
ABSTRACT

Antimicrobial use (AMU) in Switzerland is above 
target and requires reduction especially in dairy cattle. 
Measuring AMU is pivotal to identify starting points 
for AMU reduction and so are studies investigating its 
potential drivers in dairy farms worldwide. However, 
although AMU in dairy farms is high, studies estimat-
ing AMU specifically in tie stall farms are scarce. Tie 
stalls are a common housing system and their preva-
lence among dairy farms accounts to approximatively 
73%, 41% and 40% in Canada, the US and Switzerland, 
respectively. The objectives of this cross-sectional, ret-
rospective observational study were to estimate AMU 
using the newly established Swiss national reporting 
system for AMU in livestock and to identify associated 
factors on Swiss tie stall dairy farms. We calculated the 
treatment incidence (TI) by using the European Medi-
cines Agency’s methodology and their Defined Daily 
and Defined Course Dose (DDD/DCD) standards. Data 
on factors potentially associated with AMU were ob-
tained through personal interviews with farm managers 
on 221 farms. Retrospectively, during a 1-year period, 
data on a total of 7,619 treatments were extracted from 
the national database. Associations between manage-
ment factors and TI were analyzed using a general-
ized linear model with gamma distribution. The mean 
overall TI was 5.46 DDD/cow-year (±standard devia-
tion: 4.10 DDD/cow-year). Intramammary treatment 
during lactation accounted for highest TI (3.24; ± 3.16 
DDD/cow-year), whereas dry-cow therapy accounted 
for lowest TI (0.44; ± 0.49 DCD/cow-year). Five of the 
investigated management factors were significantly as-
sociated with TI. Organic production (estimate −2.16; 
95% confidence interval [95 CI] −3.62, −0.70) and herd 
size (estimate −0.81; 95 CI −1.23, −0.39) were nega-

tively associated with TI. Specific cow breeds (Brown 
Swiss and Holstein Friesian: estimate 1.56; 95 CI 0.45, 
2.68; estimate 1.42; 95 CI 0.03, 2.82, respectively; refer-
ence: other breeds) and the use of hygienic powders on 
the lying area (estimate 1.10; 95 CI 0.04, 2.17) were 
positively associated with TI. In conclusion, the Swiss 
national reporting system is a valuable tool for AMU 
estimation. Several herd characteristics and manage-
ment factors were associated with AMU in tie stall 
farms. Further studies focusing on factors associated 
with AMU and which are amenable to intervention will 
help improve stewardship programs and subsequently 
reduce AMU in dairy cows.
Key words: tie stalls, management, dairy cows, 
antimicrobial use, national reporting system

INTRODUCTION

Antimicrobial use (AMU) in dairy cows and other 
livestock contributes to the emergence and spread of 
antimicrobial resistance (AMR), which is a major 
threat for human and animal health (Loo et al., 2019; 
Abdelfattah et al., 2021; CDC, 2022). To tackle this 
transboundary crisis, the World Health Organization 
(WHO) adopted a global action plan on AMR in 2015 
(WHO, 2015). Together with the World Organization 
for Animal Health (WOAH) and the Food and Agricul-
ture Organization (FAO) they conform the so known 
tripartite organizations and assist countries with their 
national action plans on AMR, which include improve-
ments in the digital recording and reporting of AMU 
(OIE, 2018; Umair et al., 2021; Doyle et al., 2022).

In developed countries, approximatively 50–80% 
of total AMU is used in livestock farming (Cully M., 
2014), and most is used in poultry, swine, and dairy 
cattle (Cuong et al., 2018). In the US, approximately 
80% is used in food-producing animals (Van Boeckel 
et al., 2015). Relative to its dairy cattle population, 
Switzerland is among the highest users of antimicrobi-
als in dairy cattle, notably concerning intramammary 
products (ESVAC, 2021). Accuracy in measuring and 
reporting AMU is crucial to identify potential drivers 
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of AMU and subsequently implement efficient AMU 
reduction strategies (Ferreira, 2017). Several countries 
have therefore implemented reporting systems for 
the quantification of antimicrobial drug consumption 
(AACTING, 2021; Government of Canada, 2021; Dutch 
Working Party on Antibiotic Policy (SWAB), 2023). In 
the US, there are requirements for drug manufacturers 
to report sales data to the Food and Drug Administra-
tion (FDA), but farm-level AMU reporting directives 
are currently lacking (FDA, 2018; Schrag et al., 2020). 
In Switzerland, a national reporting system for AMU, 
entitled “Informationssystem für den Antibiotikaverbr-
auch in der Veterinärmedizin” (IS ABV, english name: 
“Information System of Antimicrobials in Veterinary 
Medicine”), was launched in the frame of the National 
Strategy on Antibiotic Resistance (StAR) in 2019 
(BLV, 2023). There are substantial variations in AMU 
quantification methodologies (Ferreira, 2017; Umair 
et al., 2021) posing a challenge for direct comparisons 
among farms and countries. Efforts are made in the 
European Union to harmonize recording and report-
ing metrics (Ferreira, 2017). The Defined Daily Dose 
(DDD) and Defined Course Dose (DCD) methodol-
ogy has been suggested by the European Surveillance 
of Veterinary Antimicrobial Consumption (ESVAC) 
project launched by the European Medicines Agency 
(EMA) (EMA, 2013). Defined daily doses are avail-
able for pigs, cattle, and poultry (EMA, 2016), and 
are necessary to estimate the treatment incidence (TI) 
from sales or prescription data. The doses are defined 
as follows: i) the DDD is the assumed average dose per 
kg animal per species per day, and ii) the DCD is the 
assumed average dose per kg animal per species per 
treatment course (EMA, 2015).

Reducing AMU has not only been in the scope of 
the governments and international organizations, but 
also of the scientific community. Several studies have 
focused on identifying drivers of AMU in dairy cattle. 
Results show that on farm level, potential risk factors 
relate to farm characteristics such as herd size (Krogh 
et al., 2020; Lardé et al., 2021), milk yield (Saini et al., 
2012; Gussmann et al., 2018) and somatic cell count 
(SCC) (Gussmann et al., 2018). Management-related 
associations with AMU were found for calf-rearing 
practices and include nutritional aspects, housing and 
flooring type, cleaning habits and biosecurity (Holstege 
et al., 2018; Mallioris et al., 2022; Uyama et al., 2022). 
Other important influencing factors are socio-economic 
and behavioral aspects like veterinary advice, the pro-
ducer’s personal experience, awareness of AMR, exter-
nal societal pressure as well as clinical signs and animal 
welfare, drug attributes like the withholding period 
and economic aspects, among others (McDougall et al., 
2017; Ekakoro et al., 2018; Doyle et al., 2022; Farrell et 

al., 2023;). At the animal level, identified risk factors 
are breed in veal calf production (Lava et al., 2016), 
and sex (Diana et al., 2021). More generally, breed 
differences in susceptibility to disease are recognized 
(Kelm et al., 2001) and as such might correlate with 
AMU.

However, the association between AMU and dairy 
cow management practices in Swiss dairy farms re-
mains largely unclear and may provide further insights 
for AMU reduction.

Tie stalls remain a widespread housing system ac-
counting for approximatively 73%, 41% and 40% of Ca-
nadian, American and Swiss dairy farms, respectively 
(USDA, 2018; CDIC, 2020; Swiss Federal Statistical 
Office, 2016, as cited by Bernhard et al., 2020). Studies 
investigating drivers of AMU specifically in tie stalls 
are scarce, but hint to differences between housing sys-
tems (Spycher et al., 2002; Van Aken et al., 2022).

The objectives of this study were to estimate AMU 
in dairy cows on Swiss tie stall farms one year before 
farm enrolment, using data from the recently launched 
national reporting system, and to identify management-
related factors associated with AMU in dairy cows in tie 
stall farms. We hypothesized that herd characteristics 
and management are associated with the antimicrobial 
TI.

MATERIALS AND METHODS

Study Design and Ethic Statement

A cross-sectional, retrospective observational study 
was conducted in the frame of a larger investigation 
on AMU and AMR in Swiss tie stall farms. Ethical 
approval for animal experimentation was obtained from 
all cantons (political districts) of Switzerland (n = 26, 
authorization no. BE76/2021).

Farm Recruitment

Eligible farmers needed to be milk producers and 
house lactating cows in tie stall barns, with each cow on 
an individual stand. To recruit farmers, newspaper ar-
ticles were published in the agricultural press between 
October 2021 and March 2022. In addition, a short 
notice was released in specific cattle magazines (CH-
braunvieh, Holstein news Switzerland and Swissherd-
book). Invitation letters for participation were sent 
through the Swiss tie stall association to its members 
alongside a short publication on the respective official 
webpage. Furthermore, farmers were recruited via 11 
agricultural schools located in the cantons of Argovia, 
Bern, Basel-Country, Fribourg, Grisons, Lucerne, St. 
Gallen, Solothurn, Thurgovia and Zurich. Registration 
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for study participation was either done through signing 
up on a project-specific webpage or by contacting the 
first author by telephone or email. All farmers partici-
pated voluntarily and were not remunerated.

Data Collection

Questionnaire. A questionnaire on general farm 
characteristics, herd management and health man-
agement practices was developed in German, then 
checked for accuracy and relevance with farmers (n = 
2). For French-speaking farmers, the questionnaire was 
translated into French. One veterinarian (first author) 
conducted the questionnaire-based interview with the 
farmers during farm visits to assess farm management 
characteristics. Answers were recorded on paper, then 
entered into a Microsoft Access datasheet (version 
2016, Microsoft Corporation, Redmond, WA, USA) 
and exported to Microsoft Excel (version 2016, Mi-
crosoft Corporation, Redmond, WA, USA) for further 
handling, subsequently.

AMU Data. Written informed consent was ob-
tained from farmers and their respective veterinarians 
to request from the IS ABV their respective AMU data 
for research purposes. Veterinarians are obliged by law 
to submit information on prescriptions containing anti-
microbials to a government-driven database via the ‘IS 
ABV web tool’ or automatically via the practitioners’ 
accounting software. This data includes detailed infor-
mation on animal species, production category (heifers, 
suckler cows, piglets, etc.), administration route, thera-
peutic product, dosage or number of units, concerned 
organ(s), and diagnosis, among others. Data is stored 
by the Food Safety and Veterinary Office FSVO for 
each practitioner and animal owner. However, data ac-
cessibility for research purposes is strictly limited to a 
subset of the original data and personal data of farmers 
and veterinarians may not be published. Therefore, the 
data set available for the present study does not con-
tain the full information. Notably, commercial names of 
therapeutic products were not available for this study. 
Records of AMU of participating farms were obtained 
from the IS ABV (BLV, 2023).

