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ABSTRACT

Introduction

In the Danish surveillance of antimicrobial (AM)rsumption for pigs, usage is reported as either
kg active compound or percentage pigs treated ge(rdeasured in “Animal Daily Doses”

(ADD)). In 2010 the Danish government instigatesy/stem, which penalizes herds with an AM
consumption exceeding defined limits (currently the& overall average usage). Herd consumption
is based on percentage pigs treated per day. Risesamber of pen places, presumably resembling
live pigs at any given time, is used as measurefoemumber of animals. If several generations of
animals pass the stable facilities each year ntlaig not be a very appropriate measure. Not
including the herds’ productivity may cause missifisation when pointing out herds with a high
AM usage. How number of pigs is measured may atsof importance when evaluating
consumption over time and comparing countries. etie aims of this study were 1) to describe
the consequences of using three different wayset@sore number of pigs when reporting national
AM consumption — both calculated as gram AM/pig,[&Pig and mg AM/kg pork produced, and
2) to investigate association between produced groper pen place, weight of grower when
leaving grower facility and reported herd AM congiion - calculated as percentage growers
treated per day, using pen places as measurenranirfber of pigs.

Materials and methods

Data was collected from Vetstat, Statistics Dennaawtt Statistics — PIGMEAT. AM
consumption/pig/year was calculated using kg aatorapound and number of ADD divided by 1)
pen places, 2) pigs slaughtered in Denmark (DK)3mulgs slaughtered in DK + number of
exported growers (>15 kg) and finishers. Furtheemg AM/kg pork produced was calculated
based on kg pork from 1) pigs slaughtered in DKpig} slaughtered in DK + actual weight at live
export (>15 kg) and lastly 3) pigs slaughtered i Dadjusted weight at live export (81.8 kg) incl.
10% mortality. Student’s t-test was used to testffierence between means. An analysis of
covariance was conducted to test for associatibmdss produced growers per pen place, weight
of grower when leaving grower facility and reporteztd AM consumption.

Results

The AM consumption for Danish pigs, measured im&gve compound, increased from 90,332 kg
in 2005 to 100,418 kg in 2010 (i.e. 11%, p<0,05ing the three different measurements for
number of pigs, the increase from 2005 to 2010 tooitesd 12.1%, 17.7% and 0.3% and measured
in ADD/pig 14.9%, 24.1% and 3.1%. The increase s¥gsificant when using number of pen
places and number of pigs slaughtered in DK, btitvineen including live export.

Calculated as mg AM/kg pork produced an increasesgan from 2005 to 2009 of 31.4%, 18.6%
and 9.0%. A significant association was found datween produced growers per pen place and
reported herd AM consumption and between weiglgfrofver when leaving grower facility and
reported herd AM consumption (P<0.05).

Discussion and Conclusions

These results show that number of pigs should avkayincluded when reporting AM usage. Also,
there is an obvious risk of misclassification, id@uctivity is not taken into account. Pigs expdrte
at >30 kg for slaughter outside DK should be ineldidince they constitute a large percentage of
the total pig production (28% in 2011) and haveenesd most of their AM treatment before export.
Measured in ADDs, usage for growers (7-30 kg) atutss 77% of the total consumption for pigs.
The export of growers is especially important siid&s increased 160% from 2005 to 2010 (2.7
mio. to 7.9 mio live pigs). Furthermore it is reamended that number of growers produced per pen
place and weight when leaving grower facility, miglke taken into consideration if possible, when
identifying herds with a high AM consumption.
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Resume

