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It is well-established that antimicrobial use is a major factor for the development of

antimicrobial resistance. To analyze the associations between antimicrobial resistance

and usage of antimicrobial agents, data from monitoring and surveillance systems are

crucial. Within the project VetCAb (Veterinary Consumption of Antibiotics), antibiotic

usage data in German livestock is regularly collected and evaluated. Based on a

cross-sectional study in 2011, the project was continued as the longitudinal study

VetCAb-Sentinel with ongoing participant recruitment and data collection from 2013.

The data collection is based on official German application and delivery forms (ADF),

voluntarily provided by veterinarians and farmers. In this study the results of antibiotic

usage data of dairy cows, dairy calves and beef cattle were described, using a

semi-annual treatment frequency, and 95,944 ADF issued between 2011 and 2015

were analyzed. Results show that the median of the treatment frequency in dairy calf

and beef cattle holdings slightly decreased from 0.4 to 0.3 and from 0.2 to 0 days,

respectively, whereas the median in dairy cow holdings ranged between 1.9 and 2.3

during the observed period. Temporal changes and the effect of the factors “farm size”

and “region” on the treatment frequency were investigated, using multiple linear mixed

and logistic regression models. Generally, the factor “time” has a statistically significant

impact on the treatment frequency in all production types. In addition, a temporal trend

test over the first six half-years shows that an increasing linear trend can be stated in dairy

cows and dairy calves (p= 0.017; p= 0.004, respectively). If the time-period is extended

to all eight half-years under study, this turns into a quadratic effect (dairy cows: p= 0.006;

dairy calves: p < 0.001). In dairy calves and beef cattle the factor “farm size” also has

a statistically significant impact. The factor “region,” in contrast, shows no statistically

significant impact at all. Compared to other livestock populations in Germany, the use of

antimicrobials in dairy cows, dairy calves, and beef cattle appears to be low, but varies

across several associated factors. Considering these effects, it is recommended that

the size of dairy calf and beef cattle holdings is regularly considered in the evaluation of

antimicrobial usage data over time.

Keywords: monitoring of antimicrobial consumption, treatment frequency, regression modeling, dairy cows, dairy

calves, beef cattle
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INTRODUCTION

The impact of the use of antibiotics on antimicrobial resistance
(AMR) in food-producing animals has been the subject of
increasing public, scientific and political debate in recent years.
It is well-known that the development of resistance is related
to some extent to the antibiotic use (1, 2). Therefore, for
regular evaluation of these associations and for interpretation
of resistance patterns and trends, among others, detailed
information about antibiotic consumption is needed (3, 4). At
the EU level, Directive 2003/99/EC requires the member states
to carry out a monitoring of AMR in zoonotic agents and
commensal bacteria (5). In Germany, since 2011, the amount
of veterinary medicinal products containing antimicrobials
delivered to veterinarians by pharmaceutical companies and
wholesalers is documented in a central information system and
evaluated annually by the Federal Office of Consumer Protection
and Food Safety (BVL) (6). Results show that the amount of
antibiotics have been reduced by more than half by 2015 (7).
These data are also reported to the European Surveillance of
Veterinary Antimicrobial Consumption project (ESVAC), which
was launched in 2009 by the EuropeanMedicines Agency (EMA),
following a request by the European Commission to develop
an approach for the harmonized collection and evaluating of
antimicrobial usage (AMU) sales data in animals in the member
states (8).

In April 2014 the 16th amendment of the German Medicinal
Products Act (AMG) was introduced, which requires farmers
that keep fattening animals to report their usage of applied
veterinary medicinal products with antibiotic components on a
half yearly basis (9). To comply with legal requirements, the use
of medicines in livestock animals per-production type is recorded
by farmers and veterinarians directly in one specific national
database (Herkunftssicherungs- und Informationssystem für
Tiere). There, data are collected separately for each production
type of fattening cattle, pigs, chicken and turkey to determine a
farm-specific half-year treatment frequency (TF). Based on these,
semiannually the BVL determines the median and third quartile
of the TF for each of these livestock populations, which is the
basis for further actions, such as consulting the veterinarian or
writing an action plan to reduce AMU (9).

Monitoring systems that pursue economic or scientific
interests were also introduced in Germany. The private company
“QS Qualität und Sicherheit GmbH” (QS) offers a benchmark
system on farm level in Germany for poultry, pigs, and calves for
fattening (10).

In the frame of the scientific projects VetCAb and VetCAb-
Sentinel (VetCAb-S), the antibiotic usage at farm level is

Abbreviations: ADF, Application and Delivery Form; AMG, Medicinal
Products Act (“Arzneimittel-Gesetz”); AMR, Antimicrobial Resistance; AMU,
Antimicrobial Usage; BVL, Federal Office of Consumer Protection and Food
Safety (“Bundesamt für Verbraucherschutz und Lebensmittelsicherheit”);
ESVAC, European Surveillance of Veterinary Antimicrobial, Consumption; IQR,
Interquartile Range; (n)DDD, (number of) Defined Daily Dose(s); (n)DDDAF,
(number of) Defined Daily Dose(s) Animal at farm level; (n)UDD, (number of)
Used Daily Dose(s); TF, Treatment Frequency; QS, Qualität und Sicherheit GmbH;
VetCAb-S, Veterinary Consumption of Antibiotics—Sentinel.

determined by used quantities and number of applied single
doses. In the latter project not only the usage of antibiotics in
livestock used for fattening, but also of dairy cows and dairy
calves is recorded and evaluated.

The aim of this work is to present the results of data analysis
on antibiotic usage in dairy cows, dairy calves and beef cattle in
the years 2011, 2013, 2014, and 2015. Moreover, the association
between temporal trends and the factors “farm size,” “region,” and
“veterinarian” on the AMU is analyzed.

MATERIALS AND METHODS

Study Population and Data Collection
Data for 2011 were collected within the pilot phase of the
VetCAb project with a cross-sectional approach (11). To ensure a
cross-sectional study like study population the data was checked
for its representativeness by investigating the demographic
characteristics of the participating farms by comparing these
with official data of the agricultural statistics (12). Since 2013,
the project is continued as a longitudinal study with ongoing
participant recruitment, called VetCAb-S (13). The study
population was initially recruited as a convenience sample by
addressing all veterinarians and farmers by general information
in newsletters and the German Veterinary Record (“Deutsches
Tierärzteblatt”), which is sent out mandatorily to all veterinarians
in Germany. Farmers and veterinarians voluntarily provide AMU
data via ADF about the number of animals treated, date and
duration of treatment, name and amount of the medicinal
product used, indication and application route (14). Information
on the number of livestock places, i.e., the animal capacity of
the individual farms, is requested separately. After checking
completeness and pharmacological plausibility as previously
described (15), data are included in the evaluation.

In this survey, three production types are considered: dairy
cows, dairy calves and beef cattle. Dairy cows are defined as cows
kept for milk production. The group of dairy calves includes
calves reared on dairy farms for later use as dairy or beef cattle.
The number of livestock locations for dairy calves is not collected
directly, it is assumed as the number of livestock locations for
dairy cows that are kept on the farm. Beef cattle are defined as
cattle from 8 month old, reared for meat production. Because
each participating farm can keep one or more production types,
the allocation to the respective groups is mainly based on the
category given on the ADFs.

