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ABSTRACT

Concern about the use of antimicrobials in food producing animals is increasing. The study objective
was to quantify antimicrobial drug usage in calves using antimicrobial treatment records from lIrish
suckler beef and dairy farms. Antimicrobial treatment records for calves born between 1 July 2014
and 30 June 2015 on 79 suckler beef and 44 dairy farms were analyzed. Calves were followed from
birth (day 0) until 6 months of age. According to standard farm protocol, calves exhibiting clinical
signs of any disease were identified and antimicrobial treatment was administered. Farmers
recorded the following information for each treatment administered: calf identification, age at
treatment, disease event, drug name, number of treatment days, and amount of drug administered.
In total, 3,204 suckler beef calves and 5,358 dairy calves, representing 540,953 and 579,997 calf-
days at risk, respectively, were included in the study. A total of 1,770 antimicrobial treatments were
administered to suckler beef (n=841) and dairy calves (n=929) between birth and 6 months of
age. There was large variation in Tlpppyet and Tlpcpyer by farm. This study provides new insights
into the time periods and indications for which specific antimicrobial substances are used in Irish
dairy and beef suckler calves.

Abbreviations: AIM: Animal Identification and Movement; BRD: bovine respiratory disease; DCDvet
Defined Course Dose for animals; DDDvet: Defined Daily Dose for animals; EFSA: European Food
Safety Authority; EMA: European Medicines Agency; ESVAC: European Surveillance of Veterinary
Antimicrobial Consumption; EC: European Commission; OIE: World Organisation for Animal Health;
SPC: Summary of product characteristics; TI: treatment incidence; UDDvet: used daily dose; WHO:
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1. Introduction

Antimicrobial resistance, the ability of (pathogenic) bacteria to
withstand the action of antimicrobials, is a growing global
public and animal health concern. An increasing number of
studies have shown that antimicrobial usage in humans (Char-
bonneau et al. 2006; Costelloe et al. 2010; Sun et al. 2012) and
animals (Burow et al. 2013; Hammerum et al. 2014; Simoneit
et al. 2015) is a key driver for the development of antimicrobial
resistance, although an environmental role in the antimicrobial
resistance development has been proposed as a new driver
(Chamosa et al. 2017).

In 2009, the European Surveillance of Veterinary Antimi-
crobial Consumption (EMA ESVAC 2015, 2016) project was
launched, following a request form the European Commis-
sion (EC). The EC (DG ENTR and DG SANCO) requested the
European Medicines Agency (EMA), among other activities,
to develop a harmonized approach for the collection and
reporting of data based on national sales figures, combined
with estimations of usage in at least major groups of
species (poultry, pigs, veal calves, other ruminants, pets
and fish). Estimates of antimicrobial usage, based on sales

data, vary across Europe, in terms of the total amounts
sold (per kilogram of animal biomass) and in the different
antimicrobial classes used and their routes of adminis-
tration (EMA ESVAC 2015; Carmo, Schiipbach, et al.
2017; Carmo, Nielsen, et al. 2017, 2018; Carmo, Bouzalas,
et al. 2018). Lists of critically important antimicrobials are
available and used widely for the treatment and prevention
of infectious diseases in humans (WHO 2011, 2012, 2016)
and animals (OIE 2015). In 2017, guidelines were published
on technical units and appropriate indicators for quantifi-
cation of antimicrobial usage (Collineau et al. 2017). The
defined daily dose for animals (DDDvet) is the assumed
average dose per kg animal per species per day. The
defined course dose for animals (DCDvet) was defined as
the assumed average dose per kg animal per species per
treatment course. Priority has been given to assignment
of DDDvet and DCDvet for broilers, cattle and pigs.
DDDvet and DCDvet are technical units of measurement
solely intended for the reporting of antimicrobial consump-
tion data.
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Farm-level antimicrobial usage data are now collected in
several European countries, including, Denmark (Wielinga
et al. 2014; DANMAP 2013), the Netherlands (Bos et al. 2013;
Speksnijder et al. 2015; Autoriteit Diergeneesmiddelen 2016)
and France (Jarrige et al. 2017). In Switzerland, the use of an
antibiotic usage database will become mandatory for treat-
ments of groups of animals from January 2019. From
October 2019, the database will become mandatory for the
recording of all antimicrobial treatments (Personal communi-
cation Gertraud Schiipbach-Regula). In Europe, various moni-
toring programmes have outlined antimicrobial consumption
for animals through annual antimicrobial sales data
(DANMAP 2013; ANMV 2014; Veldman et al. 2017). These pro-
grammes are structured to observe trends at the national level
and for comparison of data between years and countries
(Grave et al. 2010; ECDC/EFSA/EMA 2015; EMA 2015). In
Ireland, calves for beef production come from two sources,
the beef suckler herd and the dairy herd, which comprise ca.
09 and 1.4 million cows, respectively. These herds are
mainly spring-calving, to coincide with the seasonal grass
growth profile, and thus, ruminant production systems in
Ireland are predominantly grass-based. In suckler beef pro-
duction systems, spring-born calves have continuous access
to their dams at pasture until the end of the (first) grazing
season in autumn, when they are weaned and housed
indoors (Drennan and McGee 2009). Gradual weaning of the
beef calf in autumn typically combines a number of physical
and psychological stressors (e.g. Lynch et al. 2010; O’Loughlin
et al. 2012). In dairy beef production systems calves are artifi-
cially-reared, usually indoors, on milk replacer and concen-
trates (plus forage) and, after gradual weaning, are turned
out to pasture for their (first) grazing season (Keane
and Moloney 2010; Keane et al. 2011). The period between
birth and 180 days of age represents a time of high risk for
suckler beef and artificially reared dairy calves; national
survey results indicate that 4.0% and 5.7% of live-born beef
and dairy calves die during this period (AIM 2016).

