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a  b  s  t  r  a  c  t

High  antimicrobial  usage  and  multidrug  resistance  have  been  reported  in  veal  calves  in  Europe.  This may
be attributed  to a  high  risk  of disease  as  veal  calves  are  often  purchased  from  numerous  dairy  herds,
exposed  to  stress  related  to the  transport  and commingling  of  new  animals,  and  fed  a  new  ration.  In this
study,  we  used  national  register  data  to  characterize  the  use  of antimicrobials  registered  for  large  Danish
veal  calf and  young  bull producing  herds  in  2014.

A  total  of 325  herds  with  veal  calf  and potentially  young  bull  production  were  identified  from  the  Danish
Cattle  database.  According  to the national  Danish  database  on  drugs  for veterinary  use (VetStat),  a  total
of  537,399  Animal  Daily  Doses  (ADD200) were  registered  for these  325  herds  during  2014.  The  amount
of  antimicrobials  registered  in 2014  varied  throughout  the year,  with  the  highest  amounts  registered  in
autumn  and  winter.  Antimicrobials  were  registered  for respiratory  disorders  (79%),  joints/limbs/CNS  dis-
orders  (17%),  gastrointestinal  disorders  (3.7%)  and  other  disorders  (0.3%).  Of  the  registered  antimicrobials,
15%  were  for oral  and  85%  for parenteral  administration.  Long-acting  formulations  with  a  therapeutic
effect  of more  than  48 h covered  58%  of  the  drugs  for  parenteral  use.  Standardized  at  the herd-level,  as
ADD200/100  calves/day,  antimicrobial  use  distributed  as  median  [CI95%] for  starter  herds  (n = 22):  2.14
[0.19;7.58],  finisher  herds  (n  =  24):  0.48  [0.00;1.48],  full-line  herds  (n = 183):  0.78  [0.05;2.20]  and  herds
with  an  inconsistent  pattern  of  movements  (n = 96):  0.62  [0.00;2.24].  Full-line  herds  are  herds,  which
purchase  calves  directly  from  a dairy  herd  and  raise  them  to  slaughter.
Furthermore,  we  performed  a risk  factor  analysis  on  the  183  herds  with  a full-line production.  Here,
we  investigated,  whether  the  number  of  suppliers,  the  number  of calves  purchased,  the  frequency  of
purchase,  the  average  age  at introduction,  the  average  time  in  the  herd  and  vaccination  influenced  the
amount  of  antimicrobials  used  in  the  herds.  The  final  multivariable  regression  analysis  revealed  that  the

ced  w
number  of calves  introdu

. Introduction

High antimicrobial usage and multidrug resistance have been
ound in Belgian and Dutch veal calves (Catry et al., 2007; Pardon
t al., 2012a; Bos et al., 2012). In the same countries antimicrobial
sage in veal calves has been found to exceed that of pig, poultry,
airy and beef cattle production (Pardon et al., 2012a; Bondt et al.,
013). An explanation may  be that producers of pigs and poultry

eceive animals from a limited number of suppliers, while veal calf
roducers typically purchase calves from numerous dairy herds.

 large number of suppliers, new feed and stress related to the
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as  positively  associated  with  the antimicrobial  use  in  the herd.
©  2016  Elsevier  B.V.  All  rights  reserved.

transport and commingling of new animals exposes veal calves to a
high risk of disease and may  explain the higher use of antimicrobials
(Pardon et al., 2012a).

Veal calf production can generally be divided into two types;
white and rosé veal calf production. White veal calves are primarily
fed on calf milk replacer and are slaughtered at around 6–8 months
of age, while rosé veal calves are weaned in the beginning of the
fattening period and subsequently fed on roughage and concen-
trate, until they are slaughtered at around 8–12 months of age (Bos
et al., 2012). Additionally, rosé veal calf production can be divided
into rosé starter and rosé finisher herds with large differences in
antimicrobial usage (Bos et al., 2013).

Denmark only produce rosé veal calves. The vast majority of

Danish rosé veal calves, are bull calves purchased from domes-
tic dairy herds. Some of the calves are slaughtered as veal (8–12
months of age) (EU Regulation EC, 2007), while some are slaugh-
tered as young bulls (>12 months of age) (Danish Agriculture and
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ood Council, 2016). In 2014, around 200,000 veal and young
ulls were slaughtered in Denmark (Danish Agriculture and Food
ouncil, 2015). Heifers only make up around 1% of the total number
f produced calves (SEGES, 2016). After arrival in a specialized veal
alf herd, the calves receive calf milk replacer until around 8 weeks
f age, after which they are typically fed on a ration of grain and
oncentrate or on a total mixed ration based on corn silage. The
alves are predominantly Danish Holsteins, though a small per-
entage of them are Holstein crossbreds. Specialized Danish rosé
eal calf producers generally keep the calves in compartments of
ultiple straw-bedded pens or cubicles, where each unit may  hold

–50 calves of the same age, depending on the producer. Typically,
n all-in-all-out production is implemented at pen level, but not at
ompartment level. Depending on the facilities, this may  result in
alves of different ages being housed under the same roof, thus
acilitating the transmission of airborne pathogens (Mars et al.,
999; Niskanen and Lindberg, 2003).

In herds with a Veterinary Advisory Service Contract, Danish
eterinarians can prescribe drugs for use within 63 days (Anon.,
016). This means that most Danish veal and young bull producers
ave a veterinary visit at least every second month. All prescription-
nly drugs for veterinary use are registered in the national database
etStat, which holds detailed information on each purchase of
rug such as the date, prescribing veterinarian, receiving herd ID,
pecies, age group and clinical indication (Stege et al., 2003). In
ddition, the Danish cattle database holds detailed information on
ll Danish cattle and their movements, including the date of birth,
ate of movement and herd ID of the sender and recipient.

There is limited research into the overall disease occurrence in
anish veal calf production. A study from 1984 found pneumonia
nd enteritis to be the predominant diseases (Madsen, 1984). In
wiss and Belgian white veal calves, respiratory disease was found
o be the main indication for antimicrobial treatment (Pardon et al.,
012a; Lava et al., 2016b), with a peak incidence in the third week
fter arrival (Pardon et al., 2012b). The second most common indi-
ation for treatment of Belgian white veal calves was diarrhea (12%),
hile arrival prophylaxis made up 13% of the treatments (Pardon

t al., 2012a). Group treatments were widely applied in the pro-
uction in both countries (>84%) (Pardon et al., 2012a; Lava et al.,
016b).