Introduktion

| den danske svineindustri rapporteres antibiotikafuget oftest i kg aktivt stof eller procentdgt d
behandlet pr dag (malt som "dyre doser”). | 201dfamtes en dansk bekendtggrelse med henblik pa
at reducere antibiotika (AB) forbruget i danskengliesaetninger. AB forbruget beregnes her som
procentdel dyr behandlet per dag. Besaetningeraastger de fastsatte greenseveerdier tildeles
bader og restriktioner. Antal stipladser, svaretildantal dyr i besaetningen pa ethvert givent
tidspunkt, anvendes pt. som mal for antal dyr estesngerne. Det er dog ikke sikkert antal
stipladser er et passende mal for dyreantal, deilkgis generationer af dyr kan passere gennem en
besaetning arligt. Tages der ikke hgjde for proditkti, kan dette muligvis medfare fejl i
udpegningen af besaetninger med hgijt AB forbrug.réfmo antal dyr opgares kan muligvis ogsa
have betydning nar AB forbrug undersgges overdigpatvaers af lande. Malet med denne
undersggelse var derfor 1) at beskrive effekteat ahvende tre forskellige mal for dyreantal nar
AB forbruget beregnes som henholdsvis gram AB/glyse doser/gris og mg AB/kg produceret
svinekad, og 2) undersgge sammenhaengen mellenpandaicerede fraveenningsgrise pr stiplads,
vaegt ved udgang fra klimastalden og procentdebdimandlet pr dag - hvor antal stipladser
anvendes som mal for antal dyr.

Materialer og metoder

Data indsamledes fra Vetstat, Danmarks Statistibagske Slagteriers arlige udgivelser. For hvert
ar blev kg aktivt stof og antal dyre doser dividened henholdsvis 1) stipladser, 2) grise slagtet i
Danmark (DK) og 3) grise slagtet i DK + levendepks (>15 kg). Ydermere blev kg aktivt stof
divideret med kg svinekad produceret baseret wii4¢ slagtet i DK, 2) grise slagtet i DK + vaegt
ved eksport (levende) og 3) grise slagtet i DKagsvaegt for grise eksporteret ved >15 kg (81,8
kg) justeret med 10% dgdelighed. Student’s t-tkest &nvendt for at teste forskelle mellem
gennemsnit, En covarians analyse blev anvendt sihdersgge sammenhaeng mellem antal
producerede fraveenningsgrise pr stiplads, veeguugeng fra klimastald og procentdel dyr
behandlet pr dag baseret pa antal stipladser.

Resultater

Uden at justere for dyreantal steg AB forbrugetl@ihske grise 11% fra 2005-2010 (90.332 kg;
100.418 kg; P<0,05).Ved anvendelse af de tre fdigkanal for dyreantal steg forbruget fra 2005
til 2010 med henholdsvis 12,1%, 17,7% og 0,3% @it gram AB/gris. Malt som dyre doser/gris
steg forbruget 14,9%, 24,1% og 3,1%. Stigningersigmifikant, nar antal stipladser og antal
slagtede grise i DK blev anvendt son dyreantayjriftigen var ikke signifikant nar den levende
eksport blev inkluderet. Opgjort som mg AB/kg s\ad produceret sas en stigning fra 2005 til
2009 pa henholdsvis 31,4%, 18,6% og 9%. Der bladdtien signifikant sammenhaeng mellem
antal producerede fraveenningsgrise pr stipladst veeudgang fra klimastald og procentdel
behandlede dyr baseret pa antal stipladser (P<0.05)

Diskussion og konklusion

Dette studie illustrerer at antal grise altid b#duderes nar AB forbruget rapporteres.

Derudover er der en potentiel risiko for fejlslutger, hvis produktivitet ikke tages i betragtning.
Grise der vejer mere end 30 kg ved eksport bgudedes da de modtager stagrstedelen af deres AB
i DK far eksport - malt i ADD anvendes 77% af datrdede AB forbrug til fraveenningsgrise).
Derudover udgar eksporterede fraveenningsgriseoerastel af den samlede danske produktion af
grise (28% i 2011). Eksporten af levende fraveersgrige steg desuden med 160% fra 2005 til
2010 (2,7 mio. til 7,9 mio.). Det anbefales at si@wvidt muligt tages hgjde for antal producerede
fravaenningsgrise pr stiplads og veegt ved udgaiktinafstald, nar der udpeges besaetninger med
hgijt AB forbrug baseret pa procentdel dyr behanuietdag hvor antal stipladser er anvendt som
mal for antal grise.
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Monitoring and reporting methods of antimicrobial u se-
a literature study

