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In the context of increasing antimicrobial resistance of microorganisms,
there is growing interest in preventing the development and spread of
antimicrobial resistance worldwide through the prudent use of antimicrobials and the reduction in antimicrobial use (AMU). Treatment of
mastitis is the main cause for the application of antimicrobial substances in dairy cows. The aim of this study was to investigate associations
between udder health, udder health management, and AMU. Factors
AMU directly depends on should be found out to achieve the overall
goal of optimizing antibiotic consumption without negative effects on
animal health. For this purpose, the subclinical and clinical udder health
situation of 44 German dairy farms were analyzed at farm-level for the
year 2020 using data from the Dairy Herd Improvement (DHI) testing
and from herd-specific documentation on clinical cases. A questionnaire was used to describe the udder health management. AMU was
measured by the mean number of days under antibiotic therapy due
to mastitis per 100 cow years. The results showed that a higher clinical
mastitis incidence (CMI) led to a higher AMU. The farm-specific mastitis treatment concept had an influence on the AMU as well. In addition,
the actual existence of written treatment protocols was indicated to be
associated with higher antimicrobial consumption. However, as more
details about the creation, quality as well as the frequency of use of
the protocols were not recorded, this result should be interpreted with
caution. In conclusion, our study confirms that CMI directly correlates
with AMU on dairy farms. Therefore, reducing the number of clinical
cases should remain in the focus of farms. Treatment protocols that
consider the current state of science and the dynamics of mastitis
pathogens on the farm can reduce AMU. They should always be developed with the supervising veterinarian and be regularly reviewed and
adjusted. It is also advisable to follow the latest scientific findings and,
as far as possible, adapt the treatment concept accordingly, as modern
treatment methods can also save on antibiotics.
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Introduction

Bovine mastitis remains one of the most common diseases in dairy
farming. It not only affects the health of dairy cows but also their
production performance [1]. To maintain a healthy, profitable herd,
udder health management plays a crucial role. By establishing a
high standard of routine work, an improvement in udder health
levels can be achieved [2,3]. Both the new infection risk and the
duration of existing mastitis can be lowered, leading to a reduction
in antimicrobial use (AMU) [4,5]. Regular recording and evaluation
of farm-level udder health status are therefore crucial to identify
herds that should focus on mastitis prevention [6].
It is a legal requirement to treat diseased animals to ensure animals’
welfare, avoid painful diseases like mastitis, and shorten the duration of illness [7]. It is proven that treatment of udder disease is the
primary cause of antibiotic treatment in dairy cows [8]. In Europe,
for example, almost all clinical cases of mastitis are treated with
antibiotics [9]. A major problem here is that any use of antibiotics
bears the risk of promoting the development of antimicrobial resistance [10], which currently represents one of the most relevant
menaces to public health worldwide [11]. Although the use of
antibiotics in food-producing animals is declining and has recently
been lower than the use in human medicine, it still contributes
greatly to the overall consumption of antimicrobials [12]. There is
a growing interest in limiting the development of antibiotic resistance worldwide by reducing the use of antibiotics and using them
prudently [11,13]. In Europe, stricter regulations on AMU have only
recently been introduced with Regulation (EU) 2019/6, which came
into force in January 2022 [14]. This makes it even more crucial for
veterinarians and farmers to implement the current state of science and to successfully establish modern counseling and therapy
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Table 1: Definitions and benefits of udder health indicators describing the subclinical udder health at herd-level.
Udder health indicator
Udder healthy cows (UH)

New intramammary infection
risk during lactation (NIR LAC)

Cows with an incurable udder
infection (INCUR)
New intramammary infection
risk during dry period (NIR DP)

Cure risk during dry period
(CR DP)

Heifer mastitis rate (HMR)

1

Definition

Benefits1

Percentage of cows with SCC2 ≤100,000/mL milk in the
present DHI3 test based on all lactating cows detected
by the DHI test

Indicates if udder health requires special attention by farm
management

Percentage of lactating cows with SCC >100.000/mL
milk in the present DHI test which were SCC ≤100.000/
mL in the previous DHI test

