risks.

Intramammary infections (IMI) can cause mastitis. To assess whether a quarter is infected, a
microbiological culture can be used. Likewise, a MALDI-TOF test can be undertaken to identify
the pathogen. For risk analysis, identifying pathogens is essential to distinguish infection patterns.

Classically, two different types of pathogens can be identified according to their route of
transmission, namely contagious and environmental pathogens (Smith et al., 1985; Smith and
Hogan, 1993; Klaas and Zadoks, 2018). Contagious pathogens transmit from cow to cow directly,
primarily via milking procedures. Environmental pathogens infect cows through the environment,
for example from the bedding or manure. In order to reduce the prevalence of both pathogen
types, different measures need to be taken. This means influencing the transmission during
milking procedures by using effective methods to disinfect and lower the transmission for
contagious pathogens. With environmental pathogens, the infection rate can be reduced by having
a clean environment.

For assessing the herd's health, it is imperative to use the correct methods. A commonly used
method to monitor udder health is somatic cell counts (SCC). SCC are the number of somatic cells
in milk and is positively associated with the prevalence of IMI (Wenz et al., 2007; Kelly et al., 2009;
Ruegg and Pantoja, 2013). As a measure of herd health, the bulk tank SCC (BMTSCC) is used
which is the pooled mean of the SCC of all cows in the herd. Farmers can earn more profit when
their BMTSCC is lower because of fewer milk production losses and an increased price for the
milk from the buyer. This means that when the herd's udder health is low, the revenue will also be
lower (Kirkeby et al., 2016). Thus, dairy farmers want to have a healthier herd, supplying a lower
BMTSCC.

Outside of management factors, the cow's cleanliness and its environment are said to influence
the prevalence of IMI. To measure the cleanliness of the cow, the hygiene score can be used
(Cook and Reinemann, 2007). It has been shown that a higher hygiene score is correlated with a
high SCC and BMTSCC (Schreiner and Ruegg, 2003; DeVries et al., 2012).

Several management strategies exist during the milking procedure to reduce the infection risk.
Both cleaning the teats and pre and post milking disinfection are effective in lowering the bulk tank
SCC (Barkema et al., 1998; Godden et al., 2016; Fitzpatrick et al., 2021). These practices are
recommended by the National Mastitis Council (NMC) and thus often implemented by farmers
worldwide (National Mastitis Council, 2013). Where pre milking disinfection mainly targets the rate
of infection of environmental pathogens, post milking disinfection is more effective for lowering
contagious pathogens' infection risk.



Two main routes of post milking disinfection are most commonly used, namely spray and dip
disinfection (Blowey and Edmondson, 1996). With spray disinfection, the teats and udder get
sprayed with a germicidal solution in which the teats need to be entirely covered by the product
for maximum efficacy. The dip method uses a cup containing a germicidal solution in which the
teat get dipped in. This has a higher success rate, as it is harder not to cover the teat sufficiently.
Both spray and dip disinfection are accepted by the NMC (National Mastitis Council, 2013).
However, the product used must be used correctly and have a high efficacy.

No assessment of whether a difference can be found between different disinfection methods and
what other factors are most influential on the prevalence of IMI and different pathogens has been
made, as well as an assessment on whether currently used management options are effective.
Additionally, the quality of indicators of udder health, for example the BMTSCC and hygiene score
can be assessed. This study aims to assess the comparative efficacy of disinfecting milking
procedures and the influence of herd characteristics on the prevalence of culture-negative
guarters and environmental and contagious pathogens. Coming to the three research questions:

1. Which factors have an impact on the fraction of culture-negative quarters per herd?

2. Which factors have an impact on the average number of contagious pathogens per
quarter?

3. Which factors have an impact on the average number of environmental pathogens per
quarter?



Materials and methods

Data

From August 2019 to December 2020, a survey among Danish dairy farms (n=88) was conducted.
One part of the on-farm data collection was an interview done by one investigator. Here questions
were asked about management factors, including milking practices, the method of applying
disinfection products, and the BMTSCC. All different outcomes for the categorical variables are
summarized in Table 1.