Recent risk factor studies on white veal calves in Switzerland
ave demonstrated purchase of calves and herd size to be signif-

cantly associated with the use of metaphylactic treatments (Lava
t al., 2016a), while the lack of quarantine and clinical examina-
ion upon arrival, as well as shared airspace for several groups
f calves were associated with an increased antimicrobial usage
Lava et al., 2016b). To the best knowledge of the authors, no risk
actor study on rosé veal calf production has so far been carried
ut. Therefore, based on register data, our aim was to characterize
ntimicrobial usage in Danish veal calves specified in the following
wo objectives:

a Describe the total amount of antimicrobials registered for all
large Danish herds with a veal calf and potentially young bull
production in 2014.

 Identify risk factors influencing the amount of antimicrobials reg-
istered at herd level in large Danish herds which purchased calves
and raised them to slaughter (full-line production).

. Materials and methods
.1. Study population

Based on the Danish Cattle database, herds included in the study
opulation had to fulfill the following three criteria:
ry Medicine 131 (2016) 41–47

1. No delivery of milk to a dairy in 2014
2. Slaughter more than 100 bull calves in 2014
3. Less than 80% of the cattle in the herd should be of dairy or mixed

breeds

Bovines which had stayed in one of the study herds in the
period 01 January, 2014–31 December, 2014 were included. For
these animals, all movements were extracted from the Danish Cat-
tle database until 31 December 2014. Based on the definition of
veal by the European Council (EU Regulation EC, 2007), calves were
defined as being less than 366 days of age at the time of slaughter.
Only bovines which were calves (<366 days of age) at the time of
introduction in one of the study herds were retained in the final
dataset.

For each calf, we  consecutively numerated each herd through
which the calf had passed, aside from the originating dairy herd,
markets and delivering traders. Based on this, we  defined four dif-
ferent types of herds: Starter and full-line herds, where ≥95% of the
calves entering the herd came directly from the herd where they
were born (possibly through a market or delivery trader); and fin-
isher herds, where ≥95% of the entering calves came from a starter
herd. Herds with a low average age of exit (<250 days) or a high
variance in the age at exit (>10 days) were checked manually, to
differentiate starter and full-line herds. Herds, which did not fulfill
the definitions of starter, finisher or full-line herds, were defined as
herds with inconsistencies in movements.

The number of registered calves on the first day of each month
was extracted from the Danish Cattle database. We  calculated a
weighted herd size for 2014 based on this information and taking
into account the number of days in each month. Additionally, calf
mortality from day 0–180 was calculated for each herd as a mod-
ified Kaplan-Meier estimate. The Kaplan-Meier estimate follows a
specific cohort of calves during the first 180 days of their lives, for
which a mortality risk is calculated as the number of fallen and
euthanized calves divided by the number of calves at risk (Nielsen
et al., 2010). Due to availability of data, the calf mortality was stated
for the period between 01 October, 2014 and 30 September, 2015,
covering calves born between 01 April, 2014 and 31 March, 2015.
For each herd, we  summarized the number of calves purchased, the
average age at introduction, the average time in the herd, frequency
of purchase, purchase from markets and delivering traders, and the
number of suppliers (excluding delivering traders and markets).
Furthermore, we  calculated the proportion of calves slaughtered
<366 days of age out of the total number of slaughtered bovine.

2.2. Antimicrobial prescriptions

In VetStat, all prescription-only drugs for production animals are
registered in detail at the time of purchase by farmers (from either
pharmacies or veterinarians) (Stege et al., 2003). We  retrieved
records on antimicrobials for calves registered by both pharmacies
and veterinarians in 2014 from VetStat on 01 June, 2015. Antimi-
crobials registered by veterinarians were manually checked and
systematic errors were corrected. Furthermore, registrations with
an invalid code of indication (e.g. disease in other species) were
deleted.

For each herd in the study, the amount of antimicrobials regis-
tered in VetStat for calves was used as a measure for the amount of
antimicrobials used. Antimicrobials were quantified as the num-
ber of Animal Daily Doses (ADD200) (Jensen et al., 2004). Based
on the official Danish quantification of antimicrobials, we used a
standard weight of 200 kg for calves (personal communication Erik

Jacobsen, Danish Veterinary and Food Administration). The stan-
dard dose, ADD200 corresponds to the treatment of one 200 kg
calf for one day. For comparison between herds, the amount of
antimicrobials was  standardized in agreement with the official
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Fig. 1. Variation in the amount of registered antimicrobials in 2014 for 325 Danish
M. Fertner et al. / Preventive Ve

nit as the number of Animal Daily Doses per 100 calves per day
ADD200/100 calves/day). This unit approximates the percentage
f calves treated daily at the herd assuming that all calves weigh
00 kg (Anon., 2014). Based on the Anatomical Therapeutic Chem-

cal classification system, antimicrobial products were grouped
ccording to active substance as amphenicols, combination prod-
cts (all except sulphonamide/trimethoprim and lincospectin),
acrolides, sulphonamide/trimethoprim, tetracyclines, simple or

xtended-spectrum penicillin products, lincospectin, lincosamides,
ephalosporin, aminoglycosides and colistin. The products were
urther characterized as intended for parenteral or oral use, based
n the definitions in VetStat. Clinical indication according to diag-
ostic grouping in VetStat (Stege et al., 2003) was categorized as
astrointestinal, respiratory, joint/limbs/Central Nervous System
CNS) or other disorders (covering the three VetStat diagnostic
roups reproduction, udder and metabolism as well as missing dis-
rders). In addition, information about registered vaccines against
espiratory disorders was extracted.

.3. Statistical analyses

For all large Danish herds producing veal calves and young
ulls, a descriptive analysis was performed, including the total
mount of antimicrobials registered, quantified as ADD200, accord-
ng to months of registration, route of administration, antimicrobial
ctive substance and clinical indication, as stated in VetStat.