Indicates how well the farm has succeeded in protecting the
animals during lactation

Percentage of all lactating cows having a SCC >700.000/
mL milk on three consecutive occasions

Guide to find the right balance between culling and useful life to
achieve a long-life span of the cows

Percentage of cows with SCC >100.000/mL milk at the
first DHI test after calving from all cows with ≤100.000/
mL milk in the last DHI test before drying off

A measure of the quality of work in preventing new infections
in the dry period

Percentage of cows with SCC ≤100.000/mL milk in
the first DHI test after calving from all cows with SCC
>100.000/mL milk in the last DHI test before drying off

Indicates how well the farm has succeeded in using the dry
season as an opportunity to cure existing infections

Percentage of heifers in milk with SCC >100.000/mL milk
at the first DHI test after calving based on all heifers at
their first DHI test

Indicates how udder-healthy the animals start their first lactation

[37], 2 somatic cell count, 3 dairy herd improvement test.

tools. A viable option to not only ensure a higher cure rate but also
bring about prudent use of antibiotics is the use of an evidence-based
mastitis therapy [15]. The basis for these scientifically proven therapy
concepts is the prompt delimitation of the cause of the disease, for
example through rapid on-farm tests, and a therapeutic decision based
on the test result [16]. Performing these rapid on-farm tests as part
of an evidence-based mastitis therapy is an effective and proven way
to reduce intramammary antibiotics [15,17,18]. Nevertheless, they are
not yet widely implemented by farmers, as shown in a study from the
Netherlands [19].
To develop further strategies that contribute to a reduction of AMU, it
is necessary to examine what AMU directly depends on. To this end,
it is important to investigate how udder health and AMU are related
and whether they are mutually dependent. There are already studies
looking at the relationship between udder health and AMU [20,21].
For example, Nägele et al. examined the connection between udder
health and AMU in Switzerland [20]. Their results showed that udder
health is related to the incidence of intramammary treatment during
lactation, the season of sampling for the dairy improvement test (DHI)
to record individual animal cell counts, and the level of expertise of the
supervising veterinarian. They also observed that good udder health is
possible even with low antibiotic consumption.
Until now, there are no data available in Germany examining how
antimicrobial usage and udder health are associated and what AMU
directly depends on. The aim of the presented study was to identify
factors influencing AMU on German dairy farms. The udder health
status and animal health management were recorded and compared
with the respective AMU. This information will be used to describe
which criteria are decisive for low antibiotic consumption on farms to
achieve the overall goal of optimizing antibiotic consumption without
any disadvantages for animal health.

pation in the DHI test, voluntary involvement in this study, and good
documentation of disease cases and treatments. Three different
groups of farms from different databases were selected. This resulted
in a total of 56 farms, a number that was reduced to 44 during the
course of the study. The first group comprised 19 farms managed by a
veterinary practice in Hesse. The veterinarians there encourage their
farmers to keep very detailed records of disease cases and treatments.
Nine of those farms were located in Hesse, five in North Rhine-Westphalia, three in Saarland, and one each in Luxembourg and Rhineland
Palatinate. The second group included twelve large farms, all of which
participated in a research project that required precise documentation
on udder health status and the level of AMU. Most of these farms (n=9)
were located in central and north-eastern Germany (Brandenburg,
Thuringia, Mecklenburg Western Pomerania, Saxony-Anhalt). The
remaining farms were located in Lower Saxony and North Rhine-Westphalia (n=3). The third group comprised 25 organic farms from Lower
Saxony, Bremen, Hamburg, and Schleswig-Holstein, which are advised
by the Competence Centre for Organic Farming „Ökoring e.V.“ in Visselhövede, Lower Saxony. For the advisory meetings, the results of the
monthly milk performance tests and the farmers’ documentation on
various diseases are compiled.
Antibiotic usage: AMU on farms was measured by the mean number
of days under antibiotic therapy due to cases of clinical mastitis per
100 cow years. For this purpose, the number of mastitis cases treated
with antibiotics in one year (2020) was first multiplied by the average
number of treated days, then divided by the total number of cows and
standardized to 100 cow years at risk:

Materials and Methods

Udder health situation: The subclinical udder health situation was
calculated on farm-level for the year 2020 using data from the DHI test

Farms: The inclusion criteria for the investigated farms were partici-
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AMU=(Number of mastitis cases treated with antibiotics in one year×
average number of treated days )/(total number of cows in the herd)×
100
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Table 2: Questionnaire subjects on farm-specific treatment practices of clinical mastitis, work routines, and management factors
with potential influence on antimicrobial use.