Table 1: the categorical variables and the treatment used

Variable Category
Pre milking sanitation Foam cup
Foam gun
Soap spray
Teat scrubber
Nothing
Post milking disinfection Dip cup
Spray gun
Other
Nothing
Prewash Dip
Spray
Other
Nothing
Cow SCC status Chronic inflammation
New inflammation

Additionally, 25 cows of each herd were tested for IMI by MALDI-TOF, providing pathogen-specific
prevalence data at quarter level. These cows were randomly selected from two groups, those that
are chronically inflamed and those that are newly inflamed. Where the chronically inflamed cows
had a SCC of 200,000 cells/ml or higher at the current and previous measurement, the newly
inflamed cows had a SCC that was lower than 200,000 cells/ml at the previous measurement
while the current one was higher than 200,000 cells/ml. IMI was defined by the presence of
bacteria in the quarter milk sample, as diagnosed by microbiology. Quarter milk samples with three
or more different pathogens were defined as contaminated and discarded. Non-inflamed quarters
were classified as culture-negative. Consecutively, all pathogens were categorized into two
groups, environmental and contagious. From a literature study, Staphylococcus aureus,
Streptococcus agalactiae, Streptococcus dysgalactiae and Corynebacterium bovis were defined
contagious pathogens (Fox and Gay, 1993). Other pathogens found were classified as
environmental, except for cases where its real classification was unclear from literature. Then
these were excluded from the analysis.

The number of IMI caused by contagious/environmental pathogens or the number of culture-
negative quarters per SCC group within each herd were summed and divided by the total number



of sampled quarters per herd, to hormalize the data, leaving a fraction of pathogens per quarter
present or fraction of culture-negative quarters per SCC group for each herd. These were
separately analyzed for culture-negative, environmental and contagious pathogens.

Furthermore, the hygiene score was assessed by one person on all farms using the methods
described by Cook and Reinemann (2007). The udder was scored on a scale from 1 until 4. Where
1 represents a clean or minimally dirty udder, 2 is a bit of dirt, 3 has a cover of mostly dirt and, 4
is completely covered in dirt. When possible, all lactating cows in the herd were assessed. The
average hygiene score was calculated by averaging all hygiene scores of all cows within a herd.

Using the package “hydroTSM” (Zambrano-Bigiarini, 2020) the dates of the visits were collected
and categorized into seasons. Where winter was defined as December, January and February,
spring is March, April and May, summer is June, July and August, and autumn is September,
October and November.

Statistics
The statistical analysis was carried out using R (R Core Team, 2021). At first, normality was
assessed for all continuous variables. This was done by both making a qqg-plot of the variables
and running a Shapiro-Wilk test. Here a p-value of 0.05 or lower indicated an issue with assuming
normality and warranted a non-parametric test. None of the response variables were normally
distributed.

A linear mixed model was used to assess effects of the explanatory variables on the response
variable using the Ime4 (Bates et al., 2015) and ImerTest (Kuznetsova et al., 2017) packages in
R. Where the model was built up like this:

Response variable = Intercept + f1xq + 2% + f3x3 + -+ 7y + error

Three separate models were made, each with the same explanatory variables and random effect,
but a different response variable. The three different response variables were: fraction of
environmental pathogens per quarter present, fraction of contagious pathogens per quarter
present or fraction of culture-negative quarters per SCC group for each herd. The explanatory
variables were: prewash, pre milking sanitation, post milking sanitation, herd size, BMTSCC, mean
hygiene score, season and the cow SCC status. Because two different fractions were present per
herd, one for newly inflamed and one for chronically inflamed cows, a random effect for herd was
added to all models. Using a backwards elimination procedure, the model was decreased until all
variables were significantly contributing to the model. The different models were compared using
the anova function from R. Giving whether significant differences could be found between the
models.

Finally, boxplots were made in R using the package ggplot2 (Wickham, 2016).



Results

In Table 2, the characteristics of the variables used in the analyses are described. Missing data
was present for the variables herd size, hygiene score, pre milking sanitation and BMTSCC (6,
10, 4 and 6 missing values, respectively). Overall, 65 herds were analyzed, with an average herd
size of 344 cows (Table 2). The most commonly used treatments in prewashing, pre milking
sanitation and post milking sanitation were dip (n=33), foam cup (n=35) and dip cup (n=40),
respectively. Most pathogens were environmental compared to contagious pathogens (Table 2
and Figure 1). About the same numbers of cows were chronically inflamed as newly inflamed
(n=944 and 865, respectively).

Table 2: The means or number of herds per factor per variable.