Data Analyses.

Questionnaire Data Descriptive statistics of farm 
characteristics and management practices data was 
performed using NCSS® (version 22.0.3, NCSS, LLC, 
Kaysville, UT, USA) and Microsoft Excel (version 2016, 
Microsoft Corporation, Redmond, WA, USA). Categor-
ical variables included for analysis were predominant 
dairy breed, production system (e.g., organic), vaccina-
tions, culturing milk sample before mastitis treatment, 

presence and type of other livestock species, seasonal 
movement for summer grazing to mountain pastures, 
cow replacement strategy, main bedding type, and use 
of hygienic powders on the lying area (i.e., chalk). Nu-
merical variables were total herd size (cows, heifers, 
calves and bull if present), annual average SCC, annual 
average farm-level milk yield, and average number of 
days of access to outdoor paddock per month during 
winter. The annual average SCC was calculated as the 
mean of the yield-adjusted herd average SCC of the 11 
monthly test days before the visit. These tests are made 
in the frame of milk performance assessments, where 
all cows are evaluated at the individual level. Seasonal 
alpine pasturing was considered for either cows, heifers, 
or both. For the descriptive statistics of variables with 
multiple-choice options (i.e., vaccines), all answers were 
considered and presented as the proportion of responses 
for each category. Finally, the data was checked for im-
plausible values (entry errors) and outliers. Such values 
in the questionnaire were removed from the data set.

AMU Data The following exclusion criteria were 
successively applied during the data cleaning process: 
Raw data set provided by IS ABV (total entries n = 
34,765), data outlying the one year period prior farm 
visit (remaining entries n = 15,175); ‘prescription type’: 
prescriptions dispensed on stock, oral group therapy, 
non-oral group therapy (n = 11,973); ‘species’: pigs, 
sheep, goats, other (n = 11,851); ‘production category’: 
'rearing calves’, ‘rearing heifers’, ‘veal calves’, ‘beef cat-
tle’, ‘suckler cows’, ‘suckler calves’, ‘other (heifers)’ (n 
= 7,714). Remaining records with no written consent 
from the farm veterinarian were excluded in the last 
step (n = 7,619). Only prescriptions containing anti-
microbials one year before the date of farm visit and 
belonging to the categories ‘dairy cows’ and ‘individual 
therapy’ remained in the data set.

Treatment incidences for each treatment and admin-
istration route were calculated using the DDD method-
ology as suggested by EMA (EMA 2013; EMA 2016) 
and aggregated on farm level. For each farm, TI was 
expressed as corrected TI per animal-year, i.e., total TI 
of all treatments of all treated cows was divided by the 
number of all cows (treated and non-treated). Overall 
treatment incidence of treated cows, grouped per a) ad-
ministration route and b) antimicrobial class is shown 
in supplementary Table S1 (data will be published after 
peer-review process).

For TI calculation, only treatments with therapeu-
tic products containing antimicrobials were processed. 
Prescriptions for parenteral treatments containing 
treatments with 2 antimicrobial drugs were counted 
as 2 treatments. Where available, DDD values for 
combination products were used. First, treatments 
were attributed to administration routes (parenteral, 
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intramammary and intrauterine). For parenteral ad-
ministrations, the amount of used antimicrobials (i.e., 
active substances in mg) was extracted from IS ABV 
for each treatment. The formula used for calculation for 
the parenteral route (TISYS) is provided in formula 1. 
For intramammary and intrauterine routes, amounts of 
used antimicrobials were measured as number of injec-
tors and of units of intrauterine products (i.e., tablets), 
respectively. Calculation of intramammary products for 
lactating and dry cows (TIIMM, TIDRY) was performed 
using a modified formula used by Pucken et al. (2021) 
and is provided in formula 2 and 3, respectively. For 
intrauterine products (TIIU), calculation was performed 
with formula 4. Since data only include treatments 
within exactly one year before the date of farm visit, 
observation period was one year throughout. The unit 
of TI is “treatment days per cow-year” for all admistra-
tion routes and overall TI.

Formula 1)
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Formula 4)
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total no of intrauterine tablets
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×
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×365 d.

Values of DDD for animals were extracted from Eu-
ropean recommendations for the production category 
‘dairy cows‘ and their respective administration routes 
(EMA, 2016). Regarding intramammary formulations 
for use during lactation, entries have been handled as 
1 injector per cow per day. The unit of DDD is unit 
dose per teat (UD/teat). For dry cow therapy, the unit 
of the defined course dose (DCD) is unit dose per ud-
der (UD/udder), corresponding to 4 injectors per cow. 
Missing official DCD values for dry-off products were 
set as 4 UD/udder. If the total amount of injectors 
prescribed for dry-off was less than 4, the given amount 
was corrected to 4 injectors, handling them as entry 
errors since selective dry cow therapy at the teat level is 
not a common practice in Switzerland. Cows are typi-
cally dried-off depending on their individual somatic 
cell count value obtained generally from a composite 
sample from all 4 quarters during the monthly milk 
performance assessment (Bucher and Bleul, 2019). The 
DCD and UD are reported in the results as DDD. For 
intrauterine treatments, the unit of the DDD is intra-
uterine product per animal (IUP/animal), assuming 
use of 1 intrauterine product per cow per day.

In the case of intramammary products for mastitis 
that could not be extracted from IS ABV in quanti-
ties of injectors but in ml, the UD/teat was defined 
following the dose recommendations from the Swiss 
Compendium of Veterinary Medicinal Products (Swiss 
Compendium of Veterinary Medicinal Products, 2023). 
This applied for Gentamicin/Procaine penicillin, for 
which the attributed DDD value was 1 UD/teat per 
25 mL, since 25 mL are necessary to treat 1 affected 
quarter.

The number of cows on each farm is the total number 
of adult dairy cows (lactating and dry cows) as recorded 
through the questionnaire. The standard weight (std. 
wt.) applied and defined by EMA for adult dairy cows 
was 500 kg (EMA, 2013).

Statistical Analyses

A generalized linear model (GLM) with gamma 
distribution was constructed to identify potential risk 
factors of the overall TI, which showed a right skewed 
distribution. Statistical analysis was performed using R 
version 4.2.0 (https: / / www .r -project .org/ ). To ensure 
compliance with the model's requirements and compare 
different models and link functions, we transformed the 
outcome by adding constant value of 1 to each observa-
tion. A gamma distribution was fitted to the trans-
formed outcome variable with the estimated parameters 
of shape = 2.53 and rate = 0.39 (Figure S1, data will 
be published after peer review process). The goodness 
of fit was evaluated using the Kolmogorov-Smirnov test 
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against a gamma distribution, which yielded a P-value 
= 0.58, showing that the chosen gamma distribution 
provided a good fit to the distribution of the overall TI. 
The distribution was fitted using the package fitdis-
trplus (Delignette-Muller and Dutang, 2015).

Herd size, dairy breed (Brown Swiss, Holstein Frie-
sian, Swiss Fleckvieh, Simmental, Jersey, other), an-
nual average farm-level milk yield [L], hygienic powder 
(yes, no), vaccinations (yes, no), other livestock (yes, 
no), livestock type (none, pig, poultry, goat, sheep, 
other), main bedding (straw bed, rubber mat, other), 
production system (conventional, organic, IP- Suisse), 
annual average SCC [cells/ml], average days on outdoor 
paddock (winter), summer grazing (yes, no) and cow 
replacement strategy (own calf rearing, external calf 
acquisition) were chosen as independent variables. An-
nual average SCC had 27 missing values (NA = 27), 
the annual average farm-level milk yield had 2 missing 
values (NA = 2) and the average days outside had one 
missing value (NA = 1). The latter 2 were obtained 
through the farmers’ estimation when conducting the 
questionnaire. After imputation using the median, 
missing values were replaced. Herd size, annual average 
farm-level milk yield, and annual average SCC were 
normalized with a z-transformation. Due to the limited 
sample sizes in certain breeds, we combined all breeds 
except Brown Swiss and Holstein Friesian cattle into a 
single group. Similarly, we grouped less common ‘live-
stock type’ values, resulting in the following categories: 
none, pig, poultry, and other/mix. Numerical variables 
were tested for collinearity using the Spearman rank 
correlation test and none exhibited a correlation higher 
than |0.75|. Independent variables were assessed for 
univariable association with the dependent variable 
and only those exhibiting a P < 0.20 were included in 
the full generalized linear model. Interaction between 
variables were not considered because of the moder-
ate number of samples within groups. The model was 
built with backward elimination, where variables with 
P-values >0.05 were removed if a likelihood ratio test 
after removal did not yield significance. For the final 
model we employed a generalized linear model (GLM) 
with gamma distribution and utilized the identity link 
function since it had a superior AIC/BIC score com-
pared with the log link function. The residuals were 
analyzed using the DHARMa package (Hartig, 2022) 
with 1000 simulations and were found to be normally 
distributed (Komlogorov-Sminorv test P > 0.05). There 
was no dispersion of the fitted and simulated residuals 
(DHARMa dispersion test P > 0.05) and no outliers 
were detected. The variance inflation factor (VIF) 
values were calculated and ranged from 1.08 to 1.10, 
indicating low multicollinearity in the model.

RESULTS

Descriptive Statistics

Herds Characteristics and Management Prac-
tices. A total of 280 Swiss dairy farms were visited 
between November 2021 and January 2023. Data of 58 
farms (21%) were excluded from analyses due to miss-
ing consent from the farm veterinarian to obtain IS 
ABV prescription data, resulting in missing AMU data. 
One farm was excluded due to an extremely unlikely 
value in the annual average SCC. Farms included in 
the analyses (n = 221) were located in 20 different can-
tons across Switzerland (Figure 1). Table 1 and Table 
2 provide an overview of the descriptive results regard-
ing herds characteristics and management practices, 
respectively.

AMU Data. For final analysis, a total of 5,424 
prescriptions containing a total of 7,619 treatments 
were available for the 221 enrolled farms. Number of 
prescriptions and number of farms using the respective 
antimicrobial drugs are indicated alongside estimates 
of treatment incidences (Table 3). A total of 37 differ-
ent antimicrobial drugs (including combinations) were 
reported, and their use ranged from high (procaine 
penicillin: 25.1% of prescriptions and on 94.1% of all 
farms) to low (tulathromycin: 0.03% used only on 1 
farm; Table 3).