For full-line herds, we performed a multivariable regression
nalysis with ADD200/100 calves/day as the response variable.
otential risk factors included: Herd size, number of suppliers,
umber of calves purchased, frequency of purchase, average age
t introduction, average time in the herd and vaccination.

The number of calves introduced was 10 log-transformed to
mprove linearity with the outcome. Additional continuous risk fac-
ors with a non-linear relationship with the outcome were each
ategorized into three categories according to their distribution.
rior to categorization, the correlation between all continuous
xplanatory variables were investigated two at a time, and if Spear-
an’s coefficient >0.6 only one of the parameters was included in

he final model.
Initially, each possible risk factor was tested with the outcome in

 univariable analysis. If found to be significant (p < 0.05), pairwise
ost-test comparisons were performed using the contrast proce-
ure in the Least-Squares Means package in R (Lenth and Herv,
015). For the multivariable analysis, all factors sufficiently asso-
iated with the outcome (p < 0.20 in univariable analysis) were
ncluded. All biologically plausible interactions were assessed indi-
idually to see, if they significantly improved the model including
ll risk factors. Following this, the model with all risk factors was
educed by stepwise backward elimination. To improve the resid-
als of the model, the outcome was Box-Cox transformed. Due to
ull-values, we added half the minimum value to the outcome prior
o the Box-Cox transformation.

Data management was carried out using the software SAS® (SAS
nstitute Inc., 2014), while statistical analyses were performed in R
R Core Team, 2014).

. Results

.1. Descriptive analyses of the study population
A total of 333 herds fulfilled the initial inclusion criteria. Sub-
equently, 8 herds were excluded due to cessation (1), systematic
ncorrect registrations (1), partly beef production (2) and combined
tarter-/full-line production (4).
herds producing veal calves and young bulls. Antimicrobials are quantified as Animal
Daily Doses for calves (ADD200), illustrated according to the month of prescription.

Of the cattle present in the remaining 325 herds, 242,474 (98.7%)
of them had entered one/more study herds as calves <366 days of
age and 3224 (1.3%) as bovine ≥366 days of age. The latter category
of cattle was excluded from further analysis. Of the 242,474 calves
entering, 176,897 (73.0%) were slaughtered as veal (<366 days)
with a median slaughter age at 300 days, CI95% [271;354], while
43,780 (18.1%) were slaughtered as young bulls (≥366 days), with
a median slaughter age of 403 days, CI95% [369;814] at the time of
slaughter. The remaining 21,797 (9.0%) calves were not slaughtered
prior to 01 January, 2015.

Based on the movement of calves, we  defined 22 starter herds,
24 finisher herds, 183 full-line herds and 96 herds with inconsistent
movements of calves. Herds with inconsistencies in movements
received calves by the second to seventh movement of the calf after
it left the dairy herd (average 2.3 movements).

The majority of starter-, finisher and full-line herds slaughtered
more than 90% of their calves as veal <366 days of age, while herds
with inconsistent movements slaughtered a larger proportion of
young bulls ≥366 days (Table 1).

In total, twelve herds purchased calves from delivering traders
and 19 herds purchased from markets. From these sources, the
herds received a median number of six calves (ranging from 1 to
398) and nine calves (ranging from 1 to 269), respectively.

3.2. Descriptive analyses of antimicrobials registered for all large
Danish herds producing veal calves and young bulls

In 2014, a total of 1,062,376 ADD200 were registered for calves
in VetStat. Of these, 537,399 ADD200 (51%) were registered for
the selected 325 large veal calf and young bull producing herds,
with 532,438 ADD200 (99%) originating from pharmacies and 4961
ADD200 (1%) from veterinarians.

The amount of antimicrobials varied between seasons, with the
largest amounts of antimicrobials registered in autumn and winter
(September–February) (Fig. 1).

Of the registered antimicrobials, 85.4% were for parenteral use
and 14.6% for oral use. Long-acting formulations with a therapeu-
tic effect of more than 48 h covered 58% of all antimicrobials for
parenteral use. Amphenicols, macrolides and extended penicillins
were the primary active substances of long-acting formulations. For
oral use, the majority of antimicrobials were soluble tetracyclines
(Fig. 2). Lincospectin, lincosamide, cephalosporin, aminoglycoside
and colistin only covered a total of 1603 (0.3%) ADD200 and are
therefore not illustrated in Fig. 2.

Respiratory disorders were the primary indication for antimi-

crobial use, accounting for 78.9% of all ADD200 in 2014.
Joints/limbs/CNS disorders accounted for 17.1%, gastrointestinal
disorders for 3.7% and other conditions for 0.3% of the total amount
of ADD200 (Fig. 2).
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Table 1
Characteristics of 325 Danish herds producing veal calves and young bulls in 2014. Herds are characterized according to their type of production as either starter, finisher,
full-line  or herds with inconsistent movements. Values are presented as the median and 95% confidence interval.

Starter Finisher Full-line Inconsistent

Number of herds 22 24 183 96
Number of introduced calvesa 1597 [445;3764] 512 [186;2074] 474 [203;2533] 524 [226;2349]
Proportion of veal calves producedb 0.97 [0.32;0.99] 0.97 [0.12;1.00] 0.94 [0.18;1.00] 0.60 [0.21;0.99]
Number of purchases (in 2014)c 71 [25;169] 21 [7;35] 53 [18;115] 63 [19;135]
Number of suppliersd 27 [6;65] 1 [1;7] 8 [1;70] 14 [2;75]
Average  age at introduction (days) 32 [27;44] 151 [100;266] 32 [19;98] NA
Average length of time in herd (days) 172 [97;210] 166 [112;276] 263 [220;374] 257 [94;483]
Number of herds using vaccines 3 0 17 5
Mortality day 0−180 (%)e 4.2 [0.00;10.0] 0.0 [0.0;10.3] 3.7 [0.2;11.8] 4.0 [0.0;19.0]

a Total number of introduced calves during 2014.
b Of the number of calves passing through the herd, the proportion of veal calves has been calculated as the number of calves slaughtered as veal (<366 days of age) divided

by  the number of cattle slaughtered (≥366 days of age) (which entered the herd as calves).
c Frequency of purchase is defined as the number of days during 2014, where the herd received calves.
d Seven full-line herds had more than one supplier.
e Information on mortality was not available for 52 herds, covering three starter, eight finisher, 16 full-line and 24 herds with inconsistent movements.