Variable N Mean
herds
Herd size 65 344
Hygiene score 2.01
Prewashing Dip 33
Spray 17
Other 1
Nothing 14
Pre milking sanitation Foam cup 35
Soap spray 13
Teat scrubber 2
Nothing 15
Post milking disinfection  Dip cup 40
Spray gun 17
Other 1
Nothing 7
Season Winter 13
Spring 12
Summer 15
Autumn 25
Bulk tank SCC 125.9
(x1,000cells/mL)
Infection type? Contagious 0.141
Environmental 0.733
Culture-negative 0.126
Status cow (%) Chronically inflamed 52.2
Newly inflamed 47.8

1: Total number of contagious/environmental IMIs or culture-negative quarters per herd divided by the sampled number of
quarters per herd

The within-herd prevalence of contagious pathogens was higher in the group of chronically
inflamed cows compared to the newly inflamed group (Figure 1). No real difference was present
between chronically and newly inflamed cows and the herd level prevalence of environmental
pathogens per quarter. The within-herd prevalence of culture-negative quarters was lower in the
group of chronically inflamed cows compared to the newly inflamed group.
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Figure 1: The average number of pathogens or culture-negative quarters, by the SCC status of the cow.

Culture-negative quarters

The fraction of culture-negative quarters within the herd was lower in chronically inflamed cows
compared to newly inflamed cows (Table 3). Additionally, the fraction of culture-negative quarters
within the herd was lower in autumn compared to spring.

Table 3:The results of the mixed linear model of risk factors for the within-herd prevalence of culture-negative quarters.

B Std. Error t value p-value
Intercept 0.06 0.01 8.43 4.85E-13*
Cow SCC status Chronic -0.03 0.01 -4.47 3.27E-05*
Newly inflamed Reference
Season Spring 0.04 0.01 3.43 1.04E-03*
Summer 0.02 0.01 1.63 0.11
Winter 0.01 0.01 0.49 0.62
Autumn Reference

Contagious pathogens

The use of “other” post milking teat disinfection methods was associated with a higher fraction of
contagious pathogens per quarter within the herd compared to doing nothing (Table 4). A higher
within-herd fraction of contagious pathogens per quarter within the herd was seen among the
chronically inflamed cows in a herd compared to the newly inflamed cows.



Table 4:The results of the mixed linear model of risk factors for the within-herd prevalence of contagious pathogens.

B
Intercept 0.04
Post milking treatment  Dip cup 0.01
Other 0.11
Spray gun 0.04
Nothing Reference
Status cow Chronically inflamed 0.03
Newly inflamed Reference

Environmental pathogens

Std.
0.02
0.02
0.06
0.02

0.01

Error

t value p-value

1.96 0.05
0.31 0.76
2.02 0.05*
1.72 0.09
2.88 0.01*

The use of a spray gun for post milking teat disinfection was associated with a lower fraction of
environmental pathogens per quarter within the herd compared to doing nothing (Table 5).

Table 5: The results of the mixed linear model of risk factors for the within-herd prevalence with environmental

pathogens.
B Std. Error
Intercept 0.84 0.05
Post milking treatment = Dip cup -0.10 0.05
Other -0.27 0.14
Spray gun  -0.15 0.06
Nothing Reference

Other predictor variables

t value

17.11
-1.84
-1.92
-2.53

p-value
<2e-16*
0.07
0.06
0.01*

In the analysis, no effect of the BMTSCC on the fraction of quarters that were inflamed could be
found (Figure 2). Most herds had a BMTSCC of 200,000 cells/ml or less (56/64, 87.5%).

1.0

&
o

=
o

Fraction of infected quarters

07 - ]

0 100 200 300 400
Bulk tank SCC

Figure 2: Bulk tank SCC per herd with fraction of infected quarters.

No correlation was seen between the mean hygiene score and the fraction of quarters infected

either (Figure 3).
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Figure 3: Mean hygiene score per herd with the fraction of quarters infected



Discussion

Management factors

The hygiene score of the udder has been shown before to be predictive for SCC and IMI (Schreiner
and Ruegg, 2003; Cook and Reinemann, 2007; Zucali et al., 2011). In our analysis, at herd level,
no correlation between hygiene score and the fraction of infected quarters, or the number of
environmental pathogens could be found. The data used for the analysis was skewed towards a
lower hygiene score (below 3). As none of the scores were above 3, it seems that, at herd level,
cows sampled were too clean to identify significant differences.

Bulk milk tank SCC

No significant correlation was seen between the BMTSCC and the fraction of infected quarters.
This is contrary to research previously conducted in this area, where bulk tank SCC was correlated
with the fraction of infected quarters (Wilson et al., 1997). However, the study of Hutton et al.
(1990) also showed no significant difference in infection rate between two groups with different
BMTSCC, similar to the results in our study. It is possible that farmers are trying to keep the
BMTSCC below the threshold, to assure they are not penalized. Thus, milk from cows with high
SCC will be omitted, which can cause a discrepancy between BMTSCC and the infection rate.