Mean herd level TI was 5.46 DDD/cow-year (±4.10; 
range: 0.02–17.98 DDD/cow-year). Treatment inci-
dences attributed to each administration route and 
antimicrobial class are presented in Table 4. Overall, 
the TI was highest for intramammary formulations 
during lactation (TIIMM mean: 3.24; ± 3.16; range: 
0–14.89 DDD/cow-year) and penicillins (mean: 2.31; ± 
1.99; range: 0–9.56 DDD/cow-year) and was lowest for 
dry-off formulations (TIDRY mean: 0.44; ± 0.49; range: 
0–2.14 DDD/cow-year) and phenicols (mean: 0.002; ± 
0.01; range: 0–0.13 DDD/cow-year) (Table 4).

Regression Statistical Analysis. A total of 5 herd 
factors were significantly associated with the TI in the 
final model (Table 5). Farm level milk yield showed 
a univariate association with TI but was not retained 
in the final model. Organic production and herd size 
were negatively associated with TI (estimate −2.16, P 
= 0.004; −0.81, P < 0.001, respectively). Predominant 
breeds (Brown Swiss and Holstein Friesian) were as-
sociated with increased TI compared with other breeds 
(estimate 1.56, P = 0.007 and 1.42, P = 0.046, respec-
tively). The use of hygienic powders on the lying area 
(estimate 1.10, P = 0.043) was positively associated 
with TI.
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DISCUSSION

We identified 5 herd factors in tie stall farms that 
showed a significant association with TI. To our knowl-
edge, this study is the first to use AMU data from 
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Figure 1. Location of the 221 included study farms (white dots) across 20 different cantons of Switzerland.

Table 1. Herds characteristics of 221 Swiss tie stall dairy farms 
participating in a study to assess risk factors for antimicrobial use

Variable Farms (n) (%)

Production system  
Conventional 129/221 (58)
IP-Suisse 72/221 (33)
Organic 20/221 (9)
Dairy breed  
Brown Swiss 112/221 (51)
Holstein Friesian 51/221 (23)
Other 58/221 (26)
Other livestock  
None 76/221 (34)
Poultry 29/221 (13)
Pig 17/221 (8)
Other/mix 99/221 (45)
Herd size  
Mean 23
SD 9.91
Min-Max 6–60
Annual farm-level milk yield [L]  
Mean 154,988
SD 82,406
Min-Max 40,000–480,000
Annual average SCC [cells/ml]  
Mean 144,229
SD 85,180
Min-Max 17,000–675,000

Table 2. Management practices of 221 Swiss tie stall dairy farms 
participating in a study to assess risk factors for antimicrobial use

Variable Farms (n) (%)

Milk sample for pathogen detection before 
treatment

 

Yes 187/221 (85)
No 34/221 (15)
Vaccines  
Yes 61/221 (28)
1 44/58 (76)
3 2 (range) 14/58 (24; 2–4)
No 160/221 (72)
Vaccine type  
Calf management (diarrhea, respiratory diseases) 28/58 (48)
Lungworm disease 14/58 (24)
Pinkeye 10/58 (17)
Blackleg disease 9/58 (16)
Ringworm disease 7/58 (12)
Mastitis 3/58 (5)
Digital dermatitis 1/58 (2)
Cow replacement strategy  
Own calf rearing 183/221 (83)
External calf acquisition 38/221 (17)
Bedding  
Rubber mats 158/221 (71)
Strawbeds 51/221 (23)
Other 12/221 (5)
Hygienic powder  
Yes 149/221 (67)
No 72/221 (33)
Summer grazing  
Yes 165/221 (75)
No 56/221 (25)
Monthly access to outdoor paddock [days]  
Mean 15.6
SD 5.31
Range 2.5–30
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the newly established Swiss national antimicrobial pre-
scription reporting system IS ABV.

Estimating AMU

The mean estimated TI of 5.46 DDD/cow-year in the 
participating farms is in line with results from other 
studies on AMU quantification in dairy herds. In the 
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Table 3. Number prescriptions, number of farms, and estimates of treatment incidence ([TI], mean, standard deviation [SD], median and range) 
using defined daily doses (DDD) per cow-year of 7,619 antimicrobial treatments on 221 Swiss dairy farms from 2020 to 2022 (EMA, 2016) 

Antimicrobial class Prescriptions (n) Farms (n)

TI

Mean

SD

Median Range

Antimicrobial drug (%)1 (%)2 (DDD/cow-year) (DDD/cow-year) (DDD/cow-year)

Penicillins       
Procaine penicillin 1913 (25.11) 208 (94.12) 3.41 4.02 2.00 0.20–56
Cloxacillin 490 (6.43) 126 (57.01) 1.39 1.06 1.00 1–12
Penethamate 372 (4.88) 111 (50.23) 4.22 3.87 3.15 0.16–28.36
Amoxicillin 265 (3.49) 106 (48.96) 7.29 6.93 6.00 0.20–64
Penicillin G 49 (0.64) 30 (13.58) 2.93 6.74 0.86 0.09–34.29
Benzathine benzylpenicillin 45 (0.59) 22 (9.95) 1.91 1.33 1.00 1–6.21
Nafcilline 43 (0.56) 19 (8.6) 1.12 0.50 1.00 1–4
Aminoglycosides       
Gentamicin 656 (8.61) 157 (71.04) 4.02 3.61 3.00 0.20–40
Neomycin 567 (7.44) 131 (59.28) 2.25 2.45 1.00 1–16
Kanamycin 274 (3.6) 107 (47.06) 7.93 5.68 5.00 1–40
Dihydrostreptomycin 248 (3.26) 100 (45.25) 1.55 0.93 1.37 0.25–7
Spectinomycin (Lincomycin combined) 4 (0.05) 3 (1.36) 0.04 0.01 0.04 0.03–0.04
Tetracyclines       
Tetracycline 548 (7.19) 157 (71.04) 4.38 2.17 4.00 1–20
Oxytetracycline 511 (6.71) 146 (66.06) 2.52 1.63 2.15 0.18–15.38
Doxycycline 3 (0.04) 3 (1.36) 4.70 3.99 7.00 0.09–7
Cephalosporines       
1st Generation       
Cephapirin 345 (4.53) 115 (52.04) 1.17 0.66 1.00 1–8
Cephalexin 265 (3.48) 104 (47.06) 8.08 5.72 5.00 1–40
3rd Generationa       
Ceftiofur 86 (1.13) 32 (14.48) 3.78 2.26 3.50 1.20–11.50
Cefoperazone 57 (0.75) 25 (11.31) 6.58 6.20 5.00 1–36
Ceftiofur LA 17 (0.22) 13 (5.88) 9.09 2.57 10.00 0.60–12
4th Generationa       
Cefquinome 76 (1.00) 33 (14.93) 4.20 2.88 4.00 0.93–18
Sulfonamides       
Sulfadoxine (Trimethoprim combined) 192 (2.52) 84 (38.01) 1.54 0.72 1.43 0.03–5.71
Sulfamethoxazole (Trimethoprim combined) 44 (0.58) 15 (6.79) 1.55 0.70 1.33 0.40–5.33
Sulfaguanidine 36 (0.47) 30 (13.57) 0.45 0.33 0.31 0–1.18
Sulfamidine 31 (0.41) 23 (10.41) 0.30 0.24 0.15 0.08–0.87
Sulfamethoxypyridazine 13 (0.17) 9 (4.07) 0.46 0.08 0.47 0.31–0.59
Diaminopyrimidines       
Trimethoprim (Sulfonamides combined) 236 (3.10) 97 (43.89) 1.56 0.73 1.43 0.03–5.71
Fluoroquinolonesa       
Marbofloxacin 70 (0.92) 25 (11.31) 1.64 0.91 1.41 0.28–5
Danofloxacin 37 (0.49) 12 (5.43) 2.27 2.80 1.14 0.38–11.75
Enrofloxacin 22 (0.29) 12 (5.43) 1.15 0.99 0.95 0,07–3.81
Macrolidesa       
Tylosin 48 (0.63) 24 (10.86) 1.48 0.94 1.08 0.62–4.46
Spiramycin 21 (0.28) 14 (6.33) 2.00 1.81 0.89 0.18–5
Tulathromycin 2 (0.03) 1 (0.45) 5.00 1.67 5.00 3.33–6.67
Lincosamides       
Lincomycin 24 (0.32) 14 (6.33) 6.46 3.64 5.50 1–16
Lincomycin (Spectinomycin combined) 4 (0.05) 3 (1.36) 0.03 0 0.03 0.02–0.03
Phenicols       
Florfenicol 5 (0.07) 5 (2.26) 2.28 1.81 2.31 0.46–4.62
aHighest priority critically important antimicrobials (HPCIAs) based on the importance to human medicine according to the classification of the 
World Health Organization (WHO, 2018).
1Proportion within prescriptions.
2Proportion within farms.
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Netherlands, Kuipers et al. (2016) reported an aver-
age Animal Defined Daily Dose (ADDD) of 5.86 DDD/
cow-year. Reported ADDD values for dairy herds in 
Wisconsin, USA and in Canada were 5.43 (Pol and 
Ruegg; 2007) and 5.24 (Saini et al., 2012), respectively. 
A higher TI was reported in Belgium (7.58 DDD/
cow-year) (Stevens et al., 2016; results from the latter 
2 studies were adjusted from 1000 cow-days to cow-
year). Slightly lower TI was reported for British dairy 
farms, where the mean estimated DDDvet/cow-year 
was 4.60 (Hyde et al., 2017). The latter study did not 
include dry cow therapy in the DDDvet calculation, 

possibly contributing to the lower result. However, 
direct comparisons between these results are hindered 
by discrepancies in data collection methodologies, dif-
ferent metrics used to estimate AMU data and different 
standard weights for dairy cows between countries. For 
instance, Kuipers et al. (2016) screened veterinary sales 
invoices, while Saini et al. (2012) and Stevens et al. 
(2016) collected data by analyzing empty drug contain-
ers stored on farms. Pol and Ruegg (2007) extracted 
information on AMU from survey responses, while 
Hyde et al. (2017) used mixed methodologies by us-
ing data from electronic farm records and veterinary 
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Table 4. Herd-level estimates of treatment incidence [TI] in defined daily doses (DDD) per cow-year (mean, 
standard deviation [SD]) for each administration route and antimicrobial class on 221 Swiss dairy farms within 
a 1-year period between 2020 and 2022