F ed for use in 325 Danish herds producing veal calves and young bulls in 2014. The total
a s are quantified as Animal Daily Doses for a calf (ADD200). Dark colors indicate parenteral
a ination drugs.
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ig. 2. Antimicrobials according to active substance and clinical indication register
mount of the seven most registered antimicrobial active substances. Antimicrobial
nd  light colors oral administration. Combination drugs all include Penicillin-comb

Antimicrobials registered for respiratory disorders primarily
ncluded macrolides (37%) and tetracyclines (34%), while simple
enicillins (50%) were most often registered for joints/limbs/CNS
isorders, and sulphonamides/trimethoprim (39%) and tetracy-
lines (33%) for gastrointestinal disorders.

Standardized at the herd-level, antimicrobial use, measured as
DD200/100 calves/day, distributed as follows (median [CI95%]) for
tarter herds (n = 22): 2.14 [0.19;7.58], for finisher herds (n = 24):
.48 [0.00;1.48], for full-line herds (n = 183): 0.78 [0.05;2.20] and
or herds with an inconsistent pattern of movements (n = 96):
.62 [0.00;2.24]. Starter herds used significantly more antimicro-
ials than all other herd types (p < 0.001), while no difference was
emonstrated in antimicrobial usage between any of the other pro-
uction types (Fig. 3).

.3. Risk factors for use of antimicrobials in large Danish full-line
erds producing veal calves and young bulls

Of the previously described 325 herds, 183 had a full-line pro-
uction and were included in the risk-factor analysis. Of these
erds, 6 (3%) had not purchased antimicrobials in 2014.

Several of the investigated risk factors were correlated, and
herefore not all factors could be included in the model. The number
f suppliers was positively correlated with the herd size (Spear-
an’s coeff = 0.67) and the number of inserted calves (Spearman’s
oeff = 0.69), like herd size was correlated with the number of
nserted calves (Spearman’s coeff = 0.98). We  kept the number of
nserted calves in the model, since we found this to be the most
alid parameter of the investigated parameters.
Fig. 3. Antimicrobials registered in relation to herd type in 325 Danish herds pro-
ducing veal calves and young bulls. Antimicrobials are quantified as Animal Daily
Doses (ADD200) per 100 calves per day.

In the univariable analyses, antimicrobial usage was  signifi-
cantly higher in herds with a short average length in the herd
(<291 days), large number of purchases per year (>61) or a large
number of introduced calves. Herds which introduced calves at
a low (12–28 days) or high (35–240 days) age had a significantly

lower use of antimicrobials than herds where calves were intro-
duced at a medium (39–34 days) age. Herds introducing young
calves kept the calves significantly longer time in the herd, com-
pared to herds which introduced calves older than 29 days of age
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Table  2
Univariable comparisons of risk factors for the amount of registered antimicrobials in 183 Danish herds producing veal calves and young bulls in 2014. Antimicrobials are
standardized at the herd level as Animal Daily Doses (ADD200) per 100 calves per day.

Potential categorical risk factors Number of herds (%) ADD200/100 calves/day median [CI95%] p-valuea

Average age at introduction (days) <0.001
12–28  62 (34) 0.73 [0.15;1.73]a

29–34 48 (26) 1.27 [0.32;2.30]
35–240 73 (40) 0.60 [0.00;2.09]a

Average length of time in herd (days) <0.001
131–255 56 (31) 1.10 [0.00;3.19]a

256–290 61 (33) 0.86 [0.21;2.14]a

291–641 66 (36) 0.47 [0.06;1.31]

Number of purchases (in 2014) 0.004
7–45  65 (36) 0.59 [0.00;2.01]a

46–60 52 (28) 0.60 [0.19;2.14]a

61–233 66 (36) 0.96 [0.18;2.49]

Purchase of calves from markets or delivering traders 0.980
−  174 (95) 0.78 [0.05;2.24]
+  9 (5) 0.83 [0.29;1.67]

Vaccination 0.927
−  166 (91) 0.77 [0.05;2.26]
+  17 (9) 0.83 [0.28;1.97]

Potential continuous risk factors Estimate SE

Log10 (Calves introduced) 1.52 0.13 <0.001

a For categorical variables, a t-test or ANOVA was performed on the Box-Cox transfor
letters  indicate non-significance in the antimicrobial usage between strata of the given va
on  a non-transformed outcome is presented.

Fig. 4. Prediction lines for the antimicrobial usage based on the number of intro-
duced calves in 183 Danish full-line herds producing veal and young bulls. Prediction
lines are estimated based on a linear regression analysis with the number of intro-
duced calves as only significant risk factor for antimicrobial usage in Danish veal
calf herds. The x-axis is on the log-scale.
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in young calves. Mycoplasmas are innate resistant to penicillin
(Taylor-Robinson and Bébéar, 1997), which may  explain the rel-
atively low use of penicillin (Fig. 2).
p = 0.037). No effect was demonstrated from purchase from mar-
ets/delivering traders or vaccination (Table 2). Only one vaccine
as used against respiratory disorders. This was a combination vac-

ine holding inactivated bovine respiratory syncytial virus (BRSV),
arainfluenza-3-virus (PI-3) and Mannheimia haemolytica serotype
1.

The initial regression analysis included average age at introduc-
ion, average length of time in the herd, frequency of purchase,
accination, breeding of own calves and number of calves intro-
uced. The final model had (ADD200/100 calves/day + 0.00275)0.424

s outcome and log10(number of introduced calves) as only signif-
cant risk factor (p < 0.001) with an intercept of −1.04 (SE = 0.16)
nd an estimate of 0.70 (SE = 0.06). The predicted antimicrobial
se (back-transformed) as a function of the number of introduced
alves is presented in Fig. 4.
med outcome ((ADD200/100 calves/day + 0.00275)0.424). Superscripts of lower case
riable. For the continuous variable, the result from the univariable linear regression

4. Discussion

Antimicrobials registered for the selected 325 large veal calf and
young bull producing herds, covered 51% of the total amount of
antimicrobials registered for calves in Denmark. The majority of
antimicrobials (78.9%) were registered for respiratory disease. This
is in line with previous studies showing bovine respiratory disease
to be the clinical indication of 56.1% (Pardon et al., 2012b) to 73%
(Lava et al., 2016b) of the antimicrobial treatments. Penicillin is the
recommended first drug of choice for respiratory diseases (SEGES
Dairy and Beef Research Centre et al., 2013), yet, in our study, this
accounted for only 9% of the antimicrobials registered for respi-
ratory disorders (Fig. 2). Incongruence between recommendations
and use may  be due to tradition, unawareness or a lack of clinical
effect.