Measuring Antibiotic Usage
In order to quantify antibiotic usage, the number of antimicrobial
substance applications (number of used daily doses, nUDD) is
determined using the records in the database as follows:

nUDD = number of animals treated × number of days treated

× number of active ingredients

By means of the TF, the average number of treatments per
animal of the observed population within a given time period is
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FIGURE 1 | Median of the treatment frequency per half-year for dairy cows, dairy calves and beef cattle.

calculated (16–18):

TF =

nUDD

farm size

Following the general rules of the AMG, the measurements for
all applications are calculated for each holding per half-year.
Treatment of udder diseases and all treatments in the context of
dry-cow therapy are included in the evaluations. Each production
type kept on a farm within half a year is defined as a holding in
the analysis. In the project, the reference population is defined by
number of available livestock places per holding. The population
under study is herein referred to as the “study collective.” When
entering the study collective, the number of livestock locations
of dairy cows and beef cattle of every farm was recorded. This
information serves as a basis for calculating the TF over the
entire period.

Statistical Analysis
Two statistical model evaluations were applied. In order to
analyse whether there are trends in the development of the TF
over time, linear and quadratic trend effects of the TF were
calculated with polynomial regression by orthogonal polynomial
coefficients within linear models. Due to different sub-trends
within the data, the calculations were carried out over two
periods, based on the first six and on all eight considered half-
years from 2011 to 2015.

In a second approach, the general impacts of the factors “time,”
“farm size,” and “region” on antibiotic usage in dairy cows and
dairy calves were considered using multiple generalized linear
mixed regression models for calculating a three-way ANOVA
with nested subjects, using the TF as the outcome. For this
purpose, a right-trimmed data set was used to guarantee robust
model estimators, where the top 1% TFs were excluded (19). The
samemethod has already been used on pigs (15). As the antibiotic
usage is measured semi-annually, there are eight observations per
holding within the analyzed time period. The missing year 2012
leads to different intervals between the regarded time points. A
flexible correlation structure between observations of one farm

is chosen due to the non-equidistant time points. The estimated
covariance parameters showed that covariance between time
points 2011–1 and 2011–2 with others are smaller than those of
later time points. Therefore, a structure with constant covariance
or e.g., auto-regressive structures are not suitable. The choice of
the variance structure affects the model estimates of variances
and consequently the observed confidence intervals and p-values.
The factor “farm size” was categorized into three groups by
means of the 33- and 66%-percentile of the number of livestock
places per holding on the basis of study population in 2011.
The cut-offs for dairy cows were 59 and 116, for dairy calves
were 55 and 114, and for beef cattle 35 and 60 livestock
places, respectively. For data analysis referring to the factor
“region,” the examined collective of cattle farms is divided into
three geographical areas (Middle, Northwest and East Germany)
based on agricultural structures in Germany (20). Only a small
proportion of participating beef cattle holdings from the eastern
region has been documented, therefore these holdings were not
considered for evaluation. According to Hemme et al. (15), the
impact of the veterinarian on the TF was taken into account as
a random effect following a hierarchical model structure (15).
Compound-symmetry covariance structure for the modeling
of the random veterinary effect was assumed. Impact of the
veterinarian random effect was analyzed by using a likelihood
ratio chi-square test comparing the full model with the reduced
model, thus omitting the hierarchical level. We considered
three different regression models for evaluation in terms of
transformation due to a skewed distribution of residuals: square
root transformation, logarithm transformation after adding 0.1
and logarithm transformation after adding 1. Results were
converted to the original scale after retransformation of least-
squares means with associated 95% confidence intervals. The
residuals of the final models were distributed normally. Due to
zero inflated data of beef cattle, an appropriate result regarding
the distribution of the residuals could not be achieved when
comparing the different transformations. Therefore, no adequate
model for the TF could be adapted. Hence, we conducted a
multi-factorial mixed logistic regression to model the antibiotic
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usage. In the logistic regression, the odds-ratio confidence
intervals were calculated to describe the effect of risk factors. The
estimation was done applying the Residual Pseudo Likelihood
method. The 95% confidence intervals for parameters of interest
were reported.

The analyses were performed in SAS, version 9.3 TS level
1M2 (SAS Institute Inc., Cary, NC, United States), using the
proceduresMIXED andGLIMMIX, respectively, and entailing F-
tests to assess the statistical significance of fixed effects. P-values
below 5% were considered as statistically significant.

RESULTS

Study Population
During the observational period, a total of 95,944 ADFs from
participating dairy and beef cattle farms for the years 2011, 2013,
2014, and 2015 were evaluated. Of these, 79,528 ADFs were
allotted to dairy cows, 14,424 ADFs to dairy calves and 1,992
ADFs to beef cattle. Due to the two project phases, pilot and
sentinel study, a drop in the number of participating dairy cow
and dairy calf holdings was evident between 2011 and 2013.
Seventeen percent of the dairy cow and calf holdings and 16%
of the beef cattle holdings participated throughout the entire
period considered. The other part consisted of holdings, which
participated in sections, joined the collective later than 2011 or
left the collective earlier than 2015. The discrepancy between
the analyzed number of cow and dairy calf holdings resulted
from the trimmed 1% of the semi-annual TF and disregarded
holdings, respectively. At the beginning of the sentinel study
in 2013, the number of participating beef cattle holdings could
be increased and then kept at a constant level (see Table 1).
Within the study collective, the following numbers of antibiotic
substance prescriptions were made per holding half-yearly in the
median: 27 for dairy cows (Interquartile range (IQR) = 12–48
prescriptions per holding), three for dairy calves (IQR = 1–8
prescriptions per holding) and one for beef cattle (IQR = 0–3
prescriptions per holding).Most of these holdings were located in
northwest Germany, followed by holdings from the middle and
east of Germany.

Antibiotic Usage and Treatment Frequency
Table 1 shows the distribution of the semi-annual TF of dairy
cows, dairy calves and beef cattle holdings within the observed
time period. In dairy cow holdings, the median of the semi-
annual TF was quite constant with minor deviations. In dairy
calves, the median of the semi-annual TF increased from 0.4 in
the first half-year of 2011 to 0.8 in the second half-year of 2014,
before dropping to 0.3 in the second half-year of 2015. For beef
cattle, a continuous reduction of the median was seen from 0.2
in 2011–1 over 0.1 between the second half-year of 2011 and
2013 to zero from the first half-year of 2014 until the end of the
observation (see Figure 1). The proportion of holdings without
antibiotic usage increased during the whole observed time period
in all three production types. The most obvious change occurred
in beef cattle holdings; here, the proportion of holdings without
antibiotic usage increased from 22.2% in the first half-year of
2011 to more than half of the participating beef cattle holdings

(54.5%) in 2015–2. In dairy cows, the proportion increased from
1.3 to 11.2%, and in dairy calves from 16.1 to 25.1%. Regarding
the production types dairy cow and dairy calf, a trend test over the
first six half-years showed an increasing linear trend (dairy cows:
p = 0.017; calves: p = 0.004). If the time-period was extended
to all eight half-years under study, this turned into a quadratic
effect (dairy cows: p = 0.006; calves: p < 0.001). For beef cattle,
this model approach was not feasible due to a large extend of zero
antibiotic usage in this production type. Therefore, zero inflated
data was observed and no computable results were reported here.

Regression Models
For dairy cows and dairy calves, linear regression models with
different transformations were applied to assess the impact
of several factors on the farm specific semi-annual TF. The
best results for dairy cows were achieved using the square
root transformation. Table 2 shows the effects of each variable,
the mean TF in the corresponding category, as well as the
associated 95% confidence intervals. The calculations show that
only the general factor “time” had a statistically significant impact
on the TF in dairy cows. The random factor “veterinarian”
had a statistically significant impact on the TF in dairy
cows (p < 0.001).

For dairy calves, the best fit of the model was observed
using the logarithm transformation after adding 0.1. In addition
to the factor “time,” the factor “farm size” had a statistically
significant effect on TF in dairy calves (see Table 3), and the
average estimator increased with increasing farm size. Between
farms in the middle and lower thirds of farm size, an increase
of the mean estimator from 0.46 to 0.70 and a clear shift of the
confidence interval was evident. The factor “veterinarian” had a
statistically significant impact on TF in dairy calves (p < 0.001).
The distributions of the residuals of multi-factorial models with
different transformations for the TF for dairy cows and dairy
calves are available as Supplementary Data.