1 Introduction

The association between resistant bacteria sta@dsise of antimicrobials (AM), especially growth
promoters for production animals is well establéieathers, 2001; Martel et al., 2001; Aarestrup
et al., 2001; Agersg and Aarestrup, 2013). DatAMrusage can be helpful when researching
patterns between AM consumption and emergence ofddiétant bacteria. Furthermore data on
AM usage can be useful when developing treatmeidietjnes and legislations to curb AM
consumption. Many sources have since 2000 advoatdékde need to monitor veterinary
antimicrobial consumption (Nicholls et al., 2001HW, 2001; Chauvin et al., 2002b).

Several studies on veterinary AM consumption haentkpublished during the last decade (Casal
et al., 2007; Varga et al., 2008; Jordan et aD92&agar et al., 2011; Anonymous, 2012b; Merle et
al., 2012; Ozawa et al., 2012; Stolker et al., 20H8®wever Denmark was the first country to
instigate a national monitoring programme for @&fterinary drug usage at herd level (Stege et al.,
2003). Since then the Netherlands and Sweden loleevéd suit (Anonymous, 2012b), and
Germany, Austria, Finland, Norway and Belgium argently working on implementing of similar
monitoring programmes (Anonymous, 2012b, d, c; @bauser, 2013b).

With detailed data on AM consumption at hand a vaiskes to compare consumption both between
herds and between countries. This poses sevefigutties. Detail level of data varies greatly
among countries, depending on each country’s ltiyel infrastructure on registration, distribution
and control of AM use (Nicholls et al., 2001). Fietmore, when comparing the AM usage across
herds and countries, the consumption must be mgbartthe same way and using the same
calculation method and measurement units. Sevaits lhave been proposed, all with different
properties, advantages and disadvantages, incluggight units, financial and commercial units
(Chauvin et al., 2001; Anonymous, 2011e). The magdely used unit is “total kg active
compound”. This weight measurement is easily appl&, comparable between countries and
recommended by the World Health Organization (WR@)3). But due to the wide range in
dosage regimens between animal species and protlotés kg active compound” does not readily
reflect actual therapeutic pressure (Chauvin eRaD1).

WHO has defined a standardized unit for reportinggcconsumption in humans, which takes
dosage regimens into account. The unit is calleefiti2d daily doses” (DDD) (WHO, 2013a)).
Everything needed for calculating the WHO definddDare available online for free (Monnet,
2013). A similar standardized measurement unitcahcllation tool has not yet been developed for
reporting veterinary drug consumption. Despits,tmany studies on veterinary drug consumption
reports the AM usage in measurement units derikad the WHO defined DDD (Jensen et al.,
2004; MARAN, 2011, Callens et al., 2012; Merle et 2012). But - even where reporting methods
are seemingly alike and all derived from the WHG@@ral DDD, comparing findings between
studies on AM consumption are not without pitfafls. Kuster et al. stateséports on antibiotic

use often lack complete definitions of the unitheasurement, hampering comparison of tata
(Kuster et al., 2008). Different reporting- andocdhtion methods might affect findings, such as
which herds are pointed out as heavy users (Chaiah, 2008) or how consumption changes over
time (Dalton et al., 2007).
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The Danish veterinary AM consumption is primargported as “total kg active compound” or
“Animal daily doses” (ADD), defined aglfe daily maintenance dose per live animal forrtren
indicatior” derived from the WHO defined DDD (Jensen et2004). Several studies can be
found where AM usage is also reported in ADD (Tinnman et al., 2006; Chauvin et al., 2008;
Vieira et al., 2011). But, when scrutinized, itesftbecomes evident that between studies there are
differences in the applied calculation routines antéria used for selection of study population.
This underlines the need for meticulous assessofafdta collection- and calculation procedures
when comparing findings from different studies.

