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a b s t r a c t
Background: High antimicrobial use (AMU) and antimicrobial resistance (AMR) in veal calves remain a
source of concern. As part of the EFFORT project, the association between AMU and the abundance of
faecal antimicrobial resistance genes (ARGs) in veal calves in three European countries was determined.
Methods: In 2015, faecal samples of veal calves close to slaughter were collected from farms located in
France, Germany and the Netherlands (20 farms in France, 20 farms in the Netherlands and 21 farms in
Germany; 25 calves per farm). Standardized questionnaires were used to record AMU and farm characteristics. In total, 405 faecal samples were selected for DNA extraction and quantitative polymerase chain
reaction to quantify the abundance (16S normalized concentration) of four ARGs [aph(3’)-III, ermB, sul2
and tetW] encoding for resistance to frequently used antimicrobials in veal calves. Multiple linear mixed
models with random effects for country and farm were used to relate ARGs to AMU and farm characteristics.
Results: A signiﬁcant positive association was found between the use of trimethoprim/sulfonamides and
the concentration of sul2 in faeces from veal calves. A higher weight of calves on arrival at the farm was
negatively associated with aph(3’)-III and ermB. Lower concentrations of aph(3’)-III were found at farms
with non-commercial animals present. Furthermore, farms using only water for the cleaning of stables
had a signiﬁcantly lower abundance of faecal ermB and tetW compared with other farms.
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Conclusion: A positive association was found between the use of trimethoprim/sulfonamides and the
abundance of sul2 in faeces in veal calves. Additionally, other relevant risk factors associated with ARGs
in veal calves were identiﬁed, such as weight on arrival at the farm and cleaning practices.
© 2020 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved.

1. Introduction
The global emergence of antimicrobial resistance (AMR) is considered to be a large threat to human health [1], and has resulted,
in part, to antimicrobial use (AMU) in animals [2]. In veal calf
farming, high AMU and AMR remain a source of concern. The calf
trading network is complex, and calves from different farms are
mixed and transported across regional and international borders
[3]. Consequently, and because the immune system of a calf is not
fully developed until approximately 6 months after birth [4], calves
have an increased risk of developing infectious diseases, resulting
in high AMU in veal calves [5].
In order to control the level of AMR in veal calves, there is an
urgent need to quantify the abundance of antimicrobial resistance
genes (ARGs) and to identify the potential risk factors. ARGs can be
transferred horizontally between bacterial species. Compared with
focusing on pathogenic-resistant bacteria, studying ARGs can provide a more comprehensive overview of AMR in livestock [6]. To
determine the potential determinants of AMR in veal calves, a previous study found a positive association between AMR and AMU in
veal calves [7]. Interestingly, a longitudinal study has shown that
the prevalence of meticillin-resistant Staphylococcus aureus (MRSA)
in calves and stable air did not increase simultaneously with or directly after treatment with antimicrobials [8], suggesting that AMU
may not be the only determinant for AMR in veal calves.
As part of the Ecology from Farm to Fork of Microbial Drug Resistance and Transmission (EFFORT) project, this study aimed to
better understand the relationship between AMU and the abundance of selected ARGs in veal calves. This study investigated
the abundance of genes encoding resistance to four antimicrobial classes: aminoglycosides, macrolides, tetracyclines and sulfonamides [2,6,8,9]. Antimicrobials that belong to these classes
and the combined use of trimethoprim/sulfonamides (trim/sulfa)
are the most widely used antimicrobials in European veal calves
[3,6,9]. Associations between faecal ARGs with the abovementioned antimicrobial classes (aph(3’)-III, ermB, sul2 and tetW) and
potential farm-related risk factors (e.g. AMU, weight of calves and
stable cleaning agents) were determined in France, Germany and
the Netherlands.