In beef cattle, a logistic regression model was adapted. Table 4
shows the results for beef cattle farms with antibiotic use in
general (yes vs. no) and estimated odds ratios with associated 95%
confidence intervals. Results show that “time” and “farm size”
had a statistically significant impact on the AMU in general. The
odds ratios decreased until second half of 2014, which suggested a
reduction of the odds to use antibiotics in comparison to odds of
not using antibiotics. The odds to use antibiotics in farms of the
upper third was 2.8-fold higher than in farms of the lower third.
No statistically significant impact of the factor “veterinarian” on
the TF in beef cattle holdings could be determined (p= 0.674).

The factor “region” had no statistically significant impact
on the semi-annual TF in none of the three production
types. The estimates of fixed effects regression coefficients
and random effects covariance parameters are provided in the
Supplementary Material.

DISCUSSION

Within the longitudinal study VetCAb data from dairy cows,
dairy calves, and beef cattle were observed over several years,
facilitating an examination of temporal trends in AMU. For
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TABLE 1 | Distribution of the treatment frequency per half-year for dairy cows, dairy calves and beef cattle.

Half-year Number of holdings Semi-annual treatment frequency

Minimum 5%-quantile 25%-quantile Median 75%-quantile 95%-quantile Maximum

DAIRY COWS

2011-1 474 – 0.3 1.1 1.9 3.2 5.7 11.7

2011-2 474 – 0.3 1.2 2.2 3.4 6.0 11.5

2013-1 178 – 0.0 1.1 2.1 3.5 6.3 11.3

2013-2 175 – 0.1 1.2 2.1 3.4 6.0 10.8

2014-1 173 – – 1.2 2.1 3.3 7.5 12.7

2014-2 170 – 0.3 1.3 2.3 3.6 6.8 12.7

2015-1 177 – – 1.0 1.9 3.1 6.5 12.1

2015-2 178 – – 1.1 2.2 3.8 7.7 12.7

DAIRY CALVES

2011-1 473 – – 0.1 0.4 2.1 7.6 20.2

2011-2 473 – – 0.1 0.5 2.5 9.0 20.8

2013-1 177 – – 0.1 0.6 2.1 9.5 16.7

2013-2 175 – – 0.0 0.6 3.1 10.1 20.0

2014-1 173 – – 0.1 0.6 2.7 8.6 22.6

2014-2 171 – – 0.1 0.8 3.0 11.3 22.9

2015-1 179 – – 0.0 0.6 1.6 7.6 13.1

2015-2 179 – – – 0.3 1.6 6.3 16.4

BEEF CATTLE

2011-1 45 – – 0.0 0.2 0.6 1.8 2.7

2011-2 45 – – – 0.1 0.2 0.7 5.3

2013-1 76 – – – 0.1 0.5 8.7 16.0

2013-2 76 – – – 0.1 0.3 6.5 22.4

2014-1 75 – – – – 0.6 13.1 34.7

2014-2 75 – – – – 0.3 6.4 20.5

2015-1 79 – – – – 0.3 4.3 33.0

2015-2 77 – – – – 0.2 1.8 26.6

–, observed zero; 0, zero by rounding.

this purpose, a calculated semi-annual TF for each holding was
used, based on data at farm level. The impact of factors like
farm size and region on antibiotic usage was investigated via
regression models.

The output of the study presented here is based on voluntary
participation, which carries the risk of a selection bias. The
number of farms enrolled were proportional to the German farm
demographics and therefore a larger number of dairy and a lower
number of beef cattle farms were included (12). Due to ongoing
participant recruitment, there were changes in the population
of study participants, which is typical for open cohort studies.
In relation to the number of participating dairy holdings, there
was a drop from the pilot to the sentinel study. This decline in
participants could not be compensated by new recruitments, and
this has to be taken into account when interpreting the smaller
collective from 2013 on. In contrast, the number of participating
beef cattle farms increased during the observational period. This
may be due to the fact that in 2014 the legal monitoring of
AMU in fattening animals was introduced in Germany (9). In
beef cattle farms, the majority of antimicrobial use data are
transmitted online from the software of veterinary practices to

the governmental monitoring system. Hence beef cattle holdings
could use the same data set to participate in the study with little
additional efforts.

As data from routine documentation are used, this carries the
(“practical”) risk of misallocations to the incorrect production
type group. Especially for calf rearing production type,
designations were not standardized. Generally, distinctions
should be made between calves reared for dairy heifer
replacements, calves reared for beef production, and calves
fattened for veal production (21, 22). The analyzed dataset
contains calves reared on dairy farms for later use as dairy cows or
beef cattle. This production type has to be differentiated between
calves, which are reared and slaughtered for veal production.
When interpreting the results, it should be noted that within
the group of dairy calves there is an inhomogeneity of later
more clearly separable production type groups. However, the risk
of misclassification was minimized by taking into account the
type of the farm reflected in the production types included in
the database, accompanied by regular communication with the
farmers. Concerning dairy cows and beef cattle, misallocations to
the production type groups were unlikely.
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TABLE 2 | Results of the multi-factorial model with square root transformation for the treatment frequency in dairy cows.

Factor Category N Mean CI_l CI_u F-value p-value

Half-year Global 4.348 <0.001

2011-1 474 1.783 1.371 2.249

2011-2 474 1.962 1.529 2.448

2013-1 178 2.109 1.629 2.649

2013-2 175 2.079 1.603 2.618

2014-1 173 2.006 1.534 2.542

2014-2 170 2.231 1.728 2.797

2015-1 177 1.783 1.327 2.307

2015-2 178 1.954 1.451 2.532

Farm size Global 1.174 0.324

Lower third 607 1.856 1.380 2.403

Middle third 647 2.076 1.589 2.630

Upper third 745 2.028 1.557 2.561

Region Global 2.087 0.195

Middle 490 1.750 1.232 2.358

Northwest 1343 2.131 1.541 2.815

East 166 2.088 1.236 3.161

CI_l, CI_u, Lower and upper limit of the 95% confidence interval.

TABLE 3 | Results of the multi-factorial model with logarithm transformation for

the treatment frequency in dairy calves.

Factor Category N Mean CI_l CI_u F-value p-value

Half-year Global 3.606 0.003

2011-1 473 0.442 0.295 0.643

2011-2 473 0.500 0.338 0.723

2013-1 177 0.550 0.359 0.820

2013-2 175 0.601 0.389 0.907

2014-1 173 0.648 0.427 0.963

2014-2 171 0.661 0.433 0.988

2015-1 179 0.443 0.282 0.671

2015-2 179 0.385 0.241 0.589

Farm size Global 6.375 0.005

Lower third 672 0.433 0.272 0.665

Middle third 592 0.462 0.295 0.698

Upper third 736 0.701 0.472 1.022

Region Global 1.167 0.365

Middle 484 0.423 0.248 0.686

Northwest 1343 0.547 0.323 0.890

East 173 0.609 0.264 1.281

CI_l, CI_u, Lower and upper limit of the 95% confidence interval.

To measure the usage of antimicrobial agents, which was
calculated on the basis of the number of used daily doses
(nUDD). This type of calculation was possible because the
information needed is maintained in the ADFs by official
regulation in Germany. As described before, ADFs provide
detailed information on the actual number of animals treated,
number of treatment days and the total amount of antimicrobials
used (11). To draw conclusions about the correctness of dosages
by comparing the UDD with the labeled dose, additional

information is necessary e.g., details of the indication and the
veterinarian’s decision process, which were not included in
our data.