Table 3: Questions (n=9) from the questionnaire that have been
integrated into the thematic block "mastitis treatment method"
and their expressions for treatment methods B1 and B3*.

Subjects

Description

Main topic

Mastitis

Mastitis detection methods
Basic rules for the culling of cows with an incurable udder
infection available
Regular exchange of information between everyone being
involved
Regular attendance to training courses
Use of breeding improvements in udder health

Societal
influences

Affection by labor shortage
Moral/political/social influences
Personal conviction

Treatment

Criteria influencing the way of treatment
Treatment protocols available
Farm-intern rules for treatment existing
Termination of therapy
Frequency of use of NSAIDs1 for clinical mastitis
Use of alternative treatment concepts

1

non-steroidal anti-inflammatory drugs.

and HERDE, a software system for herd management. The DHI test is
conducted eleven times a year for each farm by the DHI organization
in the respective German states. The test uses single cow samples. The
somatic cell count (SCC) is considered a meaningful indicator of udder
health and milk quality. In this context, 100,000 SCC/mL milk represents
the general threshold for the distinction between a healthy udder and
a mastitic one [22]. The evaluated key figures, their definitions, and
their benefits are listed in Table 1 as in Hansmann et al. [23]. Arithmetic
means were calculated at herd-level for those parameters for the year
2020. Furthermore, standard deviations (SD) were calculated per farm
for the proportion of udder-healthy animals and for the new intramammary infection risk during lactation to investigate possible climatic
variations. Since the remaining key figures were calculated using a
rolling annual average, the standard deviation was not calculated here.
The clinical mastitis situation on the farms was calculated using the
clinical mastitis incidence rate (CMI). The CMI is an important marker
for animal health and welfare and, if recorded regularly, allows the
development over time to be recorded and evaluated [24]. It was expressed as the number of clinical mastitis cases per 100 cow years at
risk and was calculated as the number of clinical mastitis cases divided
by the number of cows at risk in one year and multiplied by 100 cow
years. Recurrent cases were not counted, which means that only the
new cases were counted for this variable. In accordance with previous
studies, a new case was declared after a period of 14 days after the last
clinical signs [24,25,26]. All farmers complied with the International
Dairy Federation (IDF) standard definition of clinical mastitis in their
documentation, which defines clinical mastitis as visible abnormalities
in the milk and/or the udder [27].
Animals´ health management and decision criteria for antibiotic
treatment: Information on farm-specific treatment practices of clinical
mastitis as well as on work routines and management factors with
potential influence on AMU was assessed with a questionnaire developed for this purpose (Table 2). The questionnaire included 30 multiple
choice questions and six 5-point Likert scales.
Extensive literature research on possible factors influencing the use of
antibiotics was conducted in advance. To be as practically oriented as
possible, interviews were also conducted in advance with three veterinarians working in the cattle sector and a herd manager and the
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Modern treatment
method (B1)

Conventional treatment
method (B3)

Culling of cows with Promptly
an incurable udder
infection

As late as possible

Use of rapid tests

Yes

No

Start of treatment

When analysis results
are available or after
consultation with the
veterinary practice

Always/often directly
after the detection of
mastitis

Use of antibiotics

Preferably local or
more rarely combined
(local + systemic)

Always/often combined
or systemic

Initiation of antibiotic For moderate or
therapy
severe mastitis cases

Already for mild mastitis
cases

Subclinical mastitis

No/rare treatment

Treatment often/always

Extension of treatment duration

Seldom

Often

a) Yes

a) No

b) As standard with
teat sealants

b) As standard antibiotic
dry cow treatment

Dry cow treatment
a) Application of
selective dry cow
treatment
b) Standard treatment of dry cows