The second largest amount of antimicrobials was registered for
joints/limbs/CNS disorders (17.1%). This VetStat category includes
a number of various disorders which clinically are not related, e.g.
omphalitis, arthritis, otitis media and interdigital phlegmon. Based
on VetStat registrations, it is not possible to specify which clin-
ical conditions registered drugs are supposed to target. Arthritis
is more prevalent in young calves, while interdigital phlegmon
typically is seen in older calves >240 days of age. Hence, a large
amount of antimicrobials may  be used for the latter, but only cover
a relatively small number of treatments due to the treatment of
heavier cattle (Ortman and Svensson, 2004). Pardon et al. (2013)
found otitis and arthritis to represent 1.5% and 1.6% of the ini-
tial causes of antimicrobial treatment, which can be explained by
a high prevalence of Mycoplasma bovis. M. bovis is highly preva-
lent among veal calves in Europe (Arcangioli et al., 2008; Radaelli
et al., 2008; Pardon et al., 2013) and North America (Soehnlen
et al., 2012). Recently, M.  bovis has also been found in Danish veal
calf herds (Nielsen, 2016) and may  be responsible for a propor-
tion of the treatments of joints/limbs/CNS and respiratory disorders
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Although injection of antimicrobials requires a higher work-
oad, more on-farm awareness and well-educated staff (Pardon
t al., 2012a) compared to peroral administration, the vast major-
ty of antimicrobials used in Danish veal calves and young bulls

ere administered parenterally (85.4%). Only 14.6% were adminis-
ered orally, in contrast to white veal calf production in Switzerland
84.6%) (Lava et al., 2016b) and Belgium (95.8%) (Pardon et al.,
012a). An explanation of this difference in administration routes
ay  be found in the feeding. Shortage on roughage for white veal

alves reduces ruminal development to a well-functioning fer-
entative process, enabling oral administration of antimicrobials.

he official Danish guidelines on antimicrobial treatment of cattle
erely recommend oral administration of antimicrobials for gas-

rointestinal disorders of calves, such as Escherichia coli infections
n preweaned calves. Caution against oral administration is based
n limited absorption, as well as side effects for the intestinal flora
SEGES Dairy and Beef Research Centre et al., 2013). Additionally,
ral administration of antimicrobials has been found associated
ith the development of antimicrobial resistance (Bos et al., 2012;
urow et al., 2014). Despite the allocation of oral antimicrobial
reatments for gastrointestinal disorders, the majority of oral treat-

ents were registered for respiratory disorders (Fig. 2).
Large variation was seen in antimicrobial usage between herd

ypes (Fig. 3). As the majority of treatments is targeted respiratory
isorders in the beginning of the fattening period (Pardon et al.,
012b), starter and full-line herds are expected to house the major-

ty of diseased calves. In full-line herds, treatment of disease in the
eginning of the production period is evened out by a longer time in
he herd, which may  explain the significantly lower use of antimi-
robials compared to starter herds. Compared to Danish pig herds,
anish veal calf and young bull producing herds seem to use less
ntimicrobials. As shown in Fig. 3, the median standardized usage of
ntimicrobials (ADD200/100 animals/day) was 2.14 in starter herds,
.48 in finisher herds, 0.78 in full-line herds and 0.62 in herds with

nconsistent movements. The median use of antimicrobials in Dan-
sh pig herds in 2012–2013 was around 8.0 for weaners, 0.8 for
nishers and 1.8 for sows (Fertner et al., 2015). This higher usage in
eaner pigs may  be explained three main factors, Firstly, the indi-

ation of treatment differed, with gastrointestinal disorders being
he primarily indication for treatment in pigs (Jensen et al., 2014),
hile respiratory disorders dominated in large veal calf and young

ull producing herds. Secondly, pigs are categorized into more age-
roups, which imply the standard weights for pigs being closer
o the actual weight at treatment (15 kg (weaners), 50 kg (finish-
rs) and 200 kg (sows/piglets)) compared to veal calves and young
ulls (200 kg), where the applied standard weight is higher than the
xpected weight at treatment. Thirdly, the higher turn-over of pigs,
here finishers are slaughtered at the average age of 5–6 months

Danish Agriculture and Food Council, 2014) may  explain a higher
sage.

One ADD200 may  represent the treatment of one 200 kg calf or
hree 67 kg calves in one day. This means that when we use ADD200
or all veal calf and young bull producing herds, the estimated num-
er of treatments in starter herds is likely to be underestimated,
ompared to the estimated number of treatments in finisher herds.

e assumed that all registered drugs for a given age group on a
iven herd were actually consumed by that group of animals at the
oint in time where the drugs were purchased. This is most likely
ot the case. However, due to the long study period (one year) we
xpect irregularities in purchase patterns to be evened out to reflect
n averagely actual usage.

The number of introduced calves and the number of suppliers

ere strongly correlated, which hindered the inclusion of both fac-

ors in the final risk factor analysis. Both factors are proxies for the
isk of introducing pathogens and may  impact the antimicrobial
sage. Woolums et al. (2013) found the detection of respiratory
ry Medicine 131 (2016) 41–47

disease in nursing beef calves to be positively associated with
herd size. In addition, Taylor et al. (2010) and Cusack et al. (2003)
reported commingling of cattle from various sources to increase the
risk of respiratory disease, like Lava et al. (2016a) reported the pur-
chase of veal calves to increase mortality, unwanted early slaughter
and the application of metaphylaxis. Taylor et al. (2010) further
reported purchase of calves from markets as a risk factor of respira-
tory disease. As demonstrated in our results, relatively few calves
were sold on markets or through delivering traders in Denmark,
which may  explain, why  we did not see an effect of these factors
on the amounts of antimicrobial used. Due to the setup of the study
as purely based on data from registers, it was not possible to study
the effect of influencing factors in the management such as housing
and shared air space.