As stated by Pinto Ferreira et al. (23), collecting real use data
at farm level is at this time the most accurate way to monitor
AMU, because only recording the actual use contributes to
avoidance of approximations and resulting data distortion (23).
Monitoring systems for AMU at farm or prescriber level provide
the opportunity to guide individual preventive or corrective
management actions (24). The calculation here is in line with
the general therapy incidence concept (25), but real nUDD
is used instead of nDDD (number of defined daily doses)
and implicit body weight under treatment is used instead of
standardized body weights (17). Half-yearly information on
the number of livestock places of a holding was not available
throughout the project. Therefore, the number of livestock places
initially recorded was taken as a basis for calculation (15). We
anticipate that the resulting bias is negligible, as we know from
transnational data, that the average number of cattle per farm
has barely changed over the years considered in Germany (26).
Between 2013 and 2015, the half-yearly average number of cattle
per farm was 80, 80, 82, 82, 84, and 84, respectively (26). The
number of livestock locations for dairy calves is assumed as the
number of dairy cows per farm and year. However, it should be
taken into account that the period each calf spends on a dairy
farm differs from farm to farm. Assuming that this inaccuracy
is not related to the number of treatments, it would lead, if at
all, to a non-differential information bias. We believe that this
assumption is justified, considering the conditions in calf rearing
in Germany.

Given the differences of national monitoring systems,
transnational comparisons are primarily made based on sales
data. In the framework of the ESVAC project a 53% decrease in
the overall sales of veterinary antimicrobial agents in Germany
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TABLE 4 | Results of the multi-factorial logistic regression model for the treatment frequency in beef cattle.

Factor Category N Use % Odds ratio CI_l CI_u F-value p-value

Half-year Global 6.251 <0.001

2011-1 (ref.) 45 77.78 1.000

2011-2 45 71.11 1.634 0.579 4.609

2013-1 77 56.58 0.522 0.253 1.076

2013-2 76 52.63 0.446 0.260 0.764

2014-1 75 45.33 0.288 0.137 0.607

2014-2 75 37.33 0.217 0.109 0.433

2015-1 79 49.37 0.402 0.231 0.701

2015-2 77 45.46 0.319 0.164 0.621

Farm size Global 9.987 <0.001

Lower third (ref.) 268 38.43 1.000

Middle third 112 57.14 0.898 0.513 1.571

Upper third 169 70.83 2.814 1.653 4.793

Region Global 5.377 0.073

Northwest (ref.) 366 58.90 1.000

Middle 183 38.80 0.461 0.191 1.114

CI_l, CI_u, Lower and upper limit of the 95% confidence interval.

between 2011 and 2015 was reported (7). Trends in sales
data from other European countries, e.g., Denmark, Belgium,
and the Netherlands, showed an obvious reduction of AMU,
as well (27). Within the ESVAC project, there is a cross-
species documentation of the quantities sold, and it is not
possible to allocate the amounts of sold quantities to individual
animal species, animal age categories or production types
(23, 28). Because an exclusive interpretation of quantities sold
cannot provide detailed information on the use of antibiotics,
projects and studies of several countries are trying to quantify
consumption more closely.

AMU in Dairy Cows
Since dairy cows are not included in the official German
antibiotic monitoring system (9), ADFs of dairy farms are
collected and analyzed only within this study in Germany.
Reporting AMU in dairy cows in the QS-system is based on
a small voluntary part of the members only. Therefore, no
results have been reported so far (29). Our results show the
determined half-year TF ranges between 1.9 and 2.2 days with
minor deviations. Compared with the TF calculated for different
production types in pigs within the VetCAb-study by Hemme
et al. (15) for the same time period, the use of antimicrobials in
dairy cows appears to be low but varies over time (15). Merle
et al. (30) identified a TF of 0.85 days per 100 days within
the VetCAb feasibility study for dairy cows (30). Regarding the
shorter observation period, this result corresponds to our results;
no temporal trends were identified within this study.

Denmark reports the overall consumption in cattle remained
constant between 2011 and 2015 (31). It is emphasized that
the vast majority of cattle biomass is comprised by dairy cows,
which have a low consumption of antimicrobial agents compared
to growing animals (31). In addition to the analysis of sales
data, the amount of antibiotics is documented via prescription

records including information on animal species, age-group
and diagnostic grouping (VetStat). In the annual report, the
antimicrobial agents sold for cows and bulls is put together, but
that comparability is not given here. To reduce treatment of
clinical mastitis the Danish Cattle Association introduced the
“milk quality campaign” in 2010 (31).

Using prescription records as data source for AMU is standard
practice in the Netherlands as well. The Netherlands Veterinary
Medicines Institute (SDa) reports AMU in the Netherlands in
dairy farms separately from other cattle. Data is presented as
overall antibiotic use, use of dry cow antibiotics, use as mastitis
injectors as the defined daily dose animal at farm level (DDDAF).
In 2012, 2013, 2014, 2015 the annual median DDDAF was 2.7,
2.8, 2.2, and 2.1, respectively (32). This seems to be on a similar
level, although the TF is working with UDDs and therefore these
measures were not comparable directly.

Belgium has also achieved a reduction in antibiotics used in
the veterinary field in general between 2011 and 2015 (33). In our
study as well as in other studies (30, 34–36), it appears that bovine
mastitis is by far the most common indication in dairy cows
and reason for treatment with antimicrobial agents (37). In line
with this, within the considered period, the majority of antibiotic
prescriptions in cattle were dedicated to dairy cows. A Swedish
study reported that the treatment of dairy cows constitutes the
largest proportion of antibiotic drugs in dairy production, as
well (38). The present evaluations include treatment of udder
diseases and all treatments in the context of dry-cow therapy.
An Austrian study evaluated AMU data with respect to udder
diseases of 248 dairy farms in Austria within a 1 year period
in 2015 and 2016. The determined mean number of Defined
Daily Doses for animals (DDDvet) per cow and year was 1.33
(34). In this study population, treatments for udder disease
made up 36.4% of all antimicrobial treatments. Considering that
within these evaluations dry cow therapy was excluded, these
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results are largely consistent with our results. Since it is well-
known that antimicrobial substances applied intramammary for
dry cow therapy make up a large proportion of the antibiotic
consumption inmilking cows (39), research with respect on these
different treatment options is needed.

AMU in Dairy Calves
Reporting of AMU in dairy calves not reared for veal or beef
production is not mandatory in Germany. Therefore, no direct
comparisons to the compulsory system are possible. Our study
results show that the median of the TF of dairy calves increases
continuously from 0.4 to 0.8 until the 2nd half of the year 2014
and decreases to 0.3 within the year 2015. Antimicrobial agents
sold (kg active compound) in Denmark for calves increased
between 2012 and 2015. However, except for the age (<12
month), the group of calves is not further determined (31). The
reported median of antibiotic use in DDDAF reported by the
Dutch Veterinary Medicine Authority in calf rearing farms in the
Netherlands since 2013 is zero (40). Disparities with our results
in that case can be explained by different national definitions
of the production groups on the basis of gender and age. Due
to differing definitions within this production type group, direct
comparisons in relation to AMU are not feasible. Consistent with
our results, a Swedish study mentioned before that, compared to
the treatment of dairy cows, overall drug use for dairy calves is at
a low level (38) and used to treat mainly respiratory and digestive
diseases if necessary, antimicrobials may be administered in
calves orally or by injection (35, 37). Though factors like
transport and stress contribute to an increased risk of infectious
diseases and become an important determinant of antimicrobial
use (41).