*For information on the procedure of creating the thematic block:
see Figure 1.

questionnaire was adapted according to their feedback. It was then
pre-tested by two farmers that were not otherwise involved in the
study and their comments were also considered in the final formulation. The questionnaire was filled out online by most of the farms.
Otherwise, it was answered in person during farm visits or discussed
over the phone. Participation in the survey was voluntary and the data
were subsequently processed anonymously.
Individual questions from the questionnaire (n= 9) were combined into
a thematic block on the topic of mastitis treatment methods (Table 3).
The response options of these questions were transformed into variables, each of which was assigned a numerical value between 1 and
5, depending on the degree of agreement with the recommendations
based on the evidence from science and literature. The values per farm
were then aggregated into a score that was assigned to one of three
categories of treatment methods. The lowest score achieved was used
as the lower limit for categorization, and the highest score achieved was
used as the upper limit (Figure 1). B1 stands for a modern treatment
method that largely corresponds to the current recommendations
from the literature. Farms in group B2 follow the instructions in the
literature to a certain extent but deviate from them in some respects.
B3 describes a more conventional treatment method that deviates to a
large extent from the current recommendations.
Statistical Analysis: The data were processed and analyzed using the
programs Excel (Microsoft Corporation) and SPSS (IBM SPSS 26.0,
Chicago, IL, USA) with the dairy herd as the statistical unit. The target
value was the AMU of the farms measured as days treated with antibiotics per 100 cow years under risk. Linear mixed models were used to
examine associations between AMU (dependent variable) and predic-

9

Milk production

Table 4: Results of udder health indicators at herd-level calculated as annual means of monthly herd data (n=44 farms).
Udder health indicator

Mean
(%)

Median
(%)

SD1
(%)

Minimum
(%)

Maximum
(%)

Udder healthy cows

58

58

11

36

New infection risk during lactation

20

19

7

10

New infection risk during dry period

31

29

12

Cure risk during dry period

55

55

Heifer mastitis rate

32

30

Clinical mastitis incidence (CMI)

29

24

1

German average 20152(%)

Best German
farms3 (%)

76

56

74

38

19.8

13

7

57

26

17

13

26

85

55.6

71

13

13

60

31.6

21

21

5

103

standard deviation, 2 [48], 3 [49].

model. All biologic credible two-way interactions were tested in the final model. However, due to lack of significance, these were eliminated
again. Model fit was evaluated by checking normality of the residuals.
A p-value of ≤ 0.05 was defined as being statistically significant.