 

TI

Mean

SD

Median Range

(DDD/cow-year) (DDD/cow-year) (DDD/cow-year)

Administration route     
Parenteral 1.21 1.07 0.95 0–5.94
IMM during lactation 3.24 3.16 2.14 0–14.89
Dry-off 0.44 0.49 0.31 0–2.14
Intrauterine 0.57 0.61 0.40 0–3.83
Total 5.46 4.10 4.30 0.02–17.98
Antimicrobial class     
Aminoglycosides 1.37 1.37 0.89 0–7.22
Diaminopyrimidines 0.08 0.14 0 0–1.06
Fluoroquinolones 0.04 0.15 0 0–1.52
Lincosamides 0.03 0.12 0 0–0.90
Macrolides 0.02 0.07 0 0–0.59
Penicillins 2.31 1.99 1.81 0–9.56
Phenicols 0.00 0.01 0 0–0.13
Sulfonamides 0.08 0.14 0 0–1.05
Tetracyclines 0.76 0.76 0.56 0–5.92
1st generation cephalosporines 0.54 0.88 0.18 0–5.83
3rd generation cephalosporines 0.15 0.39 0 0–2.92
4th generation cephalosporines 0.06 0.22 0 0–1.75

Table 5. Results of the final generalized linear model with gamma distribution showing associations between 
herd characteristics and management practices on farm level and the treatment incidence (TI, measured in 
DDD/cow-year), standard error [SE], probability [Pr] and confidence interval [CI], based on data collected in 
221 Swiss dairies within a 1-year period

Predictor Estimate SE1 t-value Pr(>|t|) CI (2.5/97.5%)

Intercept 4.91 0.58 8.44 <0.001 3.77 6.06
Production system       
Organic −2.16 0.74 −2.91 0.004 −3.62 −0.70
IP-Suisse −0.34 0.57 −0.59 0.556 −1.45 0.78
Conventional Referent      
Herd size −0.81 0.21 −3.80 <0.001 −1.23 −0.39
Dairy breed       
Brown Swiss 1.56 0.57 2.74 0.007 0.45 2.68
Holstein Friesian 1.42 0.71 2.00 0.046 0.03 2.82
Other Referent      
Hygienic powder       
Yes 1.10 0.54 2.03 0.043 0.04 2.17
No Referent      
1Residual degrees of freedom = 214.
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sales data. Different data sources vary in their avail-
ability, level of detail and record methodology between 
and within farms and veterinary practices. As stated 
by Pucken et al. (2021), which compared 3 different 
data sources, “none of the methods was able to collect 
the integral antimicrobial consumption in participating 
farms.” Different methods for AMU quantification pres-
ent an additional challenge for comparisons since not 
all studies estimated TI based on EMA standards. Saini 
et al. (2012) and Stevens et al. (2016), for instance, 
based their calculations on the respective national 
compendium for veterinary products, while Pol and 
Ruegg (2007) determined DDD according to approved 
dosing and daily treatment frequency of antimicrobials 
outlined in the FDA Center for Veterinary Medicine 
Green Book. Only the scientists from the British study 
employed ESVAC/EMA standards (Hyde et al., 2017). 
Differences in the used standard weights is another 
source of inter-study variation. In the Netherlands, 
Belgium and Canada, an average cow live weight of 
600 kg was assumed for calculations (Saini et al., 2012; 
Kuipers et al., 2016; Stevens et al., 2016), while the 
average cow weight in Wisconsin was set slightly higher 
(680 kg; Pol and Ruegg, 2007). The lowest standard 
cow weight was used in the UK (425 kg; Hyde et al., 
2017). Using a lower standard weight than the actual 
weight for which antimicrobial dosage was calculated 
might overestimate the TI on farms, and vice versa. 
The defined standard weight for dairy cows assumed by 
EMA might have been lower compared with the Swiss 
herd average (Menéndez-González et al., 2010), result-
ing in potential overestimation of the TI in our study.

Since 2019, Swiss veterinarians have been obliged to 
submit all records of prescriptions containing antimi-
crobials to the IS ABV. We attempted to minimize bias 
resulting from the concurrent use of multiple record 
methodologies by using IS ABV data only. Neverthe-
less, possible limitations of IS ABV may be attributable 
to entry errors from veterinarians. We also showed that 
EMA’s quantification methodology may be applied to 
data from the IS ABV.

Antimicrobial Classes

Among the 7,619 treatments obtained from the 221 
farms, penicillins (41.7% of treatments, TI: 2.31 DDD/
cow-year) followed by aminoglycosides (23%, 1.37 
DDD/cow-year) and tetracyclines (13.9%, 0.76 DDD/
cow-year) were used most commonly. In this regard, the 
results of this study were similar to those of a previous 
nationwide study in dairy farms in Switzerland, where 
penicillins (46%), aminoglycosides (13%) and tetracy-
clines (10%) were among the most consumed antimicro-
bials, based on weight of active substances data collect-

ed from farm treatment records (Menéndez-González et 
al., 2010). The similarity between these results suggests 
that the Swiss national reporting system reports AMU 
accurately. The latest published IS ABV annual report 
(IS ABV, 2022) shows that penicillins (35.5%), followed 
by sulfonamides (25.9%), tetracyclines (20.9%) and ami-
noglycosides (9%) were prescribed most in cattle. These 
results are not directly comparable to ours because they 
also encompass other types of cattle (i.e., veal calves 
and beef cattle). For the latter production types, it is 
known that other antimicrobials like tetracyclines and 
macrolides are among the most commonly used (Lava 
et al., 2016; Becker et al., 2021; Diana et al., 2021). At 
the Canadian national level, a higher TI of cephalospo-
rines (1st and 3rd generation; 1.11 ADD/cow-year) was 
reported, followed by penicillins (0.93 ADD/cow-year), 
linco- spectinomycin (0.85 ADD/cow-year), penicillin 
combinations (0.80 ADD/cow-year) and tetracyclines 
(0.67 ADD/cow-year) (Saini et al., 2012). In a Belgian 
study, 4th-generation cephalosporines had the highest 
TI (1.82 DDDA/cow-year), followed by penicillins (1.35 
DDDA/cow-year) and 3rd-generation cephalosporines 
(1.08 DDDA/cow-year), with tetracyclines represent-
ing a relatively low incidence (0.17 DDDA/cow-year) 
(Stevens et al., 2016). In comparison, our estimated 
TI of 0.75 DDD/cow-year for cephalosporins (1st, 3rd 
and 4th generation) was relatively low. This could be 
attributed to national guidelines established by StAR, 
to use 3rd and 4th generation cephalosporines only 
in exceptional cases, after conducting an antibiogram 
and where no alternative non-critical antimicrobial is 
predicted to be efficacious (BLV, 2022). Overall, high-
est priority critically important antimicrobials (3rd and 
4th-generation cephalosporins, fluoroquinolones, and 
macrolides) accounted for a total of only 5.7% of all 
treatments in dairy cows (TI: 0.27 DDD/cow-year), 
which indicates an overall responsible use in Swiss 
dairy farms. However, as stated above, discrepancies in 
data collection methodologies, standard weights, and 
standard daily doses used may lead to results which 
are difficult to compare. To improve surveillance and 
stewardship programs, harmonizing guidelines to re-
cord and report AMU in veterinary medicine should be 
considered.

Administration Routes

In the present study, the mean estimated TI was 
highest for intramammary products during lactation 
(TIIMM = 3.24, ± 3.16) and lowest for dry-off products 
(TIDRY = 0.44, ± 0.49; Table 4).These findings may sug-
gest that the use of antimicrobials in Swiss dairy cows 
in tie stalls is predominantly associated with mastitis 
during lactation, and that antimicrobials for dry-cow 
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therapy were used at a lower frequency. However, this 
is affected by the metrics used, and using the num-
ber of intramammary injectors or the mass of active 
substance might have resulted in a different ranking 
of AMU estimates. Switzerland ranks as the highest 
antimicrobial user for intramammary products among 
all European countries (ESVAC, 2021). In contrast, 
concerning dry-off treatment, dispensing antimicrobials 
for prophylactic purposes on stock is no longer permit-
ted in Switzerland (Veterinary Medicines Ordinance, 
2016), therefore dry-off injectors may only be applied 
as individual therapy after thorough diagnostic investi-
gation (e.g., milk culture or SCC) to justify treatment 
(BLV, 2022). This is due to new legal requirements 
established in 2016 (Veterinary Medicines Ordinance, 
2016). Altogether, this might explain the overall low TI 
for dry-off therapies found in our study.

The high estimated TIIMM suggests that future re-
search and national guidelines should focus on improv-
ing udder health and related antimicrobial stewardship 
specifically during lactation. A reduction of AMU could 
be achieved by implementing udder-specific health 
strategies like teat cleaning before milking, among oth-
ers (Gerber et al., 2021). Mastitis vaccines, in use on 
a small number of farms in the present study, should 
not be regarded as the definitive solution, since they 
do not affect the incidence of clinical or subclinical 
mastitis per se, but mitigate the course of the infec-
tion (Bradley et al., 2015). We suggest to implement a 
combination of improved teat hygiene and vaccination 
if deemed appropriate as part of a herd-specific udder-
health management plan. Similar to our study, in the 
US, Pol and Ruegg (2007) reported a higher AMU rate 
for clinical mastitis (2.02 DDD/cow-year) than for dry-
cow therapy (1.56 DDD/cow-year), as also observed 
on Canadian dairy farms (Saini et al., 2012). In other 
studies, lower TI for mastitis and higher TI for dry-cow 
therapy were reported. Kuipers et al. (2016) found a 
mean ADDD per cow-year for mastitis treatments of 
1.45 and for dry-cow therapy 2.57. It is important to 
note that latter authors also included the parenteral 
route for mastitis treatments, but those accounted only 
for 5% of TI. Stevens et al. (2016) reported a TI for 
intramammary treatment for (sub)clinical mastitis and 
dry-off of 2.30 and 2.51, respectively. However, direct 
comparisons between results regarding udder-specific 
TI should be approached with prudence, since there 
are variations in the assigned defined daily doses espe-
cially for dry-cow therapy. Specifically, in a Canadian 
study (Saini et al., 2012) one DDD was designated for 
blanket dry-cow therapy, whereas in studies from the 
Netherlands (Kuipers et al.; 2016), Belgium (Stevens 
et al.; 2016) and Switzerland (Pucken et al., 2021) 4 
daily doses were assigned. Furthermore, other countries 

will likely experience long-lasting reduction of AMU at-
tributed to dry-cow therapy due to the new European 
Union directive 2019/6 of veterinary medicinal prod-
ucts, which prohibits the systematic administration 
of dry-cow injectors in the herd since January 28th of 
2022 (EU, 2018).