country cannot be considered representative of the entire veal calf
sector in that country.
2.2. Faecal sampling and data collection
2.2.1. Faecal sample collection
At each farm, 25 individual calves were sampled in their last
weeks before slaughter. Faecal samples were collected using sterile
spoons during or directly after defaecation from faecal parts without ﬂoor contact. No animal ethics approval from the respective
national authorities was needed (non-invasive faecal sampling process). For each calf, a minimum of 10 g of faeces was collected in
a sterile faeces container. After collection, the samples were stored
at 4°C, transported to the laboratory within 24 h, homogenized and
stored at -80°C until DNA extraction.
2.2.2. Data on AMU and farm characteristics
A standardized questionnaire was completed by the farmers.
This included questions on AMU, farm and herd characteristics, and
farm management. AMU group treatment incidences (TIs) based on
deﬁned daily doses for animals (DDDvet) were computed at the
farm level. More technical details have been described previously
[11].
2.3. DNA extraction and qPCR
Of the 25 faecal samples collected at the farms, seven individual faecal samples from each farm were selected at random for
quantitative polymerase chain reaction (qPCR) detection and analysis. DNA was extracted using the modiﬁed QIAmp Fast DNA stool
mini kit (Cat. No. 51604; Qiagen, Venlo, The Netherlands). Following DNA extraction, qPCR was performed to quantify the relative
abundance of ARGs. More details regarding the qPCR assays, quality control steps [internal ampliﬁcation control (IAC), replicate consistency check] and 16S normalization have been described previously (16S, ermB, tetW) [12]. For aph(3’)-III and sul2, the qPCR process differed slightly in PCR reaction composition (primers, probe):
[aph(3’)-III – 400 nM, 250 nM; sul2: 100 nM, 100 nM] [13,14], and
limit of detection/quantiﬁcation (LOD/LOQ) and qPCR eﬃciency
percentage: aph(3’)-III – 0.22, 0.52, 101.6%; sul2 – 0.92, 0.91, 93.6%.
All genes were expressed as log10 gene copies.
2.4. Statistical analysis

2. Materials and methods
2.1. Study design and study population
Between January and December 2015, a cross-sectional study
was conducted in 61 veal calf farms in France, Germany and the
Netherlands. Country names were anonymized to ‘B’, ‘E’ and ‘F’
in line with previous EFFORT publications [6,10]. In each of the
participating countries, conventional non-mixed white or rosé veal
calf farms were visited. Sampling was spread over the entire year.
Only individual farms rearing at least 200 animals per production round with no contacts through trade and using an ‘all-in-allout’ production system were included in the study. Farm selection
was based, in part, on convenience (e.g. distance from the research
institute to the farms). Therefore, the sampling of farms in each

SAS Version 9.4 and R Version 3.6.3 were used for statistical
analysis. Potential risk factors were chosen based on the published
literature on AMR risk factors in veal calves (age, weight, farm size,
season) [7,15] or other livestock sectors (non-commercial animals
[16], type of cleaning agents [17]).
After qPCR quality control (IAC and replicate consistency), values below the LOD were removed (16S gene) or replaced [aph(3’)III, sul2]. ARGs were replaced with half of the lowest untransformed value >LOD per gene and country before log10 transforming these again.
AMU data were strongly right skewed; therefore, log10 transformation was applied [log10(AMU +1)]. To take the between- and
within-country variation into account, a linear mixed model with
a random effect for both country and farm was applied.
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Fig. 1. Overview of antimicrobial usage (AMU) in sampled veal farms in three countries. In total, 61 veal farms were sampled in three countries. Zero usage levels were
included when calculating mean AMU. TIDDDvet , mean treatment incidence (TI) based on deﬁned daily doses administered (DDDvet), which indicates the average number of
treatment-days per 100 days. Trim, trimethoprim; sulfa, sulfonamides.