Results

Figure 1: Process diagram for the categorization of different variables from the questionnaire by "mastitis treatment method".
* 58= lowest score achieved used as lower limit for categorization, 88= highest score achieved used as upper limit for categorization, 1 modern treatment method, 2 intermediate treatment
method, 3 conventional treatment method.
tors (independent variables). The Kolmogorov-Smirnov test was used
to test and confirm the normal distribution of the outcome variable.
We used the Welch–Satterthwaite equation to calculate the pooled
degrees of freedom. The independent variables: farming system, herd
size, key figures, mastitis treatment method [categorical variable with
three expressions], clinical mastitis cases at herd-level, treatments with
NSAID per cow at risk per year, and farm-specific treatment practices
for clinical mastitis, work practices, and management factors were
subjected to univariable analyses. For inclusion in the multivariable
models, variables with p ≤ 0.2 were retained. To avoid multicollinearity,
predictors that correlated strongly with each other (r > 0.7) had to be
excluded from the model. A stepwise backward procedure was then
used to select the final multivariable regression model. Potential risk
factors were excluded individually if p > 0.05. Potential confounding
variables were controlled by observing changes in the regression coefficients. Variables that changed the regression coefficients by more
than 20% were considered confounders. No confounding effects were
observed. The Akaike information criterion (AIC) was used to evaluate
the most optimal model and an AIC closest to zero was used as the final
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Farm demographics: 12 farms were excluded from the final analysis
during the study period because they did not respond to the questionnaire or provided data from a year other than the comparison year.
Consequently, 44 of the 56 farms originally selected were included in
the final study. These included 18 farms from the first group managed
by a veterinary practice in Hesse, eight farms from the second group of
large farms, and 18 organic farms from the third group. The farms comprised 25 conventionally managed farms and 19 organically managed
farms, representing a total of 10,567 cows in the study period of 2020.
The mean herd size was 240 cows with a standard deviation of 293
cows. The largest herd included 1490 cows and the smallest 41 cows.
Udder health situation: The udder health parameters based on SCC
of the participating farms showed clear differences in all key figures
among the farms (Table 4). The mean percentages of udder healthy
cows (UH) were 58% and varied between herds from 36% to 76%. The
mean new infection risk during lactation (NIR LAC) ranged between
10% and 38%. The arithmetic mean of all farms was 20% for this parameter. The mean new infection risk during the dry period (NIR DP)
was 31% and the mean cure risk during the dry period (CR DP) was
55%. For these parameters, the values had a span from 7% to 57% and
from 26% to 85%, respectively. The heifer mastitis rate (HMR) was 32%
with farms ranging from 13% to 60%. The clinical mastitis situation, calculated using the CMI, also varied greatly among the 44 participating
farms and ranged from five to 103 clinical mastitis cases per 100 cow
years at risk. The median was 24 and the mean was 29 +/- 21 (Table 4).
On some farms, a clear change in udder health during the year could be
Table 5: Results of antimicrobial use (n=44 farms).
Descriptive statistics

Antimicrobial use2

Mean

82.45

Median

69.67

1

SD

58.41

Minimum

4.8

Maximum

250

1

standard deviation, 2 measured in mean number of days under antibiotic
therapy due to cases of clinical mastitis per 100 cow years.
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Table 6: Final linear mixed model describing predictors (=independent variables) associated with antimicrobial use (=dependent variable).
Independent Variable

Data Form

Clinical mastitis incidence

Continuous

Treatment method

Categorical

Coefficient

SE1

p Value

95% CI2

0.022

0.0031

<0.001

1.016-1.028

B13

-0.714

0.1619

<0.001

0.357-0.673

4

-0.429

0.1627

5

B3

0*

Yes

0.535

No

0*

Categories

B2
Treatment protocols available

Categorical

0.1582

0.473-0.896

<0.001

1.253-2.329

1

standard error, 2 confidence interval, 3 modern treatment method, 4 intermediate treatment method, 5 conventional treatment method, * redundant coefficient
set to zero.

observed by means of a standard deviation of more than 10% or 20%.
Most farms, however, showed a rather uniform course of udder health
over the course of the year, with a mean standard deviation of 6% for
the proportion of udder-healthy animals and 8% for the rate of new
infections during lactation.
Antibiotic usage and influencing factors: The results of AMU, measured by the mean number of days under antibiotic therapy due to
mastitis per 100 cow years, ranged between 4.8 days and 250 days per
100 cow years. The median was 69.67 and the arithmetic mean was
82.45 days with a very high variability of +/- 58.41 days (Table 5).
Three variables included in the final model were significantly (p ≤
0.05) associated with AMU (Table 6). Farms with a higher CMI were
also found to have higher AMU. In addition, the mastitis treatment
method influenced AMU. Regarding the results of the thematic block
on mastitis treatment methods, 18 farms each followed treatment
methods B1 and B2 and eight farms applied the conventional treatment method B3. Farms using treatment method B1 had an average
AMU of 65 days per 100 cow years. In contrast, farms using method
B2 had an AMU of 82 days, and farms following treatment method B3
had an average AMU of 122 days per 100 cow years. Regarding the subclinical udder health of those farms with the more antibiotic-intensive
treatment method B3, this did not differ significantly from the udder
health of those farms using fewer antibiotics (B1 and B2) (Figure 2).
The third influencing factor was the existence of treatment protocols.
Farms with treatment protocols in place had a higher AMU with an
average of 82 days under antibiotic therapy than farms without treatment protocols. The latter had an average AMU of 75 days.