Registration of purchased vaccines against BRSV, PI-3 and
Mannheimia haemolytica serotype A1 was  not found to influence
the amount of antimicrobials. Due to the limited amount of herds
using vaccines, we  chose to dichotomize the variable in the risk
factor analysis, as usage or not. A part of the insignificance may
be explained by the limitations in our data. We  only evaluated the
effect on vaccination in the veal calf and young bull producing herd
and not in the supplying dairy herd. Neither did we  evaluate the
administration procedure. An optimal vaccination program would
require the supplying dairy herd manager to administer the vaccine
2–3 weeks prior to delivery in order to ensure sufficient immunore-
sponse at the time of arrival in the veal calf herd (Cusack et al.,
2003). Another explanation of the insignificance may be found in
the variety of pathogens. In Denmark, the most prevalent pathogens
isolated from severe outbreaks of calf pneumonia in mono- or
multi-culture include BRSV, Pasteurella multocida,  Histophilus som-
nus, Mannheimia haemolytica, Trueperella pyogenes (Tegtmeier et al.,
1999), Bovine coronavirus (Liu et al., 2006) and recently M.  bovis
(Nielsen, 2016), while PI-3 seems to play a minor role (Tegtmeier
et al., 1999). Hence, a range of other pathogens may be involved
in respiratory disorders than those three included in the vaccine.
Cusack et al. (2003) did also not find any effect of vaccination
on the prevalence of respiratory disorders and attribute the non-
significance to the possibility of multiple pathogens being involved
in the infection, making it infeasible to vaccinate against all.

Studies on antimicrobial treatment incidences in white veal
calves in European countries have previously been carried out
(Pardon et al., 2012a; Lava et al., 2016b). Treatment incidences
in these two  studies were not comparable to our results due
to two  issues: The lack of standardized standard dosages and
the lack of standardized standard weights. Approved dosages of
products with identical active substance and administration route
have been found to differ almost four-fold between countries and
up to ten-fold within the same country (Postma et al., 2015).
Likewise, a consensus on approved standard weight is lacking. Pre-
vious publications have suggested or applied standard weights of
164 kg (Pardon et al., 2012a; Lava et al., 2016a,b), 140 kg (European
Medicines Agency, 2015) and 172 kg (MARAN, 2016). Considering
the large differences between white and rosé veal calves, it might
be worthwhile to differentiate standard weights as done in the
Netherlands (white (160 kg), rosé starter (77.5 kg) and rosé finisher
(232.5 kg)) (Bos et al., 2013).

In VetStat, calves are defined as all bovines that have not calved.
Hence, it is not possible to distinguish between heifers, young bulls
and veal calves. We  therefore excluded herds which seemed to pro-
duce heifers for dairy herds. Despite of the selection of large veal calf
producers only, we  still found quite some variation in production,
e.g. herds producing both veal and young cattle. This may  indicate

a more heterogeneous Danish veal calf production compared to
countries with a larger production of veal calves (Bos et al., 2012).
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. Conclusion

Based on register-data, we characterized the amount of used
ntimicrobials for large Danish herds producing veal calves
nd young bulls in 2014. Respiratory disorders followed by
oints/limbs/CNS disorders were the diagnostic groups for which

ost antimicrobials were registered. The majority of antimicrobials
ere administered parenterally (85.6%), mainly with long-acting

ormulations.
For full-line herds we found the number of introduced calves to

e positively associated with the amount of registered antimicro-
ials.

cknowledgments

The authors would like to thank Heidi Lund Jensen and Jørgen
ielsen from SEGES Dairy and Beef Research Centre for their help
ith data extraction and the calculation of calf mortality, and Erik

acobsen, Danish Veterinary and Food Administration for data clar-
fication. This project was funded by the Danish Cattle Levy Fund.

eferences

non, 2014. Order (DK) 178/2014 Regarding Threshold Values on Use of
Antibiotics in Cattle and Pig Herds [In Danish] of February 26, 2014. Ministry of
Food, Available: https://www.retsinformation.dk/Forms/R0710.
aspx?id=161940 (accessed 03.04.16).

non, 2016. Order (DK) 34/2016 Regulation on Health Counseling Agreements in
Cattle Herds [in Danish] of January 11, 2016. Ministry of Food, Available:
https://www.retsinformation.dk/Forms/R0710.aspx?id=176996 (accessed
03.04.16).

rcangioli, M.-A., Duet, A., Meyer, G., Dernburg, A., Bézille, P., Poumarat, F., Le
Grand, D., 2008. The role of Mycoplasma bovis in bovine respiratory disease
outbreaks in veal calf feedlots. Vet. J. 177, 89–93.

ondt, N., Jensen, V.F., Puister-Jansen, L.F., van, G.I., 2013. Comparing antimicrobial
exposure based on sales data. Prev. Vet Med. 108, 10–20.

os, M.E.H., Graveland, H., Portengen, L., Wagenaar, J.A., Heederik, D.J.J., 2012.
Livestock-associated MRSA prevalence in veal calf production is associated
with farm hygiene, use of antimicrobials, and age of the calves. Prev. Vet. Med.
105, 155–159.

os, M.E., Taverne, F.J., van Geijlswijk, I., Mouton, J.W., Mevius, D.J., Heederik, D.J.,
2013. Consumption of antimicrobials in pigs, veal calves, and broilers in the
Netherlands: quantitative results of nationwide collection of data in 2011.
PLoS One 8 (10).

urow, E., Simoneit, C., Tenhagen, B.A., Kasbohrer, A., 2014. Oral antimicrobials
increase antimicrobial resistance in porcine E. coli—a systematic review. Prev.
Vet. Med. 113, 364–375.

atry, B., Dewulf, J., Goffin, T., Decostere, A., Haesebrouck, F., de Kruif, A., 2007.
Antimicrobial resistance patterns of Escherichia coli through the digestive tract
of  veal calves. Microb. Drug Resist. 13 (2), 147–150.

usack, P.M., McMeniman, N., Lean, I.J., 2003. The medicine and epidemiology of
bovine respiratory disease in feedlots. Aust. Vet. J. 81, 480–487.

anish Agriculture and Food Council, 2014. Pig Production in Denmark [in Danish],
Available: http://www.lf.dk/viden-om/landbrugsproduktion/husdyr/svin. Last
updated March, 2014 (accessed 07.01.16).

anish Agriculture & Food Council, 2015. Statistics 2014. Beef. July 2015, Available:
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/
2014 (accessed 05.25.16).

anish Agriculture and Food Council, 2016. Beef and Veal [in Danish], Available:
http://www.goderaavarer.dk/raavarer/oksekoed (accessed 07.01.16).