Management-related Associations

In the present study, the predominant breed in the 
herd was one of the factors associated with AMU. 
Furthermore, mastitis was the major reason for AMU. 
It is well established that genetic factors and selective 
breeding of dairy cows significantly influence the sus-
ceptibility or resistance to mastitis (Weigel and Shook, 
2018). This genetic predisposition is more pronounced 
in purebred or crossbred high-yielding cattle, particu-
larly Holstein Friesian cattle, in contrast to breeds that 
exhibit a moderate milk yield (Shaheen et al., 2016). In 
the US, Holstein Friesian cattle have experienced a sub-
stantial increase in milk production, with Brown Swiss 
emerging as the breed with the closest productivity 
levels (Dechow et al., 2007). Further, Jersey cattle had 
a lower incidence rate of clinical mastitis than Holstein 
Friesian cattle (Washburn et al., 2002). This might 
explain the higher TI seen in herds mainly composed 
of Brown Swiss and Holstein Friesian when compared 
with the other breeds.

Herds in organic production showed a lower TI 
when compared with conventional herds. Other stud-
ies revealed similar findings. For instance, Krogh et al. 
(2020) found the TI for cows on conventional farms to 
be between 2.2 and 2.9 times higher, depending on herd 
size, when compared with organic herds. In Switzer-
land, cows in organic production must not be treated 
with antimicrobials > 3 times per year, and critically 
important drugs are not allowed for initial treatments 
(BioSuisse, 2016). Our results suggest that restricting 
antimicrobial use by governmental regulations may be 
an effective way to tackle AMU on dairy farms. How-
ever, decision-making on treatments is influenced by 
diverse factors. Variations in treatment strategies on 
dairy farms are not only related to farm conditions – 
including the production type – but also to interactions 
between farmers and veterinarians (Poizat et al., 2017; 
Ekakoro et al., 2018; Doyle et al., 2022).

We found that herd size was negatively associated 
with TI, which was unexpected when comparing to 
other studies, in which a higher herd size was a risk 
factor for higher AMU (Krogh et al., 2020; Lardé et 
al., 2021). However, it is important to note that it was 
not possible to determine the housing system in those 
2 studies, thus making direct comparisons difficult. In 
another study, no association between herd size and 

Köchle et al.: Antimicrobial use in dairy cows in tie stalls



Journal of Dairy Science Vol. TBC No. TBC, TBC

housing system with the overall AMU was seen (Saini 
et al., 2012). Among tie stall farms, those with a hous-
ing capacity for larger numbers of animals may have 
been constructed more recently, providing modern in-
frastructure and potentially facilitating better health 
management practices. Larger farms may rather be 
managed by professionals than smaller farms. This 
may explain why larger herds in our study showed an 
overall lower TI when compared with smaller ones. The 
observation of potential better management in larger 
herds was reported in the swine industry (Gardner 
et al., 2002; Van der Wolf et al., 2001; Laanen et al., 
2013). The findings of our study suggest that future re-
search could emphasize on small-scale dairy companies 
to investigate further possible starting points for AMU 
reduction on these farms.

Consistent vaccination could be considered as an effi-
cient strategy for disease control, potentially decreasing 
AMU in livestock farming (Hosain et al., 2021). How-
ever, it was not associated with AMU in the present 
study. The high proportion of the total TI attributable 
to TIIMM and TIDRY, on which vaccination may have a 
limited impact, may have contributed to this finding. 
Another possible explanation is the fact that the most 
common vaccination type was aimed at preventing calf 
diseases, therefore minimally impacting AMU in lactat-
ing cows.

The use of hygienic powders (i.e., chalk) on the lying 
area was a frequent management practice (67%) and 
was associated with an increase in TI. This unexpected 
finding is probably a reverse causality, as farmers ex-
periencing higher TI due to udder health issues may 
use hygienic powders in an attempt to improve bedding 
hygiene. The phenomenon of reverse causality was also 
reported in veal calf operations, where higher mortality 
was associated with better hygiene practices (Schnyder 
et al., 2019).

Study Limitations and Strengths

Selection bias of study participants may exist as 
farmers with good management practices and poten-
tially low AMU could have had a higher likelihood of 
participating. Nearly one quarter of the farms had to 
be excluded due to missing consent of their veterinar-
ian to analyze AMU data thus reducing sample size. 
We cannot exclude that high-users and/or users of 
above-average amounts of critically important antimi-
crobials are underrepresented in this study population. 
The selection bias attributable to the farm visits being 
conducted in German or French is likely minimal, con-
sidering that only 0.9% of dairy producers are located 
in the Italian-speaking canton of Ticino. Jersey dairy 
farms may have an underestimated TI through the 

calculation method with a standard weight. Also, TI 
estimation may be subjected to bias since antimicrobi-
als prescribed on stock were excluded as they cannot 
be attributed to dairy cows with certainty or may not 
have been used within the time frame of this study. In 
general, the amount of active substances prescribed on 
stock was approximatively 30% for cattle in 2021 (IS 
ABV, 2022). On the other hand, by choosing this ana-
lytical procedure, we can assure to include antimicrobi-
als administered to adult dairy cattle only. Another 
constraint might have emerged from the exclusive focus 
on significant effects within univariate associations, 
potentially resulting in biased estimates. Variations of 
herd size over time were not taken into account like in 
other studies (Saini et al., 2012; Stevens et al., 2016), 
resulting in potential minor deviations of the true TI 
at herd level. Similarly, management practices were 
those in place at the time of the visit and may have 
differed from those in place during the year before the 
visit and correlating with AMU. However, because our 
research was conducted as a cross-sectional study by 
visiting farms only once for the questionnaire, it was 
not possible to include this aspect into calculations. 
Commonly, cross-sectional studies may identify associa-
tions between factors and antimicrobial use, but do not 
define direct causality between predictors and the TI. 
However, establishing such associations might help to 
improve future AMU mitigating strategies.

CONCLUSIONS

We used digitally recorded data of the newly estab-
lished mandatory Swiss national reporting system, 
which had not been available until recently. Thus, we 
reduced possible bias arising from AMU recording al-
ternatives, such as on-farm paper treatment journals. 
Although several factors were already known to be as-
sociated with AMU on dairy farms, this study revealed 
some novel aspects specific to tie stall farms and their 
management conditions. Cows in tie stalls are admin-
istered a similar number of treatment days per year in 
comparison with other dairy cow husbandry systems 
based on previously published data, and critically 
important antimicrobials were used to a very limited 
extent. The Swiss national reporting system IS ABV 
should be highly recognized as a milestone for a na-
tionwide unified AMU data collection methodology and 
will facilitate AMU comparisons among farms, years 
and countries for future research.

ACKNOWLEDGMENTS

This study was financially supported by Fondation 
Sur-la-Croix (Basel, Switzerland) and the Foundation 

Köchle et al.: Antimicrobial use in dairy cows in tie stalls



Journal of Dairy Science Vol. TBC No. TBC, TBC

Vontobel (Zurich, Switzerland). We thank all dairy 
farmers and veterinarians for participation and sup-
port in data collection. We would like to extend our 
appreciation to the Swiss tie stall association and to 
all the editors of the agricultural press for support in 
recruitment of participants. Lastly, we want to thank 
fellow veterinarians: Sibylle Zwygart (Animans Nutzti-
erpraxis, Düdingen, Fribourg), Nadia Annen-Fassbind 
(Tierärztliche Praxis Schwyz AG, Dres. Ch. und S. Ab-
gottspon, Schwyz), Thomas Maurer and Daniel Buob 
(Gross und Kleintierpraxis Malters AG, Lucerne). The 
authors do not declare any conflicts of interest.

REFERENCES

AACTING. 2021. Overview of farm-level AMU monitoring systems. 
Accessed December 25, 2023. https: / / aacting .org/ monitoring 
-systems/ .

Abdelfattah, E. M., P. S. Ekong, E. Okello, T. Chamchoy, B. M. Karle, 
R. A. Black, D. Sheedy, W. R. ElAshmawy, D. R. Williams, D. 
Califano, L. F. D. Tovar, J. Ongom, T. W. Lehenbauer, B. A. By-
rne, and S. S. Aly. 2021. Epidemiology of antimicrobial resistance 
(AMR) on California dairies: descriptive and cluster analyses of 
AMR phenotype of fecal commensal bacteria isolated from adult 
cows. PeerJ 9:e11108. https: / / doi .org/ 10 .7717/ peerj .11108.

Becker, J., and M. Meylan. 2021. Comparison of antimicrobial treat-
ment incidence quantification based on detailed field data on an-
imal level with the standardized methodology of the European 
medicines agency in veal calves, Switzerland, 2016–2018. Antibi-
otics (Basel) 10:832. https: / / doi .org/ 10 .3390/ antibiotics10070832 .

Bernhard, J. K., B. Vidondo, R. L. Achermann, R. Rediger, K. E. 
Müller, and A. Steiner. 2020. Carpal, tarsal, and stifle skin lesion 
prevalence and potential risk factors in Swiss dairy cows kept in 
tie stalls: A cross-sectional study. PLoS One 15:e0228808. https: / / 
doi .org/ 10 .1371/ journal .pone .0228808.

BioSuisse. 2016. Reduktion des Antibiotikaeinsatzes im Biolandbau. 
Accessed June 1, 2023. https: / / www .bio -suisse .ch/ dam/ jcr: 
6da3dbcd -671e -46f7 -858a -828e28f83b4b/ d _meinung _antibiotika 
.pdf.

BLV (Bundesamt für Lebensmittelsicherheit und Veterinärwesen). 
2022. Umsichtiger Einsatz von Antibiotika bei Rindern, Schweinen, 
kleinen Wiederkäuern und Neuweltkameliden. Therapieleitfaden 
für Tierärztinnen und Tierärzte. Accessed June 27, 2023. https: / / 
www .blv .admin .ch/ dam/ blv/ de/ dokumente/ tiere/ tierkrankheiten 
-und -arzneimittel/ tierarzneimittel/ therapieleitfaden .pdf .download 
.pdf/ therapieleitfaden -de .pdf.