Discussion

The objective of this study was to investigate the decisive criteria for
AMU on 44 German dairy farms. For this reason, the AMU, the udder

health status, and the animal health management were recorded to
subsequently show possible correlations and influences. Overall, it
must be noted that due to the number of evaluated variables being
high compared to the number of herds, only major influencing factors
could be identified. Furthermore, in the selection process of the farms,
emphasis was placed on ensuring that they had accurate documentation of the disease cases and treatments. All farms had been trained
over several years by members of a German udder health working
group in the management and treatment of udder health disorders
and in the documentation of both, allowing for high data quality. As
described by Falkenberg et al., only 29.4% of dairy farms in Germany
have good documentation of both the occurrence of diseases and their
treatment [28]. Furthermore, treatment records from farms are often
inaccurate and incomplete [28,29]. Pucken et al. showed that nearly
half of the entries in treatment records had at least one important
piece of information missing [29]. Including such farms with inaccurate
records could have resulted in a high number of unreported cases. In
the selection process of the farms, importance was also attached to
representing as broad a field of German dairy farming as possible. For
this reason, farms with very different characteristics, for example in
terms of herd size and production system, were selected for the study.
The results of AMU showed an average of 82 days under antibiotic
therapy due to mastitis per 100 cow years. In this study, we introduced
a new definition to describe AMU on dairy farms, so a classification of
our results on AMU cannot be added to the results of other studies. In
Germany, it is so far only obligatory for meat producers to determine
antibiotic use by recording the frequency of therapy. This requires information on the number and type of animals kept as well as treated,
the veterinary drug(s) used, the total amount of drug(s) used, and
the number of treatment days [30]. Since this information is not yet
obligatory for milk producers, it is not recorded uniformly on the farms.
Figure 2: Comparison of
udder health among farms
with different treatment
methods. 1 modern treatment method, 2 intermediate treatment method,
3
conventional treatment
method.
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Existing definitions for quantifying AMU, such as the standardized
‚‘Defined Daily Doses‘‘ for veterinary medicine (DDDvet) published
by the European Medicines Agency (EMA) [31] could therefore not
be used in this study. There are both advantages and disadvantages
in using our new method compared to other existing ones. First of all,
the required data can be taken either from farmers‘ records or from
herd management systems. This facilitates data collection compared
to other methods, such as the garbage can audit, which requires the
active participation of producers, regular collection of bin bags, and
manual inventory [32]. In our study, data were taken from farmers‘
treatment protocols. This approach bears the risk that the collected
data may be inaccurate and incomplete [29,32]. However, the farms
in our study were trained in udder health management for several
years and, as described above, were encouraged to keep as complete
records as possible, so it can be assumed that an accurate record was
kept. Furthermore, the calculation of our new quantification variable
is independent of the dosage of the drugs used. The DDDvet is based
on average values for dosages from different countries. However, the
nationally approved dosages can vary considerably from this and thus
lead to misinterpretations [33]. Thus, the calculation of the DDDvet is
almost always a compromise. Nevertheless, a compromise was also
made with our new method describing AMU on dairy farms, as the
average treatment duration of the farms was used to calculate the
AMU. Since in some cases, of course, there are deviations from this
average duration, the use leads to inaccuracies as well. However, the
primary aim of our study was not to precisely quantify antibiotic use
but to investigate what antibiotic use depends on. For this reason, an
approximation was sufficient to describe it.
The results of this study showed that one of the decisive criteria for
AMU was CMI. Thereby, AMU increased with an increasing number
of clinical mastitis cases at herd-level. The number of clinical cases
used to calculate the CMI in this study included only new cases, as this
information was consistent across all three sources. A case detected
14 days after the last clinical signs was considered a new case. This
approach is in line with studies from the Netherlands evaluating clinical
mastitis, where each clinical mastitis case diagnosed by the farmer was
counted as a new case, except for cases that occurred within 14 days
in the same quarter [24,25,26]. The fact that no recurrent cases were
counted may have influenced the number of clinical cases, considering