Chronic and new infection

A distinction was made between chronic and newly inflamed cows. The analysis showed that
among chronically inflamed cows the percentage of culture positive quarters was higher than with
newly inflamed cows, indicating that newly inflamed cows had less IMI than chronically inflamed
cows. Additionally, it has been shown that chronic infection causes significant changes in milk
guality and production (Bobbo et al.,, 2020). Also, a positive correlation was present between
chronically inflamed cows and the presence of contagious pathogens. Seemingly showing that
contagious pathogens will cause longer term inflammation.

Additionally, the fraction of culture negative quarters in the current investigation is not
representative of the fraction of culture negative quarters in the herd. The samples were only taken
from cows that were inflamed, (eg cell count above 200.000 cells/ml for their last measurement),
thus the non-inflamed cows are not included. This causes bias towards cows that are more likely
to harbor an infection. As these cows, on average, have a higher somatic cell count, they are not
representative of the herd. This could cause the discrepancies seen between BMTSCC, hygiene
score and infection rate.

Season

The spring showed a significant increase in culture negative quarters compared to autumn (Table
3). Prior, similar effects were shown where season was correlated with the prevalence of
contagious pathogens (Jsteras et al., 2006). An increase in temperature and humidity has shown
to increase the duration of infections in cows (Hamel et al., 2021). During summer and autumn
the rainfall and thus humidity is higher which is positively correlated with higher SCC and infection
rate (Reneau, 1986; Lopez-Benavides et al., 2005; Sant’Anna and Paranhos da Costa, 2011).

Post milking disinfection

To lower the fraction of infected quarters, post milking disinfection has been recommended by
NMC (National Mastitis Council, 2013). Prior research showed that using post milking disinfection
lowered the SCC and BMTSCC (Kelly et al., 2009). Post milking disinfection was associated with



a lower infection risk of environmental pathogens, however with contagious pathogens the risk
was increased.

Additionally, farmers that are facing issues with high amounts of contagious pathogens will be
more likely to implement methods to lower the risk of infection compared to farms where few
contagious pathogens are present. Thus due to reverse causality, the results could be biased.

To expand on that, not all pathogens will cause inflammatory reactions. Some cultured pathogens
will be cleaned up by the cow’s immune system before it will cause inflammation. Thus other
indicators of infection should have been added, such as milk yield and composition.

Most pathogens were environmental of nature (Table 2). The prevalence of these can be lowered
by improving hygiene in the stable and pasture (Smith and Hogan, 1993). However, milking
practices were mostly evaluated in this report, which should influence the infection rate of
contagious pathogens. Here the effect of using post milking disinfection was shown to have a
significant effect on lowering the fraction of infected quarters and prevalence of environmental
pathogens. For contagious pathogens no such effect could be identified. Due to the prior focus on
contagious pathogens, these levels may have been lowered already. The group of environmental
pathogens is larger, thus giving more room to lower its prevalence.

Limitation of the analyses

All bacteria identified in the cows were put into two categories. This was done by using scientific
literature, however not all could be categorized. For these species no clear proof could be found
whether they belonged in either category. Overall the contagious group was mainly made up by
major mastitis causing species. Whereas the environmental group was made up from major
environmental species, including streptococci species other than Streptococcus agalactiae and
Streptococcus dysgalactiae, coliform bacteria, and most minor pathogens (Smith, 1983). The
species unable to be categorized were not a large portion of the data and are thus not considered
very influential to the overall resuilt.

Some species have antimicrobial properties and were thus not classified. An example is
Lactobacillus, which is used in novel teat sealants to decrease new infection rate (Soleimani et
al., 2010; Yu et al., 2017). Leaving those species in would have resulted in an overestimation of
the mastitis causing pathogens, thus leading to an elevated infection rate.

Lastly, the classification of environmental and contagious pathogens is an old fashioned and
disputed method (Klaas and Zadoks, 2018). It has been shown that many pathogens can be
carried over both ways, as their primary ways do not affect them solely. Thus, combatting an
infection with a certain method is not fully effective. It is therefore important to implement
management measures against both routes of infection. However the added value of knowing
where the majority of infections come from, can serve as an tool for prioritizing advice.

Conclusion

Given the low prevalence of contagious pathogens, the effect of pre and post milking practices on
the overall infection rate was difficult to quantify in this study. The bulk of the pathogens defined
were environmental pathogens, and some herds did not even have any contagious pathogens
present. Therefore, risk factors potentially affecting the prevalence of environmental pathogens
The effect of milking disinfection, specifically post milking disinfection, lowers the overall fraction
of infected quarters. Thus, it should be used as a common milking practice.
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