The main objective of the present study was to
quantify antimicrobial drug usage in calves using antimicro-
bial treatment records from Irish suckler beef and dairy
farms. A secondary objective was to compare usage in
dairy and beef suckler calves, and examine the variation in
antimicrobial consumption over time from birth to 6
months of age.

2. Materials and methods
2.1. Farmer recruitment and participation

Data were obtained from a longitudinal study on herd-level
factors associated with the health and survival of calves on
Irish farms (hereafter referred to as the herd-level study).
The herd-level study was conducted between 1 July 2014
and 31 December 2015 Farmers, enrolled in the herd-level
study, recorded birth, disease and antimicrobial treatment,
and death information on their calves using standardized
recording sheets. Case definitions (Table 1) were provided
to the farmers to assist with the classification of disease.
Farmers were responsible for detecting, diagnosing, and

JOURNAL OF APPLIED ANIMAL RESEARCH 475

Table 1. Case definitions® provided to the farmers to assist with classification of
disease events.

Disease Definition

Diarrhoea Repeated passing of loose (soup-like) or watery faeces,
of normal or abnormal colour, with or without blood
content

One or a combination of the following clinical signs:
increased respiratory effort (including increased
respiratory rate, laboured breathing, or open mouth
breathing), nasal discharge / snotty nose (a
considerable amount of cloudy or pus-like discharge),
or repeated coughing

Warm enlargement of, with or without foul smelling
discharge from umbilical structures

One or more swollen joints, resulting in lameness, with

Bovine respiratory
disease (BRD)

Navel infection

Joint infection /

lameness or without fever
Bloat Swollen abdomen and exhibited signs of discomfort and
/ or respiratory distress
Dull Signs of depression, with or without decreased appetite
or fever
Fever Temperature of greater than 39.5°C / 103°F

Grass tetany Combination of the following clinical signs: staggering
gait, twitching muscles, collapse, trashing, head
thrown back, with or without severe paddling
convulsions, and diagnosis preferentially confirmed by
veterinarian

Combination of the following clinical signs: lack of
suckle reflex, head pressing, extended head and neck,
star gazing, blindness, over-reactive to stimuli, and / or
seizures, and diagnosis preferentially confirmed by
veterinarian

Combination of the following clinical signs: unthriftiness,

Meningitis

Mineral / vitamin

deficiency weight loss, awkward gait, change in hair coat colour,
etc., and diagnosis preferentially confirmed by a blood
test and / or veterinarian
Injury Physical damage or hurt due to a slip, fall, bump, etc.

®Adapted from Windeyer et al. (2014).

administering treatment to any calf exhibiting clinical signs
of disease, and encouraged to consult with their veterinarian
when making antimicrobial treatment decisions. Farmers
enrolled in the herd-level study completed and submitted
the project recording sheets on a monthly basis. Health
data were available for calves on 79 suckler beef and 44
dairy farms from the herd-level study. The number of
calves involved in the study, days at risk and standard
weights are presented in Table 2.

Crude and cause-specific morbidity were determined
using the health data collected from the project recording
sheets. All antimicrobial treatment data were reviewed and
the following criteria applied to differentiate between
disease events: long-acting antibiotics administered more
than 7 days apart, or other medications administered more
than 3 days apart were classified as separate disease events
(Windeyer et al. 2014). Crude morbidity was defined as
calves being treated for at least one disease event, attributed
to any cause, excluding injury. Calves treated for illnesses
other than diarrhoea, BRD, navel infection, or joint infec-
tion/lameness were categorized as receiving treatment for
other disease events.

Cumulative incidence and incidence rate of crude and
cause-specific morbidity were calculated for the following
treatment at risk periods: birth (day 0) to 30 days of age,
31-90 days of age, 91-180 days of age, and birth (day 0)
to 180 days of age. Both cumulative incidence and incidence
rate were calculated as measures of disease frequency
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Table 2. Number of farms, calves, days at risk and standard calf body weights during the study.