that many cows develop recurrent clinical mastitis after initial infection
[34].
The CMI on the farms investigated in this study was on average 29
clinical mastitis cases per 100 cow years at risk. Santman-Berends et al.
described similar results in their study with a CMI of 32.5 in 233 Dutch
dairy herds [24]. Other studies, however, showed a much higher CMI
[23,35,36]. Hansmann et al. for example, indicated a CMI of 36.6 on
21 organic farms [23]. A CMI of 41.5 was described in a study by Hovi
and Roderick for conventional herds [35]. All farms investigated in our
study had received udder health training for several years. This could
be a possible reason for the lower CMI. As already mentioned above,
in Europe, almost all clinical mastitis cases are treated with antibiotics
[9]. Furthermore, it is a legal requirement to treat diseased animals [7].
That is why as a logical consequence the use of antibiotic treatments
increases with the number of clinical mastitis cases. This fact has been
common knowledge for many years and a trend toward lower numbers
of clinical mastitis cases is apparent in our study compared to previous
studies [35,36]. However, our study findings underline that, despite
years of effort, there is still considerable potential for improvement
in reducing the number of clinical mastitis cases. The focus of farms
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should therefore be on reducing NIR both during lactation and the dry
period, as this is the basis of mastitis control [7]. This can be achieved
through a quality audit of the work routines and framework conditions
on the farm, concerning both the husbandry and feeding as well as the
milking and drying off of the cows [37].
The mastitis treatment method was another variable that was associated with AMU. On farms using the modern treatment method B1
which largely corresponds to the current recommendations from the
literature, AMU was significantly lower. The AMU on farms with B1 was
about 50% less in comparison with farms using the conventional treatment method B3. The influence of some parameters that are included
in the calculation of the different treatment modalities has already
been proven in previous studies and is therefore not discussed here.
However, the application of evidence-based therapy concepts as well
as the establishment of selective dry cow treatment, which are being
applied more and more frequently in Germany, should be emphasized.
By establishing on-farm rapid tests for therapeutic decision-making
as part of evidence-based mastitis therapy, a significant reduction
in antibiotic administration can be achieved [15,17,18]. These also
serve as added decision support for farmers for treatment in parallel
to veterinary advice. In addition, selective dry cow treatment should
be used whenever possible, as it can lead to a reduction in antibiotic consumption [38]. With Regulation (EU) 2019/6, which came into
force in January 2022, the prophylactic use of antibiotics in groups of
animals was banned. This means that blanket dry cow treatment no
longer complies with the requirements of that regulation and instead
selective dry cow treatment needs to come into focus [14]. The use of
teat sealers, which provide effective protection against new infections
during the dry period, plays a decisive role in this respect [37].
The subclinical udder health did not differ significantly among the farms
with the different antibiotic-intensive treatment methods. This indicates that subclinical udder health is not necessarily influenced by the
treatment method and with a smart treatment concept targeting lower
antibiotic consumption, passable udder health is possible. The subclinical udder health situation of the participating farms corresponds to the
German average for the most part (Table 4) but is rather unsatisfactory
overall. Taking the results of the best German farms as a benchmark, it
can be seen that the farms in this study did not achieve comparable results overall. The largest deviations were in the proportion of UH cows
(best German farms 74% vs. 58%), the NIR DP (best German farms 17%
vs. 31%), and the CR DP (best German farms 71% vs. 55%). In addition,
there were clear differences between the farms in terms of how they
dealt with weather-related influences, as some farms showed significant fluctuations over the course of the year. This indicates that there
were different management and hygiene standards on the farms. For
example, some of the farms kept their animals indoors all year round,
while on other farms, the animals also had access to pasture. Farms
experiencing problems in dealing with variations depending on the
climate should adopt more weather-adapted strategies, such as better
control of heat stress or dry cover in cubicles [4].
Most of the investigated farms had implemented on-farm treatment
protocols. These farms tended to have a higher AMU than those farms
without treatment protocols. Contrary to this result, previous studies
based on expert opinions of veterinarians from Denmark, Portugal,