AMU in Beef Cattle
In our study over the course of time, the majority of participating
farms reduced their use of antibiotics calculated as TF to zero.
Compared to the TF of dairy cows, themedian of the semi-annual
TF was at a very low level already at the beginning of the study
and decreased further from 2014 onwards. At the end of the
period considered, more than a half (54.5%) of the participating
farms did not use any antibiotics at all. Our results are in line
with the nationwide monitoring of antibiotic use in beef cattle:
the median and the third quartile of TF are zero (42–44). The QS-
system for beef cattle shows similar results, too (QS). Therefore,
it can be assumed that in the present collective a serious selection
bias is unlikely. The reported median of antibiotic use in DDDAF

reported by the Netherlands Veterinary Medicines Institute in
beef farms is zero since 2013, as well (40).

Factors Associated With AMU
Several studies have already examined associations between
factors such as farm size, region, disease incidence and antibiotic
usage in cattle (45–48). To put these factors in relation with
the AMU data of cattle within the VetCAb collective, regression
models have been calculated for each production type. Hence,
mapping the effects of farm size, region and the veterinarian in
a temporal context is facilitated.

In dairy cows, the estimated means of the TF rose with the
increasing farm size in this study. However, the results of the
model also demonstrate that there is no statistically significant
impact of farm size on TF. Gonzaley Pereyra et al. (45) observed
no significant association between herd size and antimicrobial
use in dairy cows from 18 milking herds, as well (45). In contrast,
an increase in subclinical mastitis with increasing numbers of
cows on Swiss dairy farms was found by Doherr et al. (49). Hill
et al. studied dependencies between herd size and antimicrobial
treatments of diseases like mastitis and lameness on dairy
operations in the United States and found that with increasing
herd size, herd-level disease prevalence increased. However,
with increasing herd size within-herd prevalence seemed to
decrease (46).

In calves, the estimated means of the TF rose with increasing
farm size in this study, showing a statistically significant impact
of farm size on the TF. These results are in line with the
results of other studies: the purchase of calves from dairy
farms is common and known to be one of the biggest risk
factors for disease in dairy calves (50). Most of the indications
for antibiotic treatment in calf production are linked with
respiratory disease and enteritis (37). Frequency of respiratory
tract infections have also been linked with larger calf group
sizes (51). Here a direct comparison is not given, since the
group size in which the calves are held was investigated and not
the total number of livestock locations. Summarizing this, our
findings on the impact of farm size on the frequency of antibiotic
treatments seem plausible due to usual management practices in
calf rearing.

For beef cattle, a very small number of antibiotic treatments
were documented within the considered time period.
Consequently, a logistic regression model was calculated,
to estimate the overall chance of AMU in relation to a given
reference. However, the number of animals treated, the duration
of treatment and the frequency of application are not included in
the model. Results show a statistically significant impact of farm
size on the AMU in beef cattle. Beef cattle are kept in groups and
the purchase of calves from several stocks is common (41). It can
be assumed that consequently in larger beef herds the possibility
for pathogenic exchange and the risk of infectious diseases
increases. To the best of the authors’ knowledge, research on the
impact of farm size on antimicrobial treatments in beef cattle is
limited and further studies are needed.

Taking into account structural differences in terms of livestock
density and forms of animal husbandry, a regionalization of
Germany into agriculturally structurally typically regions was
carried out (20). Although it is assumed that a region may
be a surrogate for management-related differences due to
environment, geography, weather and resources availability that
might affect AMU (52, 53), our study showed that in all three
analyzed production groups the factor region has no statistically
significant impact on the TF.

Pursuant to the current model calculations, the veterinarian
has a statistically significant impact on the TF in dairy
cows and dairy calves. Possible reasons could be different
specializations and experiences of the veterinarians, related to
individual prescription behavior influenced by multiple factors
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like different treatment durations and selection of drugs (54).
Regarding prescribing behavior, Speksnijder et al. found that
an increasing experience of the veterinarian is associated with
being less concerned about possible veterinary contributions
to AMR and also being less concerned to prescribe antibiotics
to prevent animal diseases (55). In another study, Gibbons
et al. determined by means of a questionnaire the factors
influencing the choice of the antimicrobial prescribed. It
emerged that the majority of surveyed veterinarians (95.7%)
considered that the choice of antimicrobial prescribed “often”
or “always” was influenced by the veterinary’s prior experience
of using a drug for a specific condition (56). However,
Cattaneo et al. found a negative relationship between years
of practical experience and knowledge about consequences of
AMR in bovine veterinarians (57). Our results of the logistic
regression model show that the veterinarian has no statistically
significant impact on the general AMU in beef cattle. This
can be explained by the fundamentally different approaches
of the two regression models: in context of the treatment
of infectious diseases pursuant “good veterinary practice”
(58) and corresponding guidelines (59, 60), veterinarians may
differ supposedly more in terms of dosage and duration of
antimicrobial treatment, as in terms of whether an antimicrobial
drug should be applied. Nevertheless, it should be noted
that this factor is not adequately investigated in this study
and was only modeled as a variable effect within the
regression models.

In general, results demonstrate large differences in
antimicrobial usage patterns between the production types
in bovine livestock. The fact that the compared studies come
up with different findings is likely due to the attributes of
the particular study population in terms of age groups and
production sectors used in each study. Production type specific
antibiotic usage data is providing the basis for risk assessment
and the recommendation of appropriate countermeasures
for prevention of AMR. The results of the present survey
emphasize the need for monitoring and evaluating each
cattle production sector separately, considering the respective
characteristics (61).

CONCLUSIONS

According to our study results, antimicrobial use in dairy cow
and dairy calf holdings in Germany varied on a low level across
the period observed. In beef cattle holdings a reduction in
antimicrobial usage was evaluated. To enable comparisons of the
magnitude of antibiotic consumption across regions or countries,
production groups should be defined more clearly. Furthermore,
as “farm size” has a statistically significant impact on the
magnitude of consumption of antibiotics, this should be regularly
considered over time. To achieve the overall objective, the
reduction of antimicrobial usage and antimicrobial resistance,
science based actions need to be taken, reviewed, and adjusted
if necessary taking into account the accompanying variables.
Regular adaptation of monitoring and benchmark systems is a
crucial element in this effort.
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Image S1 | Distribution of the residuals of the multi-factorial model with logarithm

transformation after adding 0.1 for the treatment frequency in dairy cows.

Image S2 | Distribution of the residuals of the multi-factorial model with logarithm

transformation after adding 1 for the treatment frequency in dairy cows.

Image S3 | Distribution of the residuals of the multi-factorial model with square

root transformation for the treatment frequency in dairy cows.

Image S4 | Distribution of the residuals of the multi-factorial model with logarithm

transformation after adding 0.1 for the treatment frequency in dairy calves.

Image S5 | Distribution of the residuals of the multi-factorial model with logarithm

transformation after adding 1 for the treatment frequency in dairy calves.

Image S6 | Distribution of the residuals of the multi-factorial model with square

root transformation for the treatment frequency in dairy calves.

REFERENCES

1. Aarestrup FM. Association between the consumption of antimicrobial
agents in animal husbandry and the occurrence of resistant bacteria
among food animals. Int J Antimicrob Agents. (1999) 12:279–85.
doi: 10.1016/S0924-8579(99)90059-6

2. Chantziaras I, Boyen F, Callens B, Dewulf J. Correlation between veterinary
antimicrobial use and antimicrobial resistance in food-producing animals:
a report on seven countries. J Antimicrob Chemother. (2014) 69:827–34.
doi: 10.1093/jac/dkt443

3. AACTING-network. Systems for Quantification of Antimicrobial Usage.
Available online at: http://www.aacting.org (accessed March 4, 2019)

4. Pinto Ferreira J. Why antibiotic use data in animals needs to be
collected and how this can be facilitated. Front Vet Sci. (2017) 4:213.
doi: 10.3389/fvets.2017.00213

5. European Commission. Directive 2003/99/EC of the European Parliament
and the Council on the Monitoring of Zoonoses and Zoonotic Agents.
(2003). Available online at: https://eur-lex.europa.eu/legal-content/EN/ALL/?
uri=CELEX%3A32003L0099 (accessed March 4, 2019).