Beef Dairy

Number of farms 79 44

Days of age Mean SD Mean SD

0-30 days Number of calves 3107 393 242 5332 121.2 61.8
days at risk (d) 91,596 1159.4 7126 144,866 32924 1686.3
Body weight (kg)* 60 50
mg/PCU 8.03 9.74

31-90 days Number of calves 3024 383 233 3723 84.6 47.8
Days at risk 179,172 2268.0 1380.0 184,885 4201.9 2653.7
Body weight (kg)* 105 82
mg/PCU 2.70 3.72

91-180 days Number of calves 3036 384 237 2891 65.7 424
Days at risk 270,185 3420.1 2093.0 250,246 5687.4 3564.7
Body weight (kg)* 180 139
mg/PCU 1.43 0.95

0-180 days Number of calves 3204 40.6 253 5358 121.8 61.7
Days at risk 540,953 6847.5 4168.5 579,997 13,181.8 7653.6
Body weight (kg)* 135 108
mg/PCU 7.25 711

The data are expressed as mean with SD values. *Standard body weight.

throughout the study period. Cumulative incidence was cal-
culated as the number of calves treated for disease within
each age category, relative to the number of calves at risk
of disease (Dohoo et al. 2009). Incidence rate was calculated
as the number of disease events (all occurrences, not just the
first event) treated within each age category, relative to the
total animal-time at risk (Dohoo et al. 2009). Animal-time at
risk was calculated for each individual calf as the number
of days from birth until it was either sold off the home
farm, died, or the observation period ended. Birth, move-
ment, and death dates for the animal-time at risk calcu-
lations were retrieved from the project recording sheets, as
well as the Animal Identification and Movement (AIM 2015;
Department of Agriculture, Food and the Marine, Co.
Dublin, Ireland) and Irish Cattle Breeding Federation
(Bandon, Co. Cork, Ireland) databases. Total animal-time at
risk for all calves included within each age category was
determined.

2.4. Antimicrobial usage

A list of all antimicrobials prescribed by veterinarians and admi-
nistered by the farmer was drawn up in one Excel file in order to
facilitate further consultation and calculations. The antibiotics

were categorized according to ESVAC recommendations,
tetracyclines, amphenicols, penicilins, 1st and 2nd generation
cephalosporins, 3rd and 4rd generation cephalosporins,
sulfonamides, trimethoprim, macrolides, lincosamides, fluoro-
quinolones, other quinolones, aminoglycosides, polymyxins,
pleuromutilins and others.

The reporting recommendations of Collineau et al. (2017)
were followed in the current study and the indicator selected
to report the drug consumption was the Treatment Incidence
(Tl). The used daily dose (UDDvet) was calculated as the
amount of an antimicrobial drug administered during a given
period (days) divided by the number of calves at risk and
their average live weight at the beginning of the treatment.
Defined daily dose for animals (DDDvet) and defined course
dose for animals (DCDvet) were the technical units used to
measure antimicrobial consumption. The treatment incidence
was defined as the number of animals per 1000 receiving a
UDDvet, a DDDvet or a UCDvet, also expressed as the percen-
tage of animal life expectancy treated with one UDDvet, one
DDDvet or one UDDvet (Timmerman et al. 2006; Collineau
et al. 2017).

The DDDvet represents the assumed average dose per kg
animal per species per day. DCDvet represents the assumed
average dose per kg animal per species per treatment course.

Table 3. UDDy,, by antibiotic group, period and farm type. Health treatment records for calves born between 1 July 2014 and 30 June 2015 on 79 suckler beef and 44

dairy farms were analyzed.

0-30 days 31-90 days 91-180 days 0-180 days
Beef Dairy Beef Dairy beef dairy Beef Dairy
Tetracyclines 22(0 33.3) 0.9(0-15) 1.0(0-14) 1.3(0-24) 1.2(0-30) 0.4(0-14) 17(0 16) 0.8(0-9.3)
Amphenicols 2.7(0-40) 3.6(0-40.2) 2.6(0-42.9) 1.6(0-37) 1.1(0-16) 2.1(0-32) 2.8(0-33) 2.8(0-42)
Penicillins 4.2(0-25) 6.9 (0-67.5) 2.7(0-71) 1.4(0-18) 1.5(0-42) 0.4(0-6.5) 2.8(0-28) 2.8(0-14)
1st & 2nd Generation cephalosporins 0(0-0) 0(0-0) 0(0-0) 0.4(0-18) 0(0-0) 0(0-0) 0(0-0) 0.001(0-0.01)
3rd & 4th Generation cephalosporins 0(0-0) 0(0-0) 0.02(0-1.43) 0(0-0) 0.1(0-4.4) 0.01(0-0.4) 0.1(0-5.9) 0.01(0-0.54)
Sulfonamides 104(0 250) 3.2(0-53) 9.2(0-158) 2.6(0-82) 2.9(0-100) 12.1(0-359) 121(0 133) 18.4(0-462)
Macrolides .1(0-30) 2.4(0-30) 0.4(0-9.5) 0.35(0-12) 0.2(0-10.8) 0.6(0-21) 0.8(0-14) 1.7(0-27.8)
Lincosamines 006(0 5) 0(0-0) 0.06(0-4.7) 0(0-0) 0(0-0) 0(0-0) 0.1(0-3) 0.0 (0-0)
Fluoroquinolones 3.8(0-266) 0.6 (0-5) 0.5(0-7.6) 0.7(0-8.5) 0.2(0-8.3) 0.13(0-5.8) 2.1(0-118) 0.5(0-7.3)
Aminoglycosides .6(0-44.5) 1.9(0-20) 0.8(0-19) 0.5(0-5.5) 0.04(0-2.8) 0.13(0-5.8) .0(0-18) 1.0(0-9.3)
Others 06(0 41.7) 0.7(0-30) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0.3(0-19) 0.3(0-13.9)

The data are expressed as mean with range in brackets.
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Figure 1. UDDy,, by antibiotic group, period and farm type. Antimicrobial treatment records for calves born between 1 July 2014 and 30 June 2015 on 79 suckler beef and
44 dairy farms were analyzed.