U  Regulation EC, 700/2007. Council Regulation (EC) No 700/2007 of 11 June 2007
on  the Marketing of the Meat of Bovine Animals Aged 12 Months or Less,
Available: http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/
?uri=CELEX:32007R0700&qid=1467373084737&from=EN (accessed 07.01.16).

uropean Medicines Agency, 2015. Sales of veterinary antimicrobial agents in 26
EU/EEA countries in 2013. Fifth ESVAC report. pp. 1–162.

ertner, M.,  Sanchez, J., Boklund, A., Stryhn, H., Dupont, N., Toft, N., 2015. Persistent
spatial clusters of prescribed antimicrobials among danish pig farms—a
register-based study. PLoS One 10 (8).

ensen, V.F., Jacobsen, E., Bager, F., 2004. Veterinary antimicrobial-usage statistics

based on standardized measures of dosage. Prev. Vet. Med. 64, 201–215.

ensen, V.F., de Knegt, L.V., Andersen, V.D., Wingstrand, A., 2014. Temporal
relationship between decrease in antimicrobial prescription for Danish pigs
and the Yellow Card legal intervention directed at reduction of antimicrobial
use. Prev. Vet. Med. 117, 554–564.
ry Medicine 131 (2016) 41–47 47

Lava, M., Pardon, B., Schüpbach-Regula, G., Keckeis, K., Deprez, P., Steiner, A.,
Meylan, M., 2016a. Effect of calf purchase and other herd-level risk factors on
mortality unwanted early slaughter, and use of antimicrobial group treatments
in  Swiss veal calf operations. Prev. Vet. Med. 126, 81–88.

Lava, M., Schüpbach-Regula, G., Steiner, A., Meylan, M.,  2016b. 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.

Lenth, R.V., Herv, M.,  2015. R package: Least-Squares Means.
Liu, L., Hägglund, S., Hakhverdyan, M.,  Alenius, S., Larsen, L.E., Belák, S., 2006.

Molecular epidemiology of Bovine Coronavirus on the basis of comparative
analyses of the S gene. J. Clin. Microbiol. 44, 957–960.

MARAN, 2016. Materials & Methods, Available: http://www.wageningenur.nl/en/
Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/
Materials-methods/Analysis-of-trends-in-use-per-species.htm (accessed
07.02.16).

Madsen, E.B., 1984. Diseases in the Veal Calf Production [in Danish]. PhD Thesis.
Institute for internal medicine, Royal Veterinary and Agricultural University of
Denmark, Copenhagen.

Mars, M.H., Bruschke, C.J.M., van Oirschot, J.T., 1999. Airborne transmission of
BHV1, BRSV and BVDV among cattle is possible under experimental
conditions. Vet. Microb. 66, 197–207.

Nielsen, T.D., Nielsen, L.R., Toft, N., Houe, H., 2010. Association between bulk-tank
milk Salmonella antibody level and high calf mortality in Danish dairy herds. J.
Dairy Sci. 93, 304–310.

Nielsen, A., 2016. Characteristics of Respiratory Disease and Diagnostic Challenges
in Four Danish Veal Calf Herds with Focus on Mycoplasma Bovis [in Danish].
Master Thesis in Veterinary Medicine. Department of Large Animal Sciences,
Copenhagen University, pp. 1–72.

Niskanen, R., Lindberg, A., 2003. Transmission of bovine viral diarrhoea virus by
unhygienic vaccination procedures, ambient air, and from contaminated pens.
Vet. J. 165, 125–130.

Ortman, K., Svensson, C., 2004. Use of antimicrobial drugs in Swedish dairy calves
and  replacement heifers. Vet. Rec. 154, 136–140.

Pardon, B., Catry, B., Dewulf, J., Persoons, D., Hostens, M., De, B.K., Deprez, P., 2012a.
Prospective study on quantitative and qualitative antimicrobial and
anti-inflammatory drug use in white veal calves. J. Antimicrob. Chemother. 67,
1027–1038.

Pardon, B., De, B.K., Hostens, M., Callens, J., Dewulf, J., Deprez, P., 2012b.
Longitudinal study on morbidity and mortality in white veal calves in Belgium.
BMC. Vet. Res. 8, 26.

Pardon, B., Hostens, M.,  Duchateau, L., Dewulf, J., De Bleecker, K., Deprez, P., 2013.
Impact of respiratory disease, diarrhea, otitis and arthritis on mortality and
carcass traits in white veal calves. BMC. Vet. Res. 9, 79.

Postma, M.,  Sjölund, M.,  Collineau, L., Lösken, S., Stärk, K.D.C., Dewulf, J., 2015.
Assigning defined daily doses animal: a European multi-country experience for
antimicrobial products authorized for usage in pigs. J. Antimicrob. Chemother.
70,  294–302.

R Core Team, 2014. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.

Radaelli, E., Luini, M.,  Loria, G.R., Nicholas, R.A.J., Scanziani, E., 2008. Bacteriological,
serological, pathological and immunohistochemical studies of Mycoplasma
bovis respiratory infection in veal calves and adult cattle at slaughter. Res. Vet.
Sci. 85, 282–290.

SAS Institute Inc., 2014. Statistical Analysis System software, 2014. Version 9.4.
SEGES Dairy and Beef Research Centre, The Danish Veterinary Association,

University of Copenhagen, Aarhus University, 2013. Instructions for Use of
Antimicrobials for Cattle in Denmark [in Danish], Available: http://herd.ku.dk/
documents/Brug af Antibiotika i Kvaeg final 2013 09 05.pdf (accessed
07.02.16).