Switzerland, and the Netherlands have shown that treatment protocols can serve to reduce AMU [39,40]. This highlights that the very
existence of treatment protocols does not have significant explanatory
power. Its proper application is critical for the beneficial impact of the
treatment protocol, which is why it is particularly important that the
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content and purpose of the protocols are understood by farmers and
farm personnel. The treatment protocols should therefore be written
as simply as possible, an objective that is also supported by Mills et al.
[41]. They stated that veterinarians‘ advice to farmers on developing
standard operating procedures (SOPs) should focus particularly on the
purpose of the SOP, the format that is most appropriate for the farm,
and the accountability of employees.
In addition, the respective supervising veterinarians must be involved
in the preparation of the treatment protocols. They should also be
familiar with the process of preparing the protocols. The present study
did not ask who created the treatment protocols and when they were
created. Therefore, it cannot be ruled out that the protocols were
created without the involvement of skilled veterinarians or had not
been revised for some time. Furthermore, the scope and quality of the
protocols were not investigated. It has been proven that not every case
of clinical mastitis requires antibiotic therapy. In case of non-severe
clinical mastitis, only cases caused by Gram-positive pathogens benefit
from intramammary antibiotic administration. In contrast, cases of
Gram-negative pathogens do not always require antibiotic therapy, as
there is a high tendency for self-healing [42,43]. Therefore, if simple or
outdated protocols are in place, treatments may not be questioned,
and cases may be treated that would not have necessarily required
treatment. Frequent review of the protocols can also make it easier for
the farmers to verify the need for treatment and thus lead to a greater
willingness to treat. A study by Kayitsinga et al. found similar results
when treatment records existed [44].
To better capture the effect of different concepts of treatment protocols in future studies, additional criteria should be collected besides
the simple question of whether protocols are in place or not. Information on who was involved in the development of the protocols and
whether they are regularly reviewed and adapted to the current situation in the herd seems important. It is also useful to check whether all
those involved, such as employees, have received instructions in the
contents of the protocols and subsequently comply with them. With
this information, the quality of the treatment protocols can be better
assessed in the future and possible effects, for example on AMU, can
be investigated.
Further limitations: As described above, the questionnaire was completed by farmers via three different channels. The majority answered
the questionnaire online (73%). The use of web-based surveys is a
common practice that, despite known limitations, is widely considered
to be a useful tool for investigating general trends [45]. The completion
of web-based surveys is easy for participants to schedule, as they can
be started at any time. However, response rates to web-based surveys
tend to be lower than, for example, paper-based surveys [46]. With
the remaining farmers, the questionnaire was processed in person
during farm visits (16%) or discussed over the telephone (11%). Here,
of course, the response rate was 100%, as the answers were noted
directly by the interviewer. Despite the indication that the answers
will be treated confidentially and anonymously, there is always a risk
of information and self-reporting bias in questionnaire-based surveys
[47]. This means that the respondents tend to answer the questions
not completely objectively but as they see fit. To avoid this as much as
possible, discretion was guaranteed in the personal interviews.

Conclusions

This study shows that the number of clinical mastitis cases at herd-level
directly correlates with antibiotic use on dairy farms. The treatment
method, as well as the existence of treatment protocols, also influence

Milk Science International (75) 2022 P. 7-15
ISSN 2567-9538 ; https://doi.org/10.48435/MSI.2022.2

the level of antibiotic use. The most important leverage point for reducing antibiotic use remains the reduction in clinical mastitis cases. It
is also advisable to follow the recommendations based on the evidence
from science and literature and adapt the treatment method accordingly as far as possible, as modern treatment methods can also save on
antibiotics. In particular, the use of evidence-based therapy concepts
as well as the establishment of selective dry cow treatment, methods
that are also being used more and more frequently in Germany, should
be emphasized here. When using treatment protocols, it should always
be taken care that these are adapted to the current herd situation
and that they are always drawn up in the presence of the supervising
veterinarian.
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