The Treatment Incidence (TI) provides a standardized techni-  antimicrobial treatment. Or, if one animal would live for a theor-
cal unit of measurement that quantifies how many animals out  etical period of 1000 days, how many of these days it would
of a theoretical group of 1000 animals receive daily an have been treated with an antimicrobial. The calculations
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applied were:

Total active substance administered

Tl = 1000
UPbvet = DDvet x standard BW x total calf-days x
. _ Total active substance administered < 1000
PPDvet = BDDvet x standard BW x total calf days
Total active substance administered
Tlocpvet = x 1000

DCDvet x standard BW x total calf-days

The total amount of active substance administered was
determined from the antimicrobial records. DDDvet and
DCDvet for cattle, as assigned by the European Medicines
Agency, were used in the calculations. Body weights (BW)
were calculated for each treatment period for suckler beef
and dairy calves, respectively. Total number of calf-days at risk
was determined using movement data from the Animal Identifi-
cation and Movement central database. Antimicrobials were
grouped by class according to ESVAC recommendations.

2.5. Data handling and statistical analyses

All data were analyzed using SAS 9.4 (SAS Institute Inc., Cary,
North Carolina, USA). Data were evaluated by descriptive stat-
istics. Normality of data was assessed using the Shapiro-Wilks
normality test. Generalized linear mixed models were con-
structed to evaluate associations between calf type (suckler
beef versus dairy) and morbidity within each age category.
Initially, each morbidity response was treated as a dichotomous
outcome variable (disease occurred or did not) and these data
were modelled with a binomial distribution, a logit link function,
and a random effect to account for within-farm correlation
(GLIMMIX Procedure, SAS 9.4, SAS Institute Inc., Cary, North Car-
olina, USA). Subsequently, each morbidity response was treated
as a count outcome variable (number of disease events) and
these data were modelled with a Poisson distribution, a log
link function, offset as the natural logarithm of animal-time at
risk, and a random effect to account for within-farm correlation
(GLIMMIX Procedure, SAS 9.4, SAS Institute Inc., Cary, North Car-
olina, USA). The logistic regression was used to estimate the
odds ratio (OR) and the poisson regression was used to estimate
the incidence rate ratio (IRR).

Calf type was included as a dichotomous explanatory variable
in each of the morbidity models. UDDvet, Tlyppver, Tlbpover and

Tlpcpver displayed a non-normal distribution. A Mann-Whitney
test was performed in order to detect differences between
beef and dairy farms. The UDDvet, TlUDDVET: TlDDDVET and TlDCDVET
are presented as mean with minimum and maximum values.

3. Results
3.1. Antimicrobial usage

A total of 1,770 antimicrobial treatments were administered to
suckler beef (n=2841) and dairy calves (n=929) between birth
and 180 days of age. The most frequent indication (%) for antimi-
crobial group treatment, and number of drugs used, were calf
diarrhoea (53.8%; 23 drugs), respiratory disease (31.0%; 19
drugs), navel ill (6.1%; 10), joint ill (2.4%; 9 drugs) and injuries
(0.98%; 6 drugs). The number of calves included from birth to
180 days of age was 3,204 and 5,358 in beef and dairy farms
respectively, resulting in 540,953 and 579,997 days at risk, respect-
ively. No statistical differences (P > 0.05) were observed between
beef and dairy farms for UDDvet, Tlyppver Tlopover and Tlpcpvet-
The population corrected unit (PCU) was calculated as number
of animals by standard body weight in each period and in
addition mg/PCU was calculated as a sum of all antibiotics used
expressed in mg divided by the corresponding PCU. The
number of calves, days at risk, body weights and mg/PCU for
the three studied periods (birth to 30 days of age; 31-90 days
of age, 91-180 days of age and overall from birth to 180 days
of age) are summarized in Table 2.

3.2. UDD,.;

A relatively large variation between farms was observed regard-
ing antimicrobial use. From birth (day 0) to 180 days, the sulfo-
namide class of antimicrobials had the greatest UDD,; with
beef and dairy farms having values of 12.1 (0-133), 18.4 (0-
462), respectively (Table 3; Figure 1). First and second gener-
ation cephalosporins and lincosamines were not used in any
of the farms.

From birth to 30 days of age, sulfonamides (10.4; 0-250) and
penicillins (6.9; 0-67.5) had the greatest UDD,; in beef and
dairy farms, respectively. Cephalosporins were not used in any
of the farms while lincosamines were not used in any of the
dairy farms (Table 3; Figure 1).