BLV (Bundesamt für Lebensmittelsicherheit und Veterinärwesen). 
2023. Antibiotika/StAR: Informationssystem Antibiotika in der 
Veterinärmedizin IS ABV. Accessed April 26, 2023. https: / / www 
.blv .admin .ch/ blv/ de/ home/ tiere/ tierarzneimittel/ antibiotika/ 
isabv .html.

Bradley, A. J., J. E. Breen, B. Payne, V. White, and M. J. Green. 
2015. An investigation of the efficacy of a polyvalent mastitis vac-
cine using different vaccination regimens under field conditions in 
the United Kingdom. J. Dairy Sci. 98:1706–1720. https: / / doi .org/ 
10 .3168/ jds .2014 -8332.

Bucher, B., and U. Bleul. 2019. The effect of selective dry cow treat-
ment on the udder health in Swiss dairy farms. Schweiz. Arch. 
Tierheilkd. 161:533–544. https: / / doi .org/ 10 .17236/ sat00219.

CDC. 2022. Antibiotic resistance and NARMS surveillance. Accessed 
December 25, 2023. https: / / www .cdc .gov/ narms/ faq .html.

CDIC. 2020. Dairy barns by type in Canada. Accessed May 29, 
2023. https: / / agriculture .canada .ca/ en/ sector/ animal -industry/ 
canadian -dairy -information -centre/ statistics -market -information/ 
farm -statistics/ barns -type.

Cully, M. 2014. Public health: The politics of antibiotics. Nature 
509:16–17. https: / / doi .org/ 10 .1038/ 509S16a .

Cuong, N. V., P. Padungtod, G. Thwaites, and J. J. Carrique-Mas. 
2018. Antimicrobial usage in animal production: A review of the 
literature with a focus on low-and middle-income countries. An-
tibiotics (Basel) 7:75. https: / / doi .org/ 10 .3390/ antibiotics7030075 .

Dechow, C. D., G. W. Rogers, J. B. Cooper, M. I. Phelps, and A. L. 
Mosholder. 2007. Milk, fat, protein, somatic cell score, and days 
open among Holstein, Brown Swiss, and their crosses. J. Dairy Sci. 
90:3542–3549. https: / / doi .org/ 10 .3168/ jds .2006 -889.

Delignette-Muller, M. L., and C. Dutang. 2015. Fitdistrplus: An R 
package for fitting distributions. J. Stat. Softw. 64:1–34. https: / / 
doi .org/ 10 .18637/ jss .v064 .i04.

Diana, A., M. Penasa, M. Santinello, F. Scali, E. Magni, G. L. Al-
borali, L. Bertocchi, and M. De Marchi. 2021. Exploring potential 
risk factors of antimicrobial use in beef cattle. Animal 15:100091. 
https: / / doi .org/ 10 .1016/ j .animal .2020 .100091.

Doyle, E., J. Heller, and J. M. Norris. 2022. Factors influencing dairy 
cattle farmer use of antimicrobials on farms in New South Wales, 
Australia. Aust. Vet. J. 100:587–595. https: / / doi .org/ 10 .1111/ avj 
.13209.

Dutch Working Party on Antibiotic Policy (SWAB). 2023. NethMap. 
Accessed: May 29, 2023. https: / / swab .nl/ en/ nethmap -pvid369 .

Ekakoro, J. E., M. Caldwell, E. B. Strand, and C. C. Okafor. 2018. 
Drivers of antimicrobial use practices among Tennessee dairy 
cattle producers. Vet. Med. Int. 1836836:1–14. https: / / doi .org/ 10 
.1155/ 2018/ 1836836 .

EMA (European Medicines Agency). 2013. Revised ESVAC reflec-
tion paper on collecting data on consumption of antimicrobial 
agents per animal species, on technical units of measurement and 
indicators for reporting consumption of antimicrobial agents in 
animals. Accessed April 24, 2023. https: / / www .ema .europa .eu/ 
en/ documents/ scientific -guideline/ revised -european -surveillance 
-veterinary -antimicrobial -consumption -esvac -reflection -paper 
-collecting _en .pdf.

EMA (European Medicines Agency). 2015. Principles on assignment 
of defined daily dose for animals (DDDA) and defined course 
dose for animals (DCDA). Accessed January 5, 2024. https: / / 
www .ema .europa .eu/ en/ documents/ scientific -guideline/ principles 
-assignment -defined -daily -dose -animals -and -defined -course -dose 
-animals -draft _en .pdf.

EMA (European Medicines Agency). 2016. Defined daily doses for 
animals (DDDvet) and defined course doses for animals (DCD-
vet). Accessed April 27, 2023. https: / / www .ema .europa .eu/ en/ 
documents/ other/ defined -daily -doses -animals -dddvet -defined 
-course -doses -animals -dcdvet -european -surveillance _en .pdf.

ESVAC. (European Medicines Agency, European Surveillance of Vet-
erinary Antimicrobial Consumption). 2021. Sales of veterinary 
antimicrobial agents in 31 European countries in 2019 and 2020, 
Trends from 2010 to 2020, Eleventh ESVAC report. Accessed June 
30, 2023. https: / / www .ema .europa .eu/ en/ documents/ report/ sales 
-veterinary -antimicrobial -agents -31 -european -countries -2019 -2020 
-trends -2010 -2020 -eleventh _en .pdf.

EU. 2018. Regulation (EU) 2019/6 of the European Parliament and 
of the Council of 11 December 2018 on veterinary medicinal prod-
ucts and repealing Directive 2001/82/EC. Accessed May 28, 2023. 
https: / / eur -lex .europa .eu/ legal -content/ EN/ TXT/ PDF/ ?uri = 
CELEX: 32019R0006.

Farrell, S., T. Benson, C. McKernan, Á. Regan, A. M. G. Burrell, and 
M. Dean. 2023. Factors influencing dairy farmers’ antibiotic use: 
An application of the COM-B model. J. Dairy Sci. 106:4059–4071. 
https: / / doi .org/ 10 .3168/ jds .2022 -22263.

FDA (Food and Drug Administration). 2018. 2017, Summary report 
on antimicrobials sold or distributed for use in food-producing 
animals. Accessed May 29, 2023. https: / / www .fda .gov/ media/ 
119332/ download.

Ferreira, J. P. 2017. Why antibiotic use data in animals needs to be 
collected and how this can be facilitated. Front. Vet. Sci. 4:213. 
https: / / doi .org/ 10 .3389/ fvets .2017 .00213 .

Gardner, I. A., P. Willeberg, and J. Mousing. 2002. Empirical and 
theoretical evidence for herd size as a risk factor for swine dis-
eases. Anim. Health Res. Rev. 3:43–55. https: / / doi .org/ 10 .1079/ 
AHRR200239 .

Köchle et al.: Antimicrobial use in dairy cows in tie stalls

https://aacting.org/monitoring-systems/
https://aacting.org/monitoring-systems/
https://doi.org/10.7717/peerj.11108
https://doi.org/10.3390/antibiotics10070832
https://doi.org/10.1371/journal.pone.0228808
https://doi.org/10.1371/journal.pone.0228808
https://www.bio-suisse.ch/dam/jcr:6da3dbcd-671e-46f7-858a-828e28f83b4b/d_meinung_antibiotika.pdf
https://www.bio-suisse.ch/dam/jcr:6da3dbcd-671e-46f7-858a-828e28f83b4b/d_meinung_antibiotika.pdf
https://www.bio-suisse.ch/dam/jcr:6da3dbcd-671e-46f7-858a-828e28f83b4b/d_meinung_antibiotika.pdf
https://www.blv.admin.ch/dam/blv/de/dokumente/tiere/tierkrankheiten-und-arzneimittel/tierarzneimittel/therapieleitfaden.pdf.download.pdf/therapieleitfaden-de.pdf
https://www.blv.admin.ch/dam/blv/de/dokumente/tiere/tierkrankheiten-und-arzneimittel/tierarzneimittel/therapieleitfaden.pdf.download.pdf/therapieleitfaden-de.pdf
https://www.blv.admin.ch/dam/blv/de/dokumente/tiere/tierkrankheiten-und-arzneimittel/tierarzneimittel/therapieleitfaden.pdf.download.pdf/therapieleitfaden-de.pdf
https://www.blv.admin.ch/dam/blv/de/dokumente/tiere/tierkrankheiten-und-arzneimittel/tierarzneimittel/therapieleitfaden.pdf.download.pdf/therapieleitfaden-de.pdf
https://www.blv.admin.ch/blv/de/home/tiere/tierarzneimittel/antibiotika/isabv.html
https://www.blv.admin.ch/blv/de/home/tiere/tierarzneimittel/antibiotika/isabv.html
https://www.blv.admin.ch/blv/de/home/tiere/tierarzneimittel/antibiotika/isabv.html
https://doi.org/10.3168/jds.2014-8332
https://doi.org/10.3168/jds.2014-8332
https://doi.org/10.17236/sat00219
https://www.cdc.gov/narms/faq.html
https://agriculture.canada.ca/en/sector/animal-industry/canadian-dairy-information-centre/statistics-market-information/farm-statistics/barns-type
https://agriculture.canada.ca/en/sector/animal-industry/canadian-dairy-information-centre/statistics-market-information/farm-statistics/barns-type
https://agriculture.canada.ca/en/sector/animal-industry/canadian-dairy-information-centre/statistics-market-information/farm-statistics/barns-type
https://doi.org/10.1038/509S16a
https://doi.org/10.3390/antibiotics7030075
https://doi.org/10.3168/jds.2006-889
https://doi.org/10.18637/jss.v064.i04
https://doi.org/10.18637/jss.v064.i04
https://doi.org/10.1016/j.animal.2020.100091
https://doi.org/10.1111/avj.13209
https://doi.org/10.1111/avj.13209
https://swab.nl/en/nethmap-pvid369
https://doi.org/10.1155/2018/1836836
https://doi.org/10.1155/2018/1836836
https://www.ema.europa.eu/en/documents/scientific-guideline/revised-european-surveillance-veterinary-antimicrobial-consumption-esvac-reflection-paper-collecting_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/revised-european-surveillance-veterinary-antimicrobial-consumption-esvac-reflection-paper-collecting_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/revised-european-surveillance-veterinary-antimicrobial-consumption-esvac-reflection-paper-collecting_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/revised-european-surveillance-veterinary-antimicrobial-consumption-esvac-reflection-paper-collecting_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/principles-assignment-defined-daily-dose-animals-and-defined-course-dose-animals-draft_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/principles-assignment-defined-daily-dose-animals-and-defined-course-dose-animals-draft_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/principles-assignment-defined-daily-dose-animals-and-defined-course-dose-animals-draft_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/principles-assignment-defined-daily-dose-animals-and-defined-course-dose-animals-draft_en.pdf
https://www.ema.europa.eu/en/documents/other/defined-daily-doses-animals-dddvet-defined-course-doses-animals-dcdvet-european-surveillance_en.pdf
https://www.ema.europa.eu/en/documents/other/defined-daily-doses-animals-dddvet-defined-course-doses-animals-dcdvet-european-surveillance_en.pdf
https://www.ema.europa.eu/en/documents/other/defined-daily-doses-animals-dddvet-defined-course-doses-animals-dcdvet-european-surveillance_en.pdf
https://www.ema.europa.eu/en/documents/report/sales-veterinary-antimicrobial-agents-31-european-countries-2019-2020-trends-2010-2020-eleventh_en.pdf
https://www.ema.europa.eu/en/documents/report/sales-veterinary-antimicrobial-agents-31-european-countries-2019-2020-trends-2010-2020-eleventh_en.pdf
https://www.ema.europa.eu/en/documents/report/sales-veterinary-antimicrobial-agents-31-european-countries-2019-2020-trends-2010-2020-eleventh_en.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0006
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0006
https://doi.org/10.3168/jds.2022-22263
https://www.fda.gov/media/119332/download
https://www.fda.gov/media/119332/download
https://doi.org/10.3389/fvets.2017.00213
https://doi.org/10.1079/AHRR200239
https://doi.org/10.1079/AHRR200239