AMU and other farm-related factors (ﬁxed effect variables) were
ﬁrst selected in a univariate analysis (P<0.20) and subsequently introduced into a multiple linear mixed model per ARG. Correlations
between the included independent variables were checked, and
only variables with low correlation were included in the full multivariable model [both continuous variables: Pearson correlation (ρ )
<0.7; both categorical variables: Chi-squared test (P>0.05); one
continuous variable and one categorical variable: one-way analysis of variance (ANOVA) (P>0.05)]. Subsequently, the full models
(containing all possible risk factors and confounders) were reduced
manually, employing a backward selection based on the Akaike information criterion to obtain the ﬁnal model. To make the model
coeﬃcients more interpretable, all coeﬃcients were exponentiated
to obtain geometric mean ratios (GMR and 95% conﬁdence intervals). Before exponentiation, estimates corresponding to numeric
determinants were multiplied by the interquartile range (IQR) to
obtain the GMR for an interquartile range increase in the determinant.
3. Results
3.1. Antimicrobial use
The types of antimicrobials and amount of AMU varied across
the three countries (Fig. 1). Macrolides (84%, 60% and 100% of
farms in Countries B, E and F, respectively) and tetracyclines (84%,
90% and 100% of farms in Countries B, E and F, respectively)
were widely used. In Country B, aminopenicillins (95%), amphenicols (79%) and ﬂuoroquinolones (89%) were also widely used. Two
farms were excluded from the analysis due to missing qPCR data
or because AMU was out of the range of expected values, resulting in 59 farms for data analysis. As only eight of the 59 farms
used aminoglycosides, TIDDDvet for aminoglycosides was replaced
by a binary variable indicating aminoglycoside use (yes/no).

3.2. Abundance of ARGs
After qPCR quality control and 16S normalization, 124–137, 118–
137 and 89–131 (min–max) samples per ARG model remained for
analysis within Countries B, E and F, respectively. Signiﬁcant differences were found between the three countries for the mean abundance of all targets [aph(3’)-III (P<0.01), sul2 (P<0.01) and tetW
(P=0.04); one-way ANOVA], except for ermB (P=0.08).
3.3. Associations between farm characteristics and abundance of
ARGs
Fig. 2 illustrates the relationship between the ARGs and AMU
for the different antimicrobial classes among the three countries.
For each ARG, a ﬁnal linear mixed model was ﬁtted (Table 1).
A signiﬁcant positive association was found between trim/sulfa
use and the abundance of sul2 in faecal samples from calves
(GMR=1.37, P<0.01). Furthermore, a higher weight of calves on arrival at the farm was negatively associated with faecal aph(3’)-III
(GMR=0.82, P=0.01) and ermB (GMR=0.72, P<0.01) loads. Lower
faecal aph(3’)-III levels were found in calves at farms where
non-commercial animals (e.g. cats, dogs, sheep) were present
(GMR=0.71, P=0.05). Veal calves sampled at farms that used
only water for cleaning of stables carried lower ermB (GMR=0.5,
P=0.01) and tetW (GMR=0.66, P=0.04) concentrations in their faeces compared with veal calves of farms which used both soaking agents and disinfectants. Agents used for cleaning stables were
not included in the ﬁnal model of aph(3’)-III because of correlation
with the use of aminoglycosides (P<0.01, Chi-squared test).
4. Discussion
This study determined the potential risk factors for faecal carriage of ARGs in veal calves close to slaughter. A signiﬁcant positive
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Fig. 2. Association between antimicrobial usage [farm level; mean treatment incidence (TI) based on deﬁned daily doses administered (DDDvet) (TIDDDvet )] and antimicrobial
resistance [log10 (antimicrobial resistance gene copies-16s copies)] in veal calf faeces (n=405), sampled at 59 farms in three countries. (a) Association between log10 transformed aminoglycoside usage and 16S normalized aph(3’)-III abundance. (b) Association between log10 transformed macrolide usage and 16S normalized ermB abundance. (c)
Association between log10 transformed trimethoprim/sulfonamide usage and 16S normalized sul2 abundance. (d) Association between log10 transformed tetracycline usage
and 16S normalized tetW abundance.

Table 1
Associations between antimicrobial usage (AMU), veal calf farm characteristics and relative abundance of aph(3’)-III, ermB, sul2 and tetW resistance genes

AMU

IQR or %

Aminoglycosides used (ref: no)
Log TIDDDvet macrolides

14%
0.52

Log TIDDDvet trimethoprim/sulfonamides
Log TIDDDvet tetracyclines

0.49
0.53

Farm characteristics
Other animals present at the farm (ref: no)
Weight of calves at arrival (kg)

57.6%
4.9

Number of calves at sampling

785

Agents used for cleaning
No cleaning
Water only
Soaking agents
Disinfectants
Soaking agents and disinfectants

8.5%
22%
6.8%
45.8%
16.9%

median
(25–75pct)

GMR (95% CI)
aph(3’)-III

0.5
(0.09–0.61)
0 (0–0.49)
0.74
(0.39–0.92)

1.42

48
(45.3–50.2)
729
(258–1043)

0.71
0.82

ermB
1.07

-

sul2

tetW

(0.91–2.20)

(0.51–0.99)
(0.71–0.95)

0.72

0.67
0.5
1.21
0.94
ref

(0.82–1.39)
1.37
1.23

(1.09–1.74)
(0.99–1.52)

0.83

(0.64–1.06)

0.94

(0.75–1.17)

0.75
0.66
1.1
0.97
ref

(0.44–1.25)
(0.44–0.97)
(0.65–1.88)
(0.69–1.37)
.