6. DIMDI-AMV. Verordnung Über das Datenbankgeschützte
Informationssystem Über Arzneimittel des Deutschen Instituts für Medizinische
Dokumentation und Information (DIMDI-Arzneimittelverordnung), BGBI. I.
S. (2010) 140. p. 4.

7. BVL. Bundesamt für Verbraucherschutz und Lebensmittelsicherheit (BVL).
Menge der abgegebenen Antibiotika in der Tiermedizin halbiert. Berlin.
Available online at: https://www.bvl.bund.de/DE/08_PresseInfothek/01_
FuerJournalisten_Presse/01_Pressemitteilungen/05_Tierarzneimittel/2016/
2016_08_03_pi_Antibiotikaabgabemenge2015.html (accessed March 4,
2019).

8. European Medicines Agency. Trends in the Sales of Veterinary Antimicrobial
Agents in Nine European Countries (2005-2009). (2011) (EMA/238630/2011).

9. Anonymous. Sechzehntes Gesetz zur Änderung des Arzneimittelgesetzes.
Bundesgesetzblatt Jahrgang. Teil I Nr. 62. Bonn (2013).

10. QS Qualität und Sicherheit GmbH. QS Antibiotikamonitoring bei Schweinen,
Mastgeflügel undMastkälbern. (2015). Available online at: https://www.q-s.de/
tieraerzte/antibiotikamonitoring-tieraerzte.html (accessed March 4, 2019).

11. Merle R, Hajek P, Käsbohrer A, Hegger-Gravenhorst C, Mollenhauer
Y, Robanus M, et al. Monitoring of antibiotic consumption in
livestock: a German feasibility study. Prev Vet Med. (2012) 104:34–43.
doi: 10.1016/j.prevetmed.2011.10.013

12. Statistisches Bundesamt. Land- und Forstwirtschaft, Fischerei -
Viehbestand und tierische Erzeugung 2013. (2014). Wiesbaden:
Statistisches Bundesamt.

13. van Rennings L, von Münchhausen C, Ottilie H, Hartmann M, Merle R,
Honscha W, et al. Cross-sectional study on antibiotic usage in pigs in
Germany. PLoS ONE. (2015) 10:e0119114. doi: 10.1371/journal.pone.0119114

14. Anonymous. Verordnung über die Durchführung vonMittelungen nach §§ 58a
und 58b des Arzneimittelgesetzes (TAMMitDurchfV) Bonn (2014).

15. Hemme M, Ruddat I, Hartmann M, Werner N, van Rennings L,
Kasbohrer A, et al. Antibiotic use on German pig farms - A longitudinal
analysis for 2011, 2013 and 2014. PLoS ONE. (2018) 13:e0199592
doi: 10.1371/journal.pone.0199592

16. Hemme M, Käsbohrer A, von Münchhausen C, Hartmann M, Merle R,
Kreienbrock L. Unterschiede in der Berechnung des betriebsbezogenen
Antibiotika-Einsatzes in Monitoringsystemen in Deutschland -
eine Übersicht. Berl Münch Tierärztl Wschr. (2017) 130: 93–101.
doi: 10.2376/0005-9366-16065

17. Schaekel F, May T, Seiler J, Hartman M, Kreienbrock L. Antibiotic drug
usage in pigs in Germany–Are the class profiles changing? PLoS ONE. (2017)
12:e0182661. doi: 10.1371/journal.pone.0182661

18. van Rennings L, Merle R, von Münchhausen C, Stahl J, Honscha W,
Käsbohrer A, et al. Variables describing the use of antibiotics in food-
producing animals / Variablen zur Beschreibung des Antibiotikaeinsatzes
beim Lebensmittel liefernden Tier. Berl Münch Tierärztl Wochenschr. (2013)
126: 297–309. doi: 10.2376/0005-9366-126-297

19. Huber PJ. Robust statistics. In: Lovric M, editor. International Encyclopedia
of Statistical Science. Berlin; Heidelberg: Springer (2011). p. 1248-51.
doi: 10.1007/978-3-642-04898-2_594

20. Merle R, Busse M, Rechter G, Meer U. Regionalisation of Germany by
data of agricultural structures. / Regionalisierung Deutschlands anhand
landwirtschaftlicher Strukturdaten. Berl Munch Tierarztl Wochenschr. (2012)
125:52–59. doi: 10.2376/0005-9366-125-52

21. Weiß J, Pabst W, Granz S. Tierproduktion. 14th ed. Enke: Stuttgart (2011).
doi: 10.1055/b-002-8312

22. Moran J. Calf Rearing: A Practical Guide. 22nd ed. Collingwood, VIC:
Landlinks Press; Natural Resources and Environment (2002). p. 2.
doi: 10.1071/9780643069909

23. Pinto Ferreira J, Staerk K. Antimicrobial resistance and antimicrobial use
animal monitoring policies in Europe: where are we? J Public Health Policy.
(2017) 38:185–202. doi: 10.1057/s41271-017-0067-y

24. Speksnijder DC, Mevius DJ, Bruschke CJ, Wagenaar JA. Reduction of
veterinary antimicrobial use in the Netherlands. The Dutch success model.
Zoonoses Public Health. (2015) 62(Suppl. 1):79–87. doi: 10.1111/zph.
12167

25. Timmerman T, Dewulf J, Catry B, Feyen B, Opsomer G, Kruif A,
et al. Quantification and evaluation of antimicrobial drug use in group
treatments for fattening pigs in Belgium. Prev Vet Med. (2006) 74:251–63.
doi: 10.1016/j.prevetmed.2005.10.003

26. Statistisches Bundesamt. Land- und Forstwirtschaft, Fischerei - Viehbestand
und tierische Erzeugung 2015. (2016). Wiesbaden: Statistisches Bundesamt.

27. European Medicines Agency. European Surveillance of Veterinary
Antimicrobial Consumption (ESVAC). Sales of veterinary antimicrobial
agents in 30 European countries in 2015. (EMA/184855/2017) (2017) .

28. Bondt N, Jensen VF, Puister-Jansen LF, van Geijlswijk IM. Comparing
antimicrobial exposure based on sales data. Prev Vet Med. (2013) 108:10–20.
doi: 10.1016/j.prevetmed.2012.07.009

29. QS Qualität und Sicherheit GmbH. Leitfaden Antibiotikamonitoring
Rindermast Bonn: QS Qualität und Sicherheit GmbH. (2015). Available online
at: https://www.q-s.de/dokumentencenter/dc-antibiotikamonitoring-rind.
html (accessed March 4, 2019).