Table 4. Tlypp ve by antibiotic group, period and farm type. Health treatment records for calves born between 1 July 2014 and 30 June 2015 on 79 suckler beef and 44

dairy farms were analyzed.

0-30 days 31-90 days 91-180 days 0-180 days
Beef Dairy Beef Dairy Beef Dairy Beef Dairy
Tetracyclines 1.1(0-26.6) 423(0-1640)  1.92(0-72) 23.0(0-709) 68(0 526)  0.01(0-0.34) 4.5(0-252)  29.0(0-740)
Amphenicols 4.0(0-205) 14.3(0-553) 1.4(0-29.0)  12.8(0-547) 3.5(0-263) 0.12(0-3.6) 3.8(0-126) 19.1(0-801)
Penicillins 40.0(0-640) 23.0(0-325) 2.7(0-168) 3.6(0-95) 026(0 11) 1.3(0-35) 10.2(0-254) 9.4(0-137)
1st & 2nd Generation cephalosporins 0(0-0) 0(0-0) 0(0-0) 0.03(0-1.5) 0(0-0) 0(0-0) 0(0-0) 15.3(0-673)
3rd & 4th Generation cephalosporins 0(0-0) 0(0-0) 0.04(0-3.5) 0(0-0) 0.02(0-1.31) 0.5(0-22) 002(0 1.14) 0.2(0-9.2)
Sulfonamides 4.9(0-67) 77.0(0-1490) 0.8(0-15.6)  3.30(0-91) 0.23(0-12.3)  0.09(0-1.3) .8(0-24) 23.4(0-514)
Macrolides 2.3(0-158) 0.58(0-15.9) 0.1(0-4.5) 1.0(0-44) 0.01(0-0.45)  0.03(0-0.71) 0.5(0-28) 0.89(0-37)
Lincosamines 0.1(0-5.5) 0(0-0) 0.01(0-0.62) 0(0-0) 0(0-0) 0(0-0) 001(0 .9) 0(0-0)
Fluoroquinolones 40.0(0-1014) 70.0(0-1640) 2.6(0-118) 3.6(0-137) 3.4(0-263)  0.01(0-0.16) 13 1(0- 07) 26.5(0-740)
Aminoglycosides 6.0(0-219) 39.30(0-1640)  0.28(0-10) 4.02(0-137) 0.2(0-12.3)  0.03(0-1.12) 4(0-38) 17.8(0-740)
Others 0.1(0-4.5) 0.07(0-2.93) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 001(0 0.81)  0.01(0-0.50)

The data are expressed as mean with range in brackets.



From 31 to 90 days of age, sulfonamides displayed the great-
est UDD, (9.2; 0-158 and 2.6, 0-82, for beef and dairy farms,
respectively) and first and second generation cephalosporins
were not used in beef farms, while third and fourth generation
cephalosporins and lincosamines were not used in dairy farms.
Spectinomycin was not used in beef or in dairy farms (Table 3;
Figure 1).

From 91 to 180 days, sulfonamides showed the greatest
UDDye, 2.9 (0-100) and 12.1 (0-359) for beef and dairy
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farms, respectively. Cephalosporins, lincosamines or specti-
nomycin were not used in any studied farm (Table 3;
Figure 1).

3.3. Tlyppvet

From Birth to 180 days of age, the greatest Tlyppyet Was for fluor-
oquinolones,in beef 13.1(0-307) and dairy farms 26.5(0-740)
(Table 4; Figure 2).
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Figure 2. Tlyppvet by antibiotic group, period and farm type. Antimicrobial treatment records for calves born between 1 July 2014 and 30 June 2015 on 79 suckler beef

and 44 dairy farms were analyzed.



480 (&) B.EARLEYETAL.

From birth to 30 days of age, the greatest Tlyppyet in beef
farms were 40.0 (0-640) and 40.0 (0-1014) for penicillins and
fluoroquinolones respectively, with sulfonamides being numeri-
cally greater in dairy farms (77.0; 0-1490) than in beef farms (4.9;
0-67) (Table 4; Figure 2).

From 31 to 90 days of age, the antimicrobial groups with
the most used treatments based on Tlyppver Were penicillins
(2.7; 0-168) and fluoroquinolons (2.6; 0-118) in beef farms,
and tetracyclines in dairy farms (23.0; 0-709) (Table 4;
Figure 2).

From 91 to 180 days of age, tetracyclines and penicillins
were the most used treatments in beef (6.8; 0-526) and dairy
(1.3; 0-35) farms (Table 4; Figure 2).

From birth to 180 days of age, fluoroquinolones and penicil-
lins were the most used treatments on beef farms (10.2 (0-254);
0.65 (0-4.8)) and corresponding treatment values for dairy
farms were 26.5 (0-740) and 29.0 (0-740) (Table 4; Figure 2).

3.4. Tlpppvet

From birth to 30 days of age, the greatest Tlpppyer Was observed
with penicillins (10.1; 0-143) in beef farms, and for fluoroquino-
lones (8.5; 0-223) in dairy farms (Table 5; Figure 3).