This literature study’s aims are to

- describe the monitoring and reporting methods wgeeh reporting human and veterinary
AM consumption, including an example of calculatrontines used for the parameter
“Animal daily doses”

- describe the structure and content of the Danilibdae “Vetstat” used for monitoring the
Danish veterinary drug consumption.

2 Materials and methods

The literature study was conducted to identify nanimg and reporting methods applied when
reporting human and veterinary AM consumption.

Electronic search engines for internet, journal im@ry databases were searched for articles
published in English from 2000 to present (2013)gispecific keywords, depending on subject
investigated. Several of the included articles appe in more than one search engine. An article
was only assessed for relevance and content #idifire it appeared.

Title of each article was first assessed. If tHe §eemed relevant, abstract was read. If absiratt
following this, the article in its entirety stileemed relevant, the article was formatted into an
annotated bibliography using Endnote X5 for Micifbsmd into a searchable database. References
in articles from the literature search were alseased in order to identify all articles relevanthe
study.

Google Scholar were used to obtain articles retaexéin papers from the initial literature search,
and articles which could not be assessed througkldttronic search engines supplied by the
University of Copenhagen.

2.1 Initial literature search

2.1.1 Monitoring and reporting methods of human AM consumption

The search engines CAB abstracts and PubMed wectk us
Keywords used were: antimicrobial or antibiotichnsamption or report or usage.

CAB abstracts:
159 articles were initially assessed. Abstract weael for 43% (68/159). 23% of the articles were
read in their entirety (36/159).
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PubMed
250 articles were initially assessed. Abstract weagl for 12% (31/250). 9% of the articles were
read in their entirety (23/250).

2.1.2 Monitoring and reporting methods of veterinar ~ y AM consumption
The search engines CAB abstracts and Web of Scieem=used.

Keywords used were: pig or veterinary or animatinaigrobial or antibiotic, use or usage or
consumption.

CAB abstracts:
427 articles were initially assessed. Abstract weeel for 16% (68/427). 6% of the articles were
read in their entirety (24/427).

Web of Science:
163 articles were initially assessed. Abstract weael for 57% (35/163). 36% of the articles were
read in their entirety (22/163).

2.1.3 Structure and content of the Danish database  “Vetstat” used for monitoring veterinary drug
consumption in Denmark

For information on monitoring and reporting methad®enmark the literature search was
supplemented with a search on the Danish Minidtfiyood, Agriculture and Fisheries webpage
(fvst.dk) and interviews of people closely assadawith Vetstat.

For the literature search the search engines CABadis, PubMed and the Danish Veterinary
Association’s search engine for the members’ magaddansk Veterinaer Tidsskrift” were used in
chronological order.

Keywords used in search in CAB abstracts and PubMd: Vetstat; Denmark or Danish,
antimicrobial or antibiotic

CAB abstracts:
18 articles were initially assessed. Abstract weeal for 100% (18/18). 55% of the articles were
read in their entirety (10/18).

PubMed
All articles were repeats from search in CAB alittra

Keywords used in search in the Danish Veterinaryofmtion’s search engine for the members’
magazine “Dansk Veterinaer Tidsskrift” were: antirolamal or antibiotic.

The Danish Veterinary Association’s search engangife members’ magazine “Dansk Veterinaer
Tidsskrift”:

57 articles were initially assessed. Abstracts weagl for 100% (57/57), 29% of the articles were
read in their entirety (17/59).
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2.2 Assessment of literature

Primary sources in English were only included,ublished in peer-reviewed journals. For research
studies the following was assessed to determiraglaliey and differences between studies: If study
population was representative for target populasample size justification, inclusion- and
exclusion criteria, percentage of non-participadéda collection procedures and how clear
outcomes and calculation routines were defined.

When encountering secondary sources, it was alatgspted to locate the primary source. Where
this was not possible, e.g. in book chapters, awthd publisher was investigated. If the author had
published one or more peer-reviewed articles inliEngn journals with an impact factor >2 and

the publisher was found to be a large publishesc@ntific research the literature in question was
included.