Journal of Dairy Science Vol. TBC No. TBC, TBC

Gerber, M., S. Dürr, and M. Bodmer. 2021. Reducing antimicrobial 
use by implementing evidence-based, management-related pre-
vention strategies in dairy cows in Switzerland. Front. Vet. Sci. 
7:611682. https: / / doi .org/ 10 .3389/ fvets .2020 .611682 .

Government of Canada. 2021. Canadian Integrated Program for An-
timicrobial Resistance Surveillance (CIPARS). Accessed May 
29, 2023. https: / / www .canada .ca/ en/ public -health/ services/ 
surveillance/ canadian -integrated -program -antimicrobial -resistance 
-surveillance -cipars/ cipars -reports .html.

Gussmann, M., K. Græsbøll, N. Toft, S. S. Nielsen, M. Farre, C. 
Kirkeby, and T. Halasa. 2018. Determinants of antimicrobial treat-
ment for udder health in Danish dairy cattle herds. J. Dairy Sci. 
101:505–517. https: / / doi .org/ 10 .3168/ jds .2017 -12994.

Hartig, F. 2022. DHARMa: Residual diagnostics for hierarchical 
(multi-Level / mixed) regression models. R package version 0.4.6. 
http: / / florianhartig .github .io/ DHARMa/ .

Holstege, M. M. C., A. J. G. de Bont-Smolenaars, I. M. G. A. Sant-
man-Berends, G. M. van der Linde-Witteveen, G. van Schaik, A. 
G. J. Velthuis, and T. J. G. M. Lam. 2018. Factors associated with 
high antimicrobial use in young calves on Dutch dairy farms: A 
case-control study. J. Dairy Sci. 101:9259–9265. https: / / doi .org/ 10 
.3168/ jds .2017 -14252.

Hosain, M. Z., S. M. Lutful Kabir, and M. M. Kamal. 2021. Anti-
microbial uses for livestock production in developing countries. 
Vet. World 14:210–221. https: / / doi .org/ 10 .14202/ vetworld .2021 
.210 -221 .

Hyde, R. M., J. G. Remnant, A. J. Bradley, J. E. Breen, C. D. Hudson, 
P. L. Davies, T. Clarke, Y. Critchell, M. Hylands, E. Linton, E. 
Wood, and M. J. Green. 2017. Quantitative analysis of antimicro-
bial use on British dairy farms. Vet. Rec. 181:1–8. https: / / doi .org/ 
10 .1136/ vr .104614 .

IS ABV. 2022. Verschreibungen von Antibiotika für Tiere in der 
Schweiz. Accessed June 3th, 2023. https: / / www .blv .admin .ch/ 
dam/ blv/ de/ dokumente/ tiere/ tierkrankheiten -und -arzneimittel/ 
tierarzneimittel/ is -abv/ jahresbericht -isabv -2021 .pdf.

Kelm, S. C., A. E. Freeman, and M. E. Kehrli. 2001. Genetic control 
of disease resistance and immunoresponsiveness. Vet. Clin. North 
Am. Food Anim. Pract. 17:477–493. https: / / doi .org/ 10 .1016/ 
S0749 -0720(15)30002 -5 .

Krogh, M. A., C. L. Nielsen, and J. T. Sørensen. 2020. Antimicrobial 
use in organic and conventional dairy herds. Animal 14:2187–2193. 
https: / / doi .org/ 10 .1017/ S1751731120000920.

Kuipers, A., W. J. Koops, and H. Wemmenhove. 2016. Antibiotic use 
in dairy herds in the Netherlands from 2005 to 2012. J. Dairy Sci. 
99:1632–1648. https: / / doi .org/ 10 .3168/ jds .2014 -8428.

Laanen, M., D. Persoons, S. Ribbens, E. de Jong, B. Callens, M. 
Strubbe, D. Maes, and J. Dewulf. 2013. Relationship between bi-
osecurity and production/antimicrobial treatment characteristics 
in pig herds. Vet. J. 198:508–512. https: / / doi .org/ 10 .1016/ j .tvjl 
.2013 .08 .029.

Lardé, H., S. Dufour, M. Archambault, J. Massé, J. P. Roy, and D. 
Francoz. 2021. An observational cohort study on antimicrobial us-
age on dairy farms in Quebec, Canada. J. Dairy Sci. 104:1864–
1880. https: / / doi .org/ 10 .3168/ jds .2020 -18848.

Lava, M., G. Schüpbach-Regula, A. Steiner, and M. Meylan. 2016. 
Antimicrobial drug use and risk factors associated with treatment 
incidence and mortality in Swiss veal calves reared under improved 
welfare conditions. Prev. Vet. Med. 126:121–130. https: / / doi .org/ 
10 .1016/ j .prevetmed .2016 .02 .002.

Loo, E., K. S. Lai, and R. Mansor. 2019. Antimicrobial usage and 
resistance in dairy cattle production. Pages: 1–10 in Veterinary 
Medicine and Pharmaceuticals. S.O. Bekoe, M. Saravanan, R.K. 
Adosraku, and P.K. Ramkumar, ed. IntechOpen, London, UK.

Mallioris, P., W. Dohmen, R. E. C. Luiken, J. A. Wagenaar, A. Stege-
man, and L. Mughini-Gras. 2022. Factors associated with antimi-
crobial use in pig and veal calf farms in the Netherlands: A multi-
method longitudinal data analysis. Prev. Vet. Med. 199:105563. 
https: / / doi .org/ 10 .1016/ j .prevetmed .2021 .105563.

McDougall, S., C. W. R. Compton, and N. Botha. 2017. Factors in-
fluencing antimicrobial prescribing by veterinarians and usage by 

dairy farmers in New Zealand. N. Z. Vet. J. 65:84–92. https: / / doi 
.org/ 10 .1080/ 00480169 .2016 .1246214.

Menéndez González, S., A. Steiner, B. Gassner, and G. Regula. 2010. 
Antimicrobial use in Swiss dairy farms: Quantification and evalu-
ation of data quality. Prev. Vet. Med. 95:50–63. https: / / doi .org/ 10 
.1016/ j .prevetmed .2010 .03 .004 .

OIE. 2018. Annual report on antimicrobial agents intended for use in 
animals, 6th ed. Accessed May 26, 2023. https: / / www .woah .org/ 
app/ uploads/ 2022/ 06/ a -sixth -annual -report -amu -final .pdf.

Poizat, A., F. Bonnet-Beaugrand, A. Rault, C. Fourichon, and N. 
Bareille. 2017. Antibiotic use by farmers to control mastitis as 
influenced by health advice and dairy farming systems. Prev. Vet. 
Med. 146:61–72. https: / / doi .org/ 10 .1016/ j .prevetmed .2017 .07 .016.

Pol, M., and P. L. Ruegg. 2007. Treatment practices and quantifica-
tion of antimicrobial drug usage in conventional and organic dairy 
farms in Wisconsin. J. Dairy Sci. 90:249–261. https: / / doi .org/ 10 
.3168/ jds .S0022 -0302(07)72626 -7.

Pucken, V. B., M. Bodmer, B. Lovis, J. Pont, G. Savioli, F. M. 
Sousa, and G. Schüpbach-Regula. 2021. Antimicrobial consump-
tion: Comparison of three different data collection methods. Prev. 
Vet. Med. 186:105221. https: / / doi .org/ 10 .1016/ j .prevetmed .2020 
.105221.

Saini, V., J. T. McClure, D. Léger, S. Dufour, A. G. Sheldon, D. T. 
Scholl, and H. W. Barkema. 2012. Antimicrobial use on Canadian 
dairy farms. J. Dairy Sci. 95:1209–1221. https: / / doi .org/ 10 .3168/ 
jds .2011 -4527.

Schnyder, P., L. Schönecker, G. Schüpbach-Regula, and M. Meylan. 
2019. Effects of management practices, animal transport and barn 
climate on animal health and antimicrobial use in Swiss veal calf 
operations. Prev. Vet. Med. 167:146–157. https: / / doi .org/ 10 .1016/ 
j .prevetmed .2019 .03 .007.

Schrag, N. F. D., M. D. Apley, S. M. Godden, B. V. Lubbers, and R. 
S. Singer. 2020. Antimicrobial use quantification in adult dairy 
cows – Part 1 – Standardized regimens as a method for describing 
antimicrobial use. Zoonoses Public Health 67(S1):51–68. https: / / 
doi .org/ 10 .1111/ zph .12766.