From 31 to 90 days of age, tetracyclines had the greatest
Tloppver (0.8; 0-29 and 1.5; 0-42) in beef and dairy farms,
respectively. From 91 to 180 days of age, fluoroquinolones
(beef, 0.70 (0-53); dairy, 0.01 (0-0.26) and penicillins (beef, 0.4
(0-17); dairy, 0.3 (0-5.4)) had the greatest Tlpppyet in beef and
dairy farms, respectively (Table 5; Figure 3).

3.5. Tlpcpvet

The Tlpcpver Values are presented in Table 6. From birth to 180
days of age, the most used antibiotics were penicillins and fluor-
oquinolones (0.3 (0-3.5) and 0.4 (0-9.3)) in beef and dairy farms,
respectively (Table 6; Figure 4). From birth to 30 days of age, the
greatest Tlpppyer Was observed for penicillins (beef, 2.8 (0-41);
dairy, 0.8 (0-7)) in beef calves and for fluoroquinolones (beef,
1.9 (0-69); dairy, 2.4 (0-59)) in dairy calves (Table 6; Figure 4)

3.6. Morbidity and mortality

Morbidity results are presented in Table 6. In the first 30 days of
age, suckler beef calves had greater cumulative incidence and

incidence rates of navel (P < 0.05) and joint infection/lameness
(P < 0.05) compared to dairy calves. From 31 to 90 days of age,
beef calves had greater cumulative incidence and incidence
rate of BRD (P < 0.05) than dairy calves. Conversely, the inci-
dence rate of diarrhoea among dairy calves in the first 180
days of life was greater than that of suckler beef calves (P <
0.05). From birth to 80 days of age the cumulative index of
BRD, navel infection, and joint infection/lameness (P < 0.05)
were greater in beef than in dairy calves, while the differences
were only observed (beef greater than dairy) for incidence rate
of navel infection/lameness (P < 0.05).

Median age at first treatment for crude morbidity in suckler beef
and dairy calves was 14 (min.=0, Q1 =8, Q3 =43, max.=155) and
13 (min.=0, Q1=7, Q3=20, max.=145) days, respectively.
Median age at first treatment for diarrhoea in suckler beef and
dairy calves was 13 (min.=0, Q1 =8, Q3 =23, max.=83) and 12
(min.=0, Q1 =7, Q3 =19, max.=117) days, respectively. Median
age at first treatment for BRD in suckler beef and dairy calves
was 48 (min.=0, Q1 =31, Q3 =96, max.=155) and 20 (min.=0,
Q1=11, Q3=30, max.=145) days, respectively. Median age at
first treatment for navel infection in suckler beef and dairy calves
was 7 (min.=2, Q1 =5, Q3 =12, max.=30) and 18 (min.=0, Q1
=6,Q3 =27, max. = 35) days, respectively. Median age at first treat-
ment for joint infection/lameness in suckler beef and dairy calves
was 24 (min.=5, Q1 =11, Q3=52, max.=174) and 37 (min.=7,
Q1=20, Q3=91, max.=93) days, respectively. Median age at
first treatment for other disease events in suckler beef and dairy
calves was 49 (min.=1, Q1=16, Q3=73, max.=153) and 27
(min.=0, Q1 =12, Q3 =88, max.=139) days, respectively.

4. Discussion
4.1. Calf disease

The calves included in the present study represent the two
systems of calf rearing in Ireland; (1) dairy calf-to-beef and
(2) Suckler calf-to-beef. Farms recruited to this study were
representative of commercial practice in Ireland. In this
study, antimicrobial usage refers to the exposure of a given
animal or group of animals over a period of time to the
active substance in each antimicrobial that was administered.
We have provided the first detailed information on antimicro-
bial usage in suckler beef and artificially reared dairy calves
from birth to 180 days of age. This study not only determined

Table 5. Tlppp vet by antibiotic group, period and farm type. Health treatment records for calves born between 1 July 2014 and 30 June 2015 on 79 suckler beef and 44

dairy farms were analyzed.