SEGES Dairy and Beef Research Centre, 2016. Current Statistics on Veal in Denmark
[in  Danish], Available: https://www.landbrugsinfo.dk/Kvaeg/Tal-om-kvaeg/
Sider/Slagtekalvestatistikken.aspx (accessed 04.19.16).

Soehnlen, M.K., Aydin, A., Murthy, K.S., Lengerich, E.J., Hattel, A.L., Houser, B.A.,
Fenton, G.D., Lysczek, H.R., Burns, C.M., Townsend, A.M., Brooks, J.W.,
Wolfgang, D.R., Jayarao, B.M., 2012. Epidemiology of Mycoplasma bovis in
Pennsylvanian veal calves. J. Dairy Sci. 95, 247–254.

Stege, H., Bager, F., Jacobsen, E., Thougaard, A., 2003. VETSTAT—the Danish system
for surveillance of the veterinary use of drugs for production animals. Prev.
Vet. Med. 57, 105–115.

Taylor, J.D., Fulton, R.W., Lehenbauer, T.W., Step, D.L., Confer, A.W., 2010. The
epidemiology of bovine respiratory disease: what is the evidence for
predisposing factors? Can. Vet. J. 51, 1095–1102.

Taylor-Robinson, D., Bébéar, C., 1997. Antibiotic susceptibilities of mycoplasmas
and treatment of mycoplasmal infections. J. Antimicrob. Chemother. 40,
622–630.

Tegtmeier, C., Uttenthal, A., Friis, N.F., Jensen, N.E., Jensen, H.E., 1999. Pathological
and microbiological studies on pneumonic lungs from Danish calves. Zentralbl.

Veterinarmed. B 46, 693–700.

Woolums, A.R., Berghaus, R.D., Smith, D.R., White, B.J., Engelken, T.J., Irsik, M.B.,
Matlick, D.K., Jones, A.L., Ellis, R.W., Smith, I.J., Mason, G.L., Waggoner, E.R.,
2013. Producer survey of herd-level risk factors for nursing beef calf
respiratory disease. J. Am.  Vet. Med. Assoc. 243, 538–547.

http://https://www.retsinformation.dk/Forms/R0710.aspx?id=161940
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=161940
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=161940
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=161940
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=161940
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=161940
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=161940
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=176996
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=176996
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=176996
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=176996
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=176996
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=176996
http://https://www.retsinformation.dk/Forms/R0710.aspx?id=176996
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0015
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0020
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0025
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0030
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0035
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0040
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0045
http://www.lf.dk/viden-om/landbrugsproduktion/husdyr/svin
http://www.lf.dk/viden-om/landbrugsproduktion/husdyr/svin
http://www.lf.dk/viden-om/landbrugsproduktion/husdyr/svin
http://www.lf.dk/viden-om/landbrugsproduktion/husdyr/svin
http://www.lf.dk/viden-om/landbrugsproduktion/husdyr/svin
http://www.lf.dk/viden-om/landbrugsproduktion/husdyr/svin
http://www.lf.dk/viden-om/landbrugsproduktion/husdyr/svin
http://www.lf.dk/viden-om/landbrugsproduktion/husdyr/svin
http://www.lf.dk/viden-om/landbrugsproduktion/husdyr/svin
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.lf.dk/tal-og-analyser/aarstatistikker/statistik-okse-og-kalvekoed/2014
http://www.goderaavarer.dk/raavarer/oksekoed
http://www.goderaavarer.dk/raavarer/oksekoed
http://www.goderaavarer.dk/raavarer/oksekoed
http://www.goderaavarer.dk/raavarer/oksekoed
http://www.goderaavarer.dk/raavarer/oksekoed
http://www.goderaavarer.dk/raavarer/oksekoed
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007R0700&qid=1467373084737&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007R0700&qid=1467373084737&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007R0700&qid=1467373084737&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007R0700&qid=1467373084737&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007R0700&qid=1467373084737&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007R0700&qid=1467373084737&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007R0700&qid=1467373084737&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007R0700&qid=1467373084737&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007R0700&qid=1467373084737&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007R0700&qid=1467373084737&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007R0700&qid=1467373084737&from=EN
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0075
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0080
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0085
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0090
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0095
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0105
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://www.wageningenur.nl/en/Research-Results/Projects-and-programmes/MARAN-Antibiotic-usage/Materials-methods/Analysis-of-trends-in-use-per-species.htm
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0115
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0120
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0125
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0130
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0135
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0140
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0145
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0150
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0155
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0160
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0165
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0170
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://herd.ku.dk/documents/Brug_af_Antibiotika_i_Kvaeg_final_2013_09_05.pdf
http://https://www.landbrugsinfo.dk/Kvaeg/Tal-om-kvaeg/Sider/Slagtekalvestatistikken.aspx
http://https://www.landbrugsinfo.dk/Kvaeg/Tal-om-kvaeg/Sider/Slagtekalvestatistikken.aspx
http://https://www.landbrugsinfo.dk/Kvaeg/Tal-om-kvaeg/Sider/Slagtekalvestatistikken.aspx
http://https://www.landbrugsinfo.dk/Kvaeg/Tal-om-kvaeg/Sider/Slagtekalvestatistikken.aspx
http://https://www.landbrugsinfo.dk/Kvaeg/Tal-om-kvaeg/Sider/Slagtekalvestatistikken.aspx
http://https://www.landbrugsinfo.dk/Kvaeg/Tal-om-kvaeg/Sider/Slagtekalvestatistikken.aspx
http://https://www.landbrugsinfo.dk/Kvaeg/Tal-om-kvaeg/Sider/Slagtekalvestatistikken.aspx
http://https://www.landbrugsinfo.dk/Kvaeg/Tal-om-kvaeg/Sider/Slagtekalvestatistikken.aspx
http://https://www.landbrugsinfo.dk/Kvaeg/Tal-om-kvaeg/Sider/Slagtekalvestatistikken.aspx
http://https://www.landbrugsinfo.dk/Kvaeg/Tal-om-kvaeg/Sider/Slagtekalvestatistikken.aspx
http://https://www.landbrugsinfo.dk/Kvaeg/Tal-om-kvaeg/Sider/Slagtekalvestatistikken.aspx
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0190
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0195
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0200
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0205
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0210
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215
http://refhub.elsevier.com/S0167-5877(16)30192-1/sbref0215