3 Results

3.1 Monitoring and reporting methods of human AM co nsumption

3.1.1 Data collection

Data collection on human AM consumption can be domaultiple ways depending on data
availability (Clarence et al., 2008; Akalin et &Q12; Pathak et al., 2012). In Scandinavian
countries data on all human AM consumption areectdld in large national IT-based databases
(Ljungkvist et al., 1997; Muller-Pebody et al., 20@-erech et al., 2006; Muller et al., 2006; Blix e
al., 2007). In countries where AM consumption asslstrictly monitored at national level, data on
AM usage can be recorded in IT-based databasesgayate institutions - such as hospitals (Mandy
et al., 2004; Muraki et al., 2013), pharmacies (Nktret al., 2004; Chandy et al., 2013)), health
care insurance companies and/or drug manufact(vargler Stichele et al., 2004; Anonymous,
2010c) Summarized data from these sources migappked to give an impression of national AM
consumption patterns (Vander Stichele et al., 2004)

Where IT-based data are difficult to obtain, ewge ¢b lack of IT-based data on treatments, large
non-registered over-the-counter sale and/or sgacoeitrolled import and export of drugs, data on
AM consumption can be collected in various otheysvaExamples are questionnaire-based studies
interviewing end-consumers (Clarence et al., 26@8hak et al., 2012) and point prevalence studies
collecting data from selected clinics, hospitalaments or pharmacies (Dong et al., 2008; van
den Boogaard et al., 2010; Akalin et al., 2012;ri@lyaet al., 2013).

3.1.2 Measurement units

The World Health Organization’s (WHO) measuremaenit tDefined Daily Dose” (DDD) is
presently the most widely used unit when reporfii consumption.

WHO defines DDD asthe assumed average maintenance dose per daydimgaused for its main
indication in adults”(WHO, 2013a). DDD takes potency of drugs into actpand is independent
of sale prices and product package sizes.

DDD was first implemented in a systematic way by Wordic Council on Medicines. This was
done in conjunction with an introduction of the Aoraical Therapeutical Classification system
(ATC-system) (Wertheimer, 1986). The ATC-systemmides all drugs in a five-digit hierarchical

! In 50 random studies on human AM consumption ghieli 2000-2013 82% used DDD as the primary
measurement unit.
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system. Products with the same active substaniteisame pharmaceutical formulation are given
the same ATC-code (Dahlin et al., 2001). Accordmthe basic principles of WHO only one
average maintenance dose is assigned per admtioistraute within an ATC-code. DDDs are
assigned by a WHO International Working Group (Ayranus, 2012b). When the recommended
dose refers to body weight, an adult is considevdze a person of 70 kg. It should be emphasized
that even special pharmaceutical forms mainly itéeinfor children are assigned the DDD used for
adult$. DDDs are not established for topical productsa,seaccines, antineoplastic agents,
allergen extracts, contrast media and general@a anesthetics (WHO, 2013a). The DDD/ATC
system can be employed to ease benchmarking wpertireg drug consumption (Natsch et al.,
1998; Hutchinson et al., 2004; Meyer et al., 20040 appointed DDDs are publicly available on
the WHO Collaborating Centre homepage (WHO, 20H3io) an online calculator which employs
the WHO’s DDD/ATC system is available online foedr(Monnet, 2013).

Among alternative measurement units to DDD are

- used daily doses - equivalent to actual days atiment (Kern et al., 2005; Polk et al.,
2007). Especially applicable if detailed IT-basatiadon day to day drug consumption are
available — e.g. as in large Westernized hospitals

- prescribed daily doses —described as “days ofnresatt prescribed by the
hospital/practitioner” by Muller et al. (Muller at., 2006). Applicable if data on prescribed
daily doses are available

- antibiotic courses — e.g. defined asy period during which the same agent (regardtéss
dose and route) was administered to the same gaiirenonsecutive dayéBerrington,
2010).