30. Merle R, Mollenhauer Y, Hajek P, Robanus M, Hegger-Gravenhorst C,
Honscha W, et al. Verbrauchsmengenerfassung von Antibiotika beim
Rind in landwirtschaftlichen Betrieben. Berl Münch Tierärztl Wochenschr.
(2013) 126:318–25. doi: 10.2376/0005-9366-126-318

Frontiers in Veterinary Science | www.frontiersin.org 10 July 2019 | Volume 6 | Article 244

https://www.frontiersin.org/articles/10.3389/fvets.2019.00244/full#supplementary-material
https://doi.org/10.1016/S0924-8579(99)90059-6
https://doi.org/10.1093/jac/dkt443
http://www.aacting.org
https://doi.org/10.3389/fvets.2017.00213
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32003L0099
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32003L0099
https://www.bvl.bund.de/DE/08_PresseInfothek/01_FuerJournalisten_Presse/01_Pressemitteilungen/05_Tierarzneimittel/2016/2016_08_03_pi_Antibiotikaabgabemenge2015.html
https://www.bvl.bund.de/DE/08_PresseInfothek/01_FuerJournalisten_Presse/01_Pressemitteilungen/05_Tierarzneimittel/2016/2016_08_03_pi_Antibiotikaabgabemenge2015.html
https://www.bvl.bund.de/DE/08_PresseInfothek/01_FuerJournalisten_Presse/01_Pressemitteilungen/05_Tierarzneimittel/2016/2016_08_03_pi_Antibiotikaabgabemenge2015.html
https://www.q-s.de/tieraerzte/antibiotikamonitoring-tieraerzte.html
https://www.q-s.de/tieraerzte/antibiotikamonitoring-tieraerzte.html
https://doi.org/10.1016/j.prevetmed.2011.10.013
https://doi.org/10.1371/journal.pone.0119114
https://doi.org/10.1371/journal.pone.0199592
https://doi.org/10.2376/0005-9366-16065
https://doi.org/10.1371/journal.pone.0182661
https://doi.org/10.2376/0005-9366-126-297
https://doi.org/10.1007/978-3-642-04898-2_594
https://doi.org/10.2376/0005-9366-125-52
https://doi.org/10.1055/b-002-8312
https://doi.org/10.1071/9780643069909
https://doi.org/10.1057/s41271-017-0067-y
https://doi.org/10.1111/zph.12167
https://doi.org/10.1016/j.prevetmed.2005.10.003
https://doi.org/10.1016/j.prevetmed.2012.07.009
https://www.q-s.de/dokumentencenter/dc-antibiotikamonitoring-rind.html
https://www.q-s.de/dokumentencenter/dc-antibiotikamonitoring-rind.html
https://doi.org/10.2376/0005-9366-126-318
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Hommerich et al. Antimicrobial Usage in German Cattle

31. DANMAP. DANMAP 2015 - Use of Antimicrobial Agents and Occurrence of
Antimicrobial Resistance in Bacteria From Food Animals, Food and Humans
in Denmark. Denmark: Microbiology and Infection Control, Statens Serum
Institute; National Food Institute, Technical University of Denmark (2016).

32. SDa Autoriteit Diergeneesmiddelen. Usage of Antibiotics in Agricultural
Livestock in the Netherlands in 2015—Trends, Benchmarking of Livestock
Farms and Veterinarians, and a Revision of the BenchmarkingMethod, Utrecht
(2016).

33. Van Cleven A, Dewulf J, Hoet B, Minne D. Belgian Veterinary Surveillance
of Antimicrobial Consumption — National consumption Report 2016. (2017)
Available online at: http://www.belvetsac.ugent.be/BelvetSAC_report_2016.
pdf (accessed March 4, 2019).

34. Firth CL, Käsbohrer A, Schleicher C, Fuchs K, Egger-Danner C, Mayerhofer
M, et al. Antimicrobial consumption on Austrian dairy farms: an
observational study of udder disease treatments based on veterinary
medication records. Peer J. (2017) 5:e4072. doi: 10.7717/peerj.4072

35. Gonzalez SM, Steiner A, Gassner B, Regula G. Antimicrobial use in Swiss dairy
farms: quantification and evaluation of data quality. Prev Vet Med. (2010)
95:50–63. doi: 10.1016/j.prevetmed.2010.03.004

36. Kuipers A, Koops WJ, Wemmenhove H. Antibiotic use in dairy herds
in the Netherlands from 2005 to 2012. J Dairy Sci. (2016) 99:1632–48.
doi: 10.3168/jds.2014-8428

37. De Briyne N, Atkinson J, Pokludova L, Borriello SP. Antibiotics used
most commonly to treat animals in Europe. Vet Rec. (2014) 175:325.
doi: 10.1136/vr.102462

38. Ortman K, Svensson C. Use of antimicrobial drugs in Swedish dairy calves and
replacement heifers.Vet Record. (2004) 154: 126–40. doi: 10.1136/vr.154.5.136

39. Kromker V, Leimbach S. Mastitis treatment–reduction in antibiotic
usage in dairy cows. Reprod Dom Anim. (2017) 52(Suppl. 3):21–9.
doi: 10.1111/rda.13032

40. SDa. Autoriteit Diergeneesmiddelen. Usage of Antibiotics in Agricultural
Livestock in the Netherlands in 2017—Trends and Benchmarking of Livestock
Farms and Veterinarians. Utrecht: The Netherlands Veterinary Medicines
Institute (2018).

41. McEwen SA, Fedorka-Cray PJ. Antimicrobial use and resistance in animals.
Clin Infect Dis. (2002) 34(Suppl. 3):S93–106. doi: 10.1086/340246

42. BVL. Bekanntmachung des Medians und des Dritten Quartils der vom
01. Juli bis 31. Dezember 2014 Erfassten bundesweiten Betrieblichen
Therapiehäufigkeiten für Mastrinder, Mastschweine, Masthühner und
Mastputen nach §58c Absatz 4 des Arzneimittelgesetzes. (2015).
Available online at: https://www.bvl.bund.de/SharedDocs/Downloads/
05_Tierarzneimittel/Bekanntmachungen/2015_03_31_Bekanntmachung_
BAnz.pdf?__blob=publicationFile&v=7 (accessed March 4, 2019).

43. BVL. Bekanntmachung des Medians und des dritten Quartils der vom
1. Januar 2015 bis 30. Juni 2015 Erfassten Bundesweiten Betrieblichen
Therapiehäufigkeiten für Mastrinder, Mastschweine, Masthühner und
Mastputen nach § 58c Absatz 4des Arzneimittelgesetzes 2015. Available at:
https://www.bvl.bund.de/SharedDocs/Downloads/05_Tierarzneimittel/
Fachmeldungen/BAnz_Therapiehaufigkeit_30092015.pdf?__blob=
publicationFile&v=5 (accessed March 4, 2019)

44. BVL. Bekanntmachung des Medians und des Dritten Quartils der vom
1. Juli 2015 bis 31. Dezember 2015 Erfassten Bundesweiten Betrieblichen
Therapiehäufigkeiten für Mastrinder, Mastschweine, Masthühner und
Mastputen nach § 58c Absatz 4 des Arzneimittelgesetzes. (2016).
Available online at: https://www.bvl.bund.de/SharedDocs/Downloads/
05_Tierarzneimittel/Fachmeldungen/BAnz_Therapiehaufigkeit_31032016.
pdf?__blob=publicationFile&v=9 (accessed March 4, 2019).

45. Gonzalez Pereyra V, Pol M, Pastorino F, Herrero A. Quantification of
antimicrobial usage in dairy cows and preweaned calves in Argentina. Prev
Vet Med. 122 (2015) 3:273–9. doi: 10.1016/j.prevetmed.2015.10.019

46. Hill AE, Green AL, Wagner BA, Dargatz DA. Relationship between herd size
and annual prevalence of and primary antimicrobial treatments for common
diseases on dairy operations in the United States. Prev Vet Med. (2009)
88:264–77. doi: 10.1016/j.prevetmed.2008.12.001

47. Lava M, Schupbach-Regula G, Steiner A, Meylan M. Antimicrobial drug
use and risk factors associated with treatment incidence and mortality

in Swiss veal calves reared under improved welfare conditions. Prev
Vet Med. (2016) 126(Suppl. C):121–30. doi: 10.1016/j.prevetmed.2016.
02.002

48. Saini V, McClure JT, Scholl DT, DeVries TJ, Barkema HW. Herd-level
association between antimicrobial use and antimicrobial resistance in bovine
mastitis Staphylococcus aureus isolates on Canadian dairy farms. J Dairy Sci.
(2012) 95:1921–9. doi: 10.3168/jds.2011-5065