0-30 days 31-90 days 91-180 days 0 to180 days
Beef Dairy Beef Dairy Beef Dairy Beef Dairy
Tetracyclines 1.0(0-13.9) 16(0 37.0) 0.8(0-29.0) .5(0-42) 0.6(0-36.8)  0.01(0-0.35) 0.7(0-23.5) 0.6(0-15.6)
Amphenicols 1.6(0-34) .6(0-37) 0.7(0-8.6) 06(0 24.1) 0.3(0-18.4) 0.1(0-2.90) 0.5(0-12.0) 0.5(0-12.8)
Penicillins 10.1(0-143)  3.0(0-29) 0.5(0-9.13) 0.6(0-10.8) 0.4(0-16.8) 0.3(0-5.4) .1(0-123) 0.7(0-4.8)
1st & 2nd generation Cephalosporins 0(0-0) 0(0 0) 0(0-0) 0.1(0-3.6) 0(0-0) 0(0- 0) 0(0-0) 0.02(0-0.90)
3rd & 4th generation Cephalosporins 0(0-0) 0(0-0) 0.04(0-3. 0(0-0) 0.02(0-0.91) 0.1(0-6.2) 002(0 0.85) 0.1(0-3.3)
Sulfonamides 1.8(0-15.5)  5.8(0-96) 0.5(0-10.0)  0.56(0-14.5) 0.1(0-1.83) 0.1(0-1.32) 0.3(0-3.5) 0.8(0-15.0)
Macrolides 5.3(0-233)  2.8(0-53) 0.3(0-6. 1.0(0-41.2)  0.04(0-1.57) 0.1(0-1.94) 0.5(0- 17 5) 0.6(0-15.6)
Lincosamines 0.03(0-2.12) 0(0-0) 0.002(0-0.23) 0(0-0) 0(0 0) 0(0-0) 0002(0 0.20) 0(0-0)
Fluoroquinolones 5.4(0-171) 5(0 223) 0.3(0-6. 1.1(0-36.2) 0.7(0-53.0)  0.01(0-0.26) 0.9(0-34) 1.3(0-35)
Aminoglycosides 1.34(0-37) 2.0(0-56) 0.1(0-5. 0.6(0-14.0 002(0 1.63)  0.01(0-0.65) 0.2(0-2.9) 0.4(0-9.0)
Others 0.03(0-1.70)  0.1(0-3.14) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0002(0 013) 0.01(0-0.25)

The data are expressed as mean with range in brackets.
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Figure 3. Tlpppve: by antibiotic group, period and farm type. Antimicrobial treatment records for calves born between 1 July 2014 and 30 June 2015 on 79 suckler beef

and 44 dairy farms were analyzed.

the diseases that were targeted for antimicrobial treatment,
but also the specific antimicrobial classes that were used.
Only animals showing signs of disease were treated with anti-
microbials. No mass administration of antimicrobials was prac-
ticed. This is in contrast to Pardon, Catry, et al. (2012) and Bos
et al. (2013) where healthy animals received medication. In the
present study, overall, 20.4% of suckler beef calves and 14.8%

of dairy calves exhibited clinical signs of disease and were
treated for at least one disease event by 180 days of age.
The leading cause of morbidity from birth to 180 days of
age in the present study was diarrhoea, accounting for 44
and 77% of the disease events in suckler beef and dairy
calves, respectively. The second and third most frequent
causes of morbidity in calves during the first 180 days of life
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Table 6. Tlpcp ver by antibiotic group, period and farm type. Health treatment records for calves born between 1 July 2014 and 30 June 2015 on 79 suckler beef and 44

dairy farms were analyzed.

0 to30 days 31-90 days 91-180 days 0-180 days
Beef Dairy Beef Dairy Beef Dairy Beef Dairy

Tetracyclines 0.3(0-3.9) 0.4(0-10.4) 0.2(0-8.1) 0.4(0-11.6) 0.2(0-10.4)  0.003(0-0.10) 0.2(0-6.64) 0 2(0-4.41)
Amphenicols 0.5(0-11.2) 0.5(0-12.0) 0.2(0-2.80) 0.2(0-7.8) 0.1(0-6.0) 0.03(0-0.94) 0.2(0-3.82) 0.2(0-4.17)
Penicillins 2.8(0-41.0) 0.8(0-7.14) 0.1(0-2.25) 0.2(0-3.1) 0.1(0-4.8) 0.1(0-1.54) 0.3(0-3.5) 0.2(0-1.36)
1st & 2nd generation cephalosporins 0(0-0) 0(0 0) 0(0-0) 0.02(0-0.80) 0(0-0) 0(0-0) 0(0-0) 0. 004(0 0.19)
3rd & 4th generation cephalosporins 0(0-0) 0(0-0) 0. 01(0 0.89) 0(0-0) 0.01(0-0.23) 0.04(0-1.67) 0.01(0-0.23) 0. 02(0 0.90)
Sulfonamides 05(0 4.9) 1.6(0-31.9) 0.1(0-2.60) 0.2(0-3.42)  0.02(0-0.50) 0.03(0-0.36) 0.1(0-0.9) 0.2(0-3.54)
Macrolides 0.5(0-11.1) 0.3(0-8.1) 0.1(0-1.55) 0.2(0-9.1) 0.01(0-0.16) 0.10(0-0.23) 0.05(0-0.83) 0.1(0-3.40)
Lincosamines 001(0 0.45) 0(0 0) 001(0 0.05) 0(0-0) 0(0-0) 0(0-0) 0.001(0-0.03) 0(0-0)
Fluoroquinolones .9(0-69.0) 2.4(0-59.0) 0.1(0-2.6) 0.3(0-9.5) 0.2(0-21.5)  0.002(0-0.1) 0.4(0-14.0) 0.4(0-9.31)
Aminoglycosides 0.5(0-18.2) 0.6(0-14.0) 0. 04(0 1. 32) 0.2(0-7.2) 0.01(0-0.40) 0.01(0-0.32) 0.1(0-1.44) 0.1(0 2 23)
Others 0. 01(0 0.6) 0. 02(0 1.03) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0.04) 0001( 0.1)

The data are expressed as mean with range in brackets.

were BRD and navel infection, respectively. These results are
not unexpected. Diarrhoea and BRD are widely reported as
the two main causes of calfhood morbidity and mortality for
beef and dairy calves in other European countries (Svensson
et al. 2003; Gulliksen et al. 2009; Slavik et al. 2009; Pardon,
De Bleeker, et al. 2012) and North America (Wittum and
Perino 1995; Dewell et al. 2006; Waldner and Rosengren
2009; Henderson et al. 2011; Windeyer et al. 2014).