Shaheen, M., H. A. Tantary, and S. U. Nabi. 2016. A treatise on bovine 
mastitis: disease and disease economics, etiological basis, risk fac-
tors, impact on human health, therapeutic management, preven-
tion and control strategy. J. Adv. Dairy Res. 4:1–10. https: / / doi 
.org/ 10 .4172/ 2329 -888X .1000150 .

Spycher, B., G. Regula, B. Wechsler, and J. Danuser. 2002. Gesund-
heit und Wohlergehen von Milchkühen in verschiedenen Haltung-
sprogrammen. Schweiz. Arch. Tierheilkd. 144:519–530. https: / / doi 
.org/ 10 .1024/ 0036 -7281 .144 .10 .519.

Stevens, M., S. Piepers, K. Supré, J. Dewulf, and S. de Vliegher. 
2016. Quantification of antimicrobial consumption in adult cattle 
on dairy herds in Flanders, Belgium, and associations with udder 
health, milk quality, and production performance. J. Dairy Sci. 
99:2118–2130. https: / / doi .org/ 10 .3168/ jds .2015 -10199.

Swiss Compendium of Veterinary Medicinal Products. 2023. Clini-
Pharm. CliniTox. Accessed April 28, 2023. https: / / www .vetpharm 
.uzh .ch/ tak/ clinidoc .htm.

Umair, M., M. Mohsin, U. W. Sönksen, T. R. Walsh, L. Kreienbrock, 
and R. Laxminarayan. 2021. Measuring antimicrobial use needs 
global harmonization. Glob. Chall. 5:2100017. https: / / doi .org/ 10 
.1002/ gch2 .202100017.

USDA. 2018. Dairy 2014: Health and management practices on U.S. 
dairy operations, 2014. Accessed December 25, 2023. https: / / www 
.aphis .usda .gov/ animal _health/ nahms/ dairy/ downloads/ dairy14/ 
Dairy14 _dr _PartIII .pdf.

Uyama, T., D. L. Renaud, E. I. Morrison, J. T. McClure, S. J. LeB-
lanc, C. B. Winder, E. de Jong, K. D. McCubbin, H. W. Barkema, 
S. Dufour, J. Sanchez, L. C. Heider, and D. F. Kelton. 2022. As-
sociations of calf management practices with antimicrobial use in 
Canadian dairy calves. J. Dairy Sci. 105:9084–9097. https: / / doi 
.org/ 10 .3168/ jds .2022 -22299.

Van Aken, A., D. Hoop, K. Friedli, and S. Mann. 2022. Udder health, 
veterinary costs, and antibiotic usage in free stall compared with 
tie stall dairy housing systems: An optimized matching approach 

Köchle et al.: Antimicrobial use in dairy cows in tie stalls

https://doi.org/10.3389/fvets.2020.611682
https://www.canada.ca/en/public-health/services/surveillance/canadian-integrated-program-antimicrobial-resistance-surveillance-cipars/cipars-reports.html
https://www.canada.ca/en/public-health/services/surveillance/canadian-integrated-program-antimicrobial-resistance-surveillance-cipars/cipars-reports.html
https://www.canada.ca/en/public-health/services/surveillance/canadian-integrated-program-antimicrobial-resistance-surveillance-cipars/cipars-reports.html
https://doi.org/10.3168/jds.2017-12994
http://florianhartig.github.io/DHARMa/
https://doi.org/10.3168/jds.2017-14252
https://doi.org/10.3168/jds.2017-14252
https://doi.org/10.14202/vetworld.2021.210-221
https://doi.org/10.14202/vetworld.2021.210-221
https://doi.org/10.1136/vr.104614
https://doi.org/10.1136/vr.104614
https://www.blv.admin.ch/dam/blv/de/dokumente/tiere/tierkrankheiten-und-arzneimittel/tierarzneimittel/is-abv/jahresbericht-isabv-2021.pdf
https://www.blv.admin.ch/dam/blv/de/dokumente/tiere/tierkrankheiten-und-arzneimittel/tierarzneimittel/is-abv/jahresbericht-isabv-2021.pdf
https://www.blv.admin.ch/dam/blv/de/dokumente/tiere/tierkrankheiten-und-arzneimittel/tierarzneimittel/is-abv/jahresbericht-isabv-2021.pdf
https://doi.org/10.1016/S0749-0720(15)30002-5
https://doi.org/10.1016/S0749-0720(15)30002-5
https://doi.org/10.1017/S1751731120000920
https://doi.org/10.3168/jds.2014-8428
https://doi.org/10.1016/j.tvjl.2013.08.029
https://doi.org/10.1016/j.tvjl.2013.08.029
https://doi.org/10.3168/jds.2020-18848
https://doi.org/10.1016/j.prevetmed.2016.02.002
https://doi.org/10.1016/j.prevetmed.2016.02.002
https://doi.org/10.1016/j.prevetmed.2021.105563
https://doi.org/10.1080/00480169.2016.1246214
https://doi.org/10.1080/00480169.2016.1246214
https://doi.org/10.1016/j.prevetmed.2010.03.004
https://doi.org/10.1016/j.prevetmed.2010.03.004
https://www.woah.org/app/uploads/2022/06/a-sixth-annual-report-amu-final.pdf
https://www.woah.org/app/uploads/2022/06/a-sixth-annual-report-amu-final.pdf
https://doi.org/10.1016/j.prevetmed.2017.07.016
https://doi.org/10.3168/jds.S0022-0302(07)72626-7
https://doi.org/10.3168/jds.S0022-0302(07)72626-7
https://doi.org/10.1016/j.prevetmed.2020.105221
https://doi.org/10.1016/j.prevetmed.2020.105221
https://doi.org/10.3168/jds.2011-4527
https://doi.org/10.3168/jds.2011-4527
https://doi.org/10.1016/j.prevetmed.2019.03.007
https://doi.org/10.1016/j.prevetmed.2019.03.007
https://doi.org/10.1111/zph.12766
https://doi.org/10.1111/zph.12766
https://doi.org/10.4172/2329-888X.1000150
https://doi.org/10.4172/2329-888X.1000150
https://doi.org/10.1024/0036-7281.144.10.519
https://doi.org/10.1024/0036-7281.144.10.519
https://doi.org/10.3168/jds.2015-10199
https://www.vetpharm.uzh.ch/tak/clinidoc.htm
https://www.vetpharm.uzh.ch/tak/clinidoc.htm
https://doi.org/10.1002/gch2.202100017
https://doi.org/10.1002/gch2.202100017
https://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/dairy14/Dairy14_dr_PartIII.pdf
https://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/dairy14/Dairy14_dr_PartIII.pdf
https://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/dairy14/Dairy14_dr_PartIII.pdf
https://doi.org/10.3168/jds.2022-22299
https://doi.org/10.3168/jds.2022-22299


Journal of Dairy Science Vol. TBC No. TBC, TBC

in Switzerland. Res. Vet. Sci. 152:333–353. https: / / doi .org/ 10 
.1016/ j .rvsc .2022 .08 .021 .

Van Boeckel, T. P., C. Brower, M. Gilbert, B. T. Grenfell, S. A. Levin, 
T. P. Robinson, A. Teillant, and R. Laxminarayan. 2015. Global 
trends in antimicrobial use in food animals. Proc. Natl. Acad. Sci. 
USA 112:5649–5654. https: / / doi .org/ 10 .1073/ pnas .1503141112.

Van Der Wolf, P. J., W. B. Wolbers, A. R. W. Elbers, H. M. J. F. Van 
Der Heijden, J. M. C. C. Koppen, W. A. Hunneman, F. W. Van 
Schie, and M. J. M. Tielen. 2001. Herd level husbandry factors as-
sociated with the serological Salmonella prevalence in finishing pig 
herds in the Netherlands. Vet. Microbiol. 78:205–219. https: / / doi 
.org/ 10 .1016/ S0378 -1135(00)00294 -7 .

Veterinary Medicines Ordinance. 2016. Verordnung über die Tierarz-
neimittel (Tierarzneimittelverordnung, TAMV). Accessed May 27, 
2023. https: / / www .fedlex .admin .ch/ eli/ oc/ 2016/ 169/ de.

Washburn, S. P., S. L. White, J. T. Green Jr., and G. A. Benson. 
2002. Reproduction, mastitis, and body condition of seasonally 
calved Holstein and Jersey cows in confinement or pasture sys-
tems. J. Dairy Sci. 85:105–111. https: / / doi .org/ 10 .3168/ jds .S0022 
-0302(02)74058 -7.

Weigel, K. A., and G. E. Shook. 2018. Genetic selection for mastitis 
resistance. Vet. Clin. North Am. Food Anim. Pract. 34:457–472. 
https: / / doi .org/ 10 .1016/ j .cvfa .2018 .07 .001.

WHO. 2015. Global action plan on antimicrobial resistance. Ac-
cessed April 24, 2023. https: / / www .who .int/ publications/ i/ item/ 
9789241509763.

WHO. 2018. Critically important antimicrobials for human medicine. 
Accessed May 10, 2023. https: / / apps .who .int/ iris/ handle/ 10665/ 
312266.

Köchle et al.: Antimicrobial use in dairy cows in tie stalls

https://doi.org/10.1016/j.rvsc.2022.08.021
https://doi.org/10.1016/j.rvsc.2022.08.021
https://doi.org/10.1073/pnas.1503141112
https://doi.org/10.1016/S0378-1135(00)00294-7
https://doi.org/10.1016/S0378-1135(00)00294-7
https://www.fedlex.admin.ch/eli/oc/2016/169/de
https://doi.org/10.3168/jds.S0022-0302(02)74058-7
https://doi.org/10.3168/jds.S0022-0302(02)74058-7
https://doi.org/10.1016/j.cvfa.2018.07.001
https://www.who.int/publications/i/item/9789241509763
https://www.who.int/publications/i/item/9789241509763
https://apps.who.int/iris/handle/10665/312266
https://apps.who.int/iris/handle/10665/312266

	Associations of Swiss national reporting system’s antimicrobial use data and management practices in dairy cows on tie stall farms
	INTRODUCTION
	MATERIALS AND METHODS
	Study Design and Ethic Statement
	Farm Recruitment
	Data Collection
	Data Analyses.
	Statistical Analyses

	RESULTS
	Descriptive Statistics

	DISCUSSION
	Estimating AMU
	Antimicrobial Classes
	Administration Routes
	Management-related Associations
	Study Limitations and Strengths

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