49. Doherr MG, Roesch M, Schaeren W, Schallibaum M, Blum JW. Risk
factors associated with subclinical mastitis in dairy cows in Swiss organic
and conventional production system farms. Vet Med. (2007) 11:487–95.
doi: 10.17221/2060-VETMED

50. Santman-Berends IM, BuddigerM, Smolenaars AJ, Steuten CD, Roos CA, Van
Erp AJ, et al. A multidisciplinary approach to determine factors associated
with calf rearing practices and calf mortality in dairy herds. Prev Vet Med.
(2014) 117:375–87. doi: 10.1016/j.prevetmed.2014.07.011

51. Svensson C, Liberg P. The effect of group size on health and growth rate of
Swedish dairy calves housed in pens with automatic milk-feeders. Prev Vet
Med. (2006) 73:43–53. doi: 10.1016/j.prevetmed.2005.08.021

52. Saini V, McClure JT, Leger D, Dufour S, Sheldon AG, Scholl DT, et al.
Antimicrobial use on Canadian dairy farms. J Dairy Sci. (2012) 95:1209–21.
doi: 10.3168/jds.2011-4527

53. Tenhagen B-A, Alt K, Pfefferkorn B, Wiehle L, Käsbohrer A, Fetsch A. Short
communication: methicillin-resistant Staphylococcus aureus in conventional
and organic dairy herds in Germany. J Dairy Sci. (2018) 101:3380–6.
doi: 10.3168/jds.2017-12939

54. Speksnijder DC, Jaarsma AD, van der Gugten AC, Verheij TJ, Wagenaar JA.
Determinants associated with veterinary antimicrobial prescribing in farm
animals in the netherlands: a qualitative study. Zoonoses Public Health. (2015)
62(Suppl. 1)39–51. doi: 10.1111/zph.12168

55. Speksnijder DC, Jaarsma DA, Verheij TJ, Wagenaar JA. Attitudes and
perceptions of Dutch veterinarians on their role in the reduction of
antimicrobial use in farm animals. Prev Vet Med. (2015) 121:365–73.
doi: 10.1016/j.prevetmed.2015.08.014

56. Gibbons JF, Boland F, Buckley JF, Butler F, Egan J, Fanning S, et al. Influences
on antimicrobial prescribing behaviour of veterinary practitioners in cattle
practice in Ireland. Vet Rec. (2013) 172:14. doi: 10.1136/vr.100782

57. Cattaneo AA, Wilson R, Doohan D, LeJeune JT. Bovine veterinarians’
knowledge, beliefs, and practices regarding antibiotic resistance on Ohio dairy
farms. J Dairy Sci. (2009) 92:3494–502. doi: 10.3168/jds.2008-1575

58. BPT. Kodex GVP, Gute Veterinärmedizinische Praxis - Wirksames Instrument
für Gezieltes Qualitätsmanagement in der Tierärztlichen Praxis und Klinik.
Frankfurt am Main: Bundesverband praktizierender Tierärzte e V. (2007).

59. BTK., ArgeVET. Leitlinien für den sorgfältigen Umgang mit antibakteriell
wirksamen Tierarzneimitteln. Dt Tierärzteblatt. 2015: als Beilage, überarbeitete
Fassung (2015).

60. Anonymous. Verordnung Über Tierärztliche Hausapotheken (TÄHAV) in
der Fassung der Bekanntmachung vom 8. Juli 2009 (BGBl. I S. 1760), die
Durch Artikel 1 der Verordnung vom 21. (2018) (BGBl. I S. 213) geändert
worden ist. Available online at: https://www.gesetze-im-internet.de/t_hav/
BJNR021150975.html (accessed March 4, 2019).

61. EMA. Questions and Answers for the Gidance on Collection and Provision
of National Data on Antimicrobial Use by Animal Species/Categories.
Amsterdam: European Medicines Agency (EMA/489035/2016-Rev.1):3/6
(2018).

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Hommerich, Ruddat, Hartmann, Werner, Käsbohrer and
Kreienbrock. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 11 July 2019 | Volume 6 | Article 244

http://www.belvetsac.ugent.be/BelvetSAC_report_2016.pdf
http://www.belvetsac.ugent.be/BelvetSAC_report_2016.pdf
https://doi.org/10.7717/peerj.4072
https://doi.org/10.1016/j.prevetmed.2010.03.004
https://doi.org/10.3168/jds.2014-8428
https://doi.org/10.1136/vr.102462
https://doi.org/10.1136/vr.154.5.136
https://doi.org/10.1111/rda.13032
https://doi.org/10.1086/340246
https://www.bvl.bund.de/SharedDocs/Downloads/05_Tierarzneimittel/Bekanntmachungen/2015_03_31_Bekanntmachung_BAnz.pdf?__blob=publicationFile&v=7
https://www.bvl.bund.de/SharedDocs/Downloads/05_Tierarzneimittel/Bekanntmachungen/2015_03_31_Bekanntmachung_BAnz.pdf?__blob=publicationFile&v=7
https://www.bvl.bund.de/SharedDocs/Downloads/05_Tierarzneimittel/Bekanntmachungen/2015_03_31_Bekanntmachung_BAnz.pdf?__blob=publicationFile&v=7
https://www.bvl.bund.de/SharedDocs/Downloads/05_Tierarzneimittel/Fachmeldungen/BAnz_Therapiehaufigkeit_30092015.pdf?__blob=publicationFile&v=5
https://www.bvl.bund.de/SharedDocs/Downloads/05_Tierarzneimittel/Fachmeldungen/BAnz_Therapiehaufigkeit_30092015.pdf?__blob=publicationFile&v=5
https://www.bvl.bund.de/SharedDocs/Downloads/05_Tierarzneimittel/Fachmeldungen/BAnz_Therapiehaufigkeit_30092015.pdf?__blob=publicationFile&v=5
https://www.bvl.bund.de/SharedDocs/Downloads/05_Tierarzneimittel/Fachmeldungen/BAnz_Therapiehaufigkeit_31032016.pdf?__blob=publicationFile&v=9
https://www.bvl.bund.de/SharedDocs/Downloads/05_Tierarzneimittel/Fachmeldungen/BAnz_Therapiehaufigkeit_31032016.pdf?__blob=publicationFile&v=9
https://www.bvl.bund.de/SharedDocs/Downloads/05_Tierarzneimittel/Fachmeldungen/BAnz_Therapiehaufigkeit_31032016.pdf?__blob=publicationFile&v=9
https://doi.org/10.1016/j.prevetmed.2015.10.019
https://doi.org/10.1016/j.prevetmed.2008.12.001
https://doi.org/10.1016/j.prevetmed.2016.02.002
https://doi.org/10.3168/jds.2011-5065
https://doi.org/10.17221/2060-VETMED
https://doi.org/10.1016/j.prevetmed.2014.07.011
https://doi.org/10.1016/j.prevetmed.2005.08.021
https://doi.org/10.3168/jds.2011-4527
https://doi.org/10.3168/jds.2017-12939
https://doi.org/10.1111/zph.12168
https://doi.org/10.1016/j.prevetmed.2015.08.014
https://doi.org/10.1136/vr.100782
https://doi.org/10.3168/jds.2008-1575
https://www.gesetze-im-internet.de/t_hav/BJNR021150975.html
https://www.gesetze-im-internet.de/t_hav/BJNR021150975.html
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Monitoring Antibiotic Usage in German Dairy and Beef Cattle Farms—A Longitudinal Analysis
	Introduction
	Materials and Methods
	Study Population and Data Collection
	Measuring Antibiotic Usage
	Statistical Analysis

	Results
	Study Population
	Antibiotic Usage and Treatment Frequency
	Regression Models

	Discussion
	AMU in Dairy Cows
	AMU in Dairy Calves
	AMU in Beef Cattle
	Factors Associated With AMU

	Conclusions
	Data Availability
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