The highest risk period for disease in the present study was
between birth and 30 days of age, with approximately two-
thirds of all disease events occurring during this time period.
The first 30 days of life, often referred to as the neonatal
period in calves, is known to be associated with high levels of
morbidity and mortality (Wittum and Perino 1995; Sivula et al.
1996; Slavik et al. 2009; Windeyer et al. 2014). More than 90%
of diarrhoea treatments were administered during the first 30
days of life, which would be considered the high risk period
for diarrhoea (Foster and Smith 2009; Smith 2012). The veteri-
narians’ experience of using a particular drug to treat a
specific condition is also an important consideration when pre-
scribing an antimicrobial. Consequently, the prescribing behav-
iour of veterinarians in cattle practice is of importance, however,
collection of data relating to this was not an objective of the
present study.

4.2. Antimicrobial usage

In Ireland, antimicrobials may only be supplied for use in
animals under veterinary prescription in accordance with Euro-
pean Communities (Animal Remedies) (No. 2) Regulations 2007.
Many papers on the usage of antimicrobials in farm animals
(pigs and veal calves mostly) have been published, more
especially dealing with group treatments (Pardon, Catry, et al.
2012; Bos et al. 2013; Jarrige et al. 2017). Pardon, Catry, et al.
(2012) calculated the TI, based on the DDDA (TIDDDA) and
the UDDA (TIUDDA) and the live weight of the animals, as
414 and 379 calves treated with one daily dose of antimicrobial
agents per 1000 animals, respectively.

For this reason, different lists of DDD values (also called
ADD before the consensus) have been drawn up, depending
on the study. These values have been taken from the
summary of products characteristics (SPCs) of drugs marketed
in the country of interest. Further investigations and

comparisons on the drug usage were carried out by some
authors (Jarrige et al. 2017) by means of units of measure-
ments like the PDD (Prescribed Daily Dose) and the UDD
(Used Daily Dose). The principles for assignment of DDDvet
(and DCDvet) are harmonized with the principles for assign-
ment of DDDs in human medicine to the greatest extent poss-
ible. In human medicine only DDDs have been assigned.
Assignment of DDDvet and DCDvet is generally based on
SPC information on dosing collected from nine volunteer Euro-
pean Union Member States (Czech Republic, Denmark, Finland,
France, Germany, the Netherlands, Spain, Sweden and United
Kingdom).

4.3. Quantifying antimicrobial usage

A number of different approaches exist for measuring antimi-
crobial usage, the most commonly reported ones are; defined
daily dose (DDDvet) or defined course dose (DCDvet) and mg
of antimicrobials used per kg of livestock (mg/PCU [population
corrected unit]). The DDDvet and the DCDvet methods are an
estimation of doses or courses of an antibiotic per animal (Euro-
pean Medicines Agency 2015, 2016). The methods are not
without their limitations; for example, mg/PCU may have the
potential to encourage incomplete courses of antibiotics, or
selection of antimicrobials simply based on a low mg/kg dose
rate. DDDvet and DCDvet overcome some issues by assigning
a standard dose/course rate across products and analyzing
how many doses or courses are prescribed per animal.
However, DDDvet and DCDvet take no clear account of the
actual amount (mg) of active agent used.

The values of mg/PCU in the present study are lower than
those reported by Van Boeckel et al. (2015) with 45 mg/PCU
being indicated as a global estimation for cattle. Van Boeckel
et al. used PCU values to estimate global consumption of anti-
microbials per kg of animal produced at 45 mg/PCU which pro-
vides an appreciation for the overall use of antimicrobials within
livestock species but does not indicate usage within the various
stages of the production system.

In agreement with our finding, Sherwin and Down (2018)
reported that the main diseases of calves in the first month of
life in calves were diarrhoea, septicaemia and bovine respiratory
disease with sulphonamides being the class of drug that was
most frequently administered.
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Figure 4. Tlpcpyer by antibiotic group, period and farm type. Antimicrobial treatment records for calves born between 1 July 2014 and 30 June 2015 on 79 suckler beef

and 44 dairy farms were analyzed.

Another interesting finding with antimicrobial treatment in
the present study was the large number of different antimicro-
bials used per disease condition, including the use of critically
important cephalosporins, fluoroquinolones, penicillins, and
tetracyclines. However, the antimicrobial treatments that were
used in Ireland were similar to other European countries with
the exception of colistin, which was not used.

5. Conclusion

This study provides the first detailed information into on-
farm usage of antimicrobials in suckler beef and artificially
reared dairy calves from birth to 180 days of age, in
Ireland. It was concluded that beef and dairy calves in the
study population were treated with antimicrobial substances
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for diseases at a relatively low frequency (mainly individual
treatments).
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