(0.62–0.85)

(0.34–1.32)
(0.29–0.84)
(0.58–2.53)
(0.59–1.50)
.

IQR, interquartile range; GMR, geometric mean ratio; TIDDDvet , mean treatment incidence based on deﬁned daily doses administered; CI, conﬁdence interval.
Final linear mixed model with a random effect for both country and farm after mutual adjustment for confounding from the univariate analysis (P<0.05), which was
deﬁned with the lowest Akaike’s information criterion. Signiﬁcant associations are marked in bold (P<0.05).

association was found between the trim/sulfa use and the abundance of sul2 in the overall model. Similarly, one Danish study suggested a positive link between the faecal presence of sulfonamideresistant Escherichia coli in pigs and increased trim/sulfa administration [18]. However, for aminoglycoside, macrolide and tetracycline resistance, signiﬁcant associations were not found between
AMU and the respective ARG. An explanation for the absence of

additional associations might be that antimicrobials administered
in the early rearing phase do not affect faecal ARG levels in the
period just before slaughter. In this study, a considerable number
of farms reported no use of speciﬁc antimicrobial classes, while the
corresponding ARGs could still be demonstrated in faecal samples
of the respective farms. Therefore, it is hypothesized that actual
AMU in veal calves only partially explains AMR, which is in line
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with results from European Union broiler farming that showed a
similar resistome composition in untreated ﬂocks compared with
treated ﬂocks [10].
A negative association was found between the weight of calves
on arrival at the farm and faecal aph(3’)-III carriage and ermB carriage. A Swiss study also found a signiﬁcantly higher AMR abundance among pigs of lower weight [19]. The weight of a calf on
arrival at the farm could be an indicator of lower health status,
resulting in the administration of a higher number of AMU treatments during its lifespan or a higher dosage of AMU upon arrival
at the farm [7] to reduce the risk of infectious disease transmission.
Surprisingly, veal calves from farms that used only water for
cleaning had signiﬁcantly lower ermB and tetW concentrations in
their faeces compared with calves from farms using both soaking agents and disinfectants. This is consistent with some previous
studies in veal calves. In the study by Dorado-Garcia et al. [15], a
speciﬁc cleaning and disinfecting programme was not effective to
reduce the prevalence of MRSA in veal calf farms, while a positive
association was observed between internal biosecurity (e.g. cleaning and disinfecting) and higher faecal AMR loads at pig farms
[9]. It is diﬃcult to explain the effect of cleaning agents on AMR
against the background of signiﬁcant differences in AMU in farms
that use different cleaning agents. One hypothesis to explain this is
that the application and residual action of biocides may contribute
to co-selection of biocide-resistant genes and ARGs [20]. These results are, in themselves, not evidence against the use of disinfectants when cleaning livestock stables, but further studies to optimize cleaning and disinfection protocols in farms are advised.
4.1. Strengths and limitations
To the authors’ knowledge, to date, this is the largest multicountry study on faecal AMR loads in veal calves [59 farms (405
samples)]. Despite this, bias and errors could have been introduced
in this study. In general, non-differential exposure misclassiﬁcation might lead to attenuation of associations. Another limitation
is whether unknown historical AMU may have had a potential effect on AMR in the non-use farms. Finally, possible false-positive
chance ﬁndings may not have been avoided completely.
5. Conclusions
A positive association was found between the use of trim/sulfa
and the abundance of sul2 in faeces from veal calves. A higher
weight of calves on arrival at the farm was negatively associated
with aph(3’)-III and ermB. The use of only water for cleaning stables, compared with the use of soaking agents and disinfectants,
showed a negative association with the abundance of AMR in veal
calves.
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