DDD is a measurement unit designed for pharmacdeepiological studies. Therefore it does not
necessarily reflect recommended, used or prescdaiyg dose for specific patients or individual
patient groups (Monnet, 2007; WHO, 2013a). Thus firoposed that the DDD/ATC system must
be used with caution, when assessing actual uslgdddaes (Polk et al., 2007). This statement has
been underlined by studies addressing limitatidieeWHQO’s DDD/ATC system (Zagorski et al.,
2002; Mandy et al., 2004; Shetka et al., 2005; btudt al., 2006; Polk et al., 2007). One of the
major noted shortcomings is discrepancy betweamhuased daily doses or prescribed daily doses
and DDD, e.g. due to age of patient (e.g. pedigtieents), reduced dosage due to renal failure or
simply that used daily doses or prescribed dailseddn the population investigated differs
significantly from DDD-values given by the WHO. &his illustrated by Dalton et al. in a study
assessing trends in AM consumption over a 6.5 geaod in adult care centers. They found a
18.9% reduction in DDD per 100 bed-days, but onigaguction of 10.3% when measured as
prescribed daily doses per 100 bed-days (Daltah ,e2007).

When comparing AM consumption between studies, fillithermore of great importance to ensure
that identical calculation routines have been eygilo In the United States the DDD methodology
was adopted during the 1990s, but papers publiditedot utilize the WHO assigned DDDs, but
rather adopted differing values on dosage regimenerding to the sources at hand (Pallares et al.,

2Exceptions are made for some products used onbhligren e.g. growth hormones and fluoride tablets.
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1993; Carling et al., 1999; Fridkin et al., 199Bhis led to different “DDDs”, thus hampering
comparison of AM consumption between studies.

3.1.3 Choice of population measurement

It is generally agreed upon, that data on AM constion are of more value, when related to a
relevant population (Lee and Bergman, 1994; Mackeard Gould, 2005; Ferech et al., 2006;
Anonymous, 2012c). Different measurements for pajoah can be applied. “Number of bed-days”
is often used when investigating AM consumptiohaspitals (Kuster et al., 2008; Vaccheri et al.,
2008; Muraki et al., 2013). “Number of admissiorisiumber of finished consultant episodies
“number of patient days” and “number of prescriptibhave also been applied (White et al., 2000;
Filius et al., 2005; Berrington, 2010) . Where Abhsumption for patients not residing in hospitals
or other institutions are investigated “numberrdgfabitants” is frequently used (Monnet et al.,
2004; Ferech et al., 2006; van den Boogaard e2@L10Q; Sohn et al., 2013).

3.2 Monitoring and reporting methods of veterinary AM consumption

3.2.1 Data collection

WHO acknowledged in a report from 2001 that dateectbon programmes on veterinary AM
consumption would depend on the national situatiaeach specific country. Therefore WHO
posed the following suggestions:

“Collecting data from one or more of the followirgyisces:
- Importers and exporters as well as production dabdan manufacturers.
- Data on intended and actual usage from manufacsmistributers including feed mills,
pharmacies and veterinary prescription records.
- Veterinarians, farmers and animal producers.

(WHO, 2001)

Data collection methods on veterinary AM consumptee as diverse as for the human
counterpart, although far less countries have stttdished nation-wide surveillance programmes.
Below are listed some examples of data collectiethaods used in veterinary AM consumption
studies.

- National databases containing detailed consumplaba at herd level from both
pharmacies, drug manufacturers and wholesalersr@\@¢al., 2011; Stolker et al., 2013).

- Data from either importers, drug manufacturers bolesalers not already collected in a
database (Mitema et al., 2001).

- Data collected from slaughterhouses from paper$aampleted by farmers on all
treatments during a set period (Chauvin, 2005).

- Data collected directly from the herd, e.g. assessmof log journals for all treatments in the
herd during a certain period (Timmerman et al.,@@allens et al., 2012) or questionnaires

* “Finished consultant episodes” (FCE) is not the same as “number of admissions” as a single admission might account
for more than one FCE, if the patient is transferred form one department to another. Thus FCE is essentially a
measurement for number of departmental admissions.
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on treatment practices filled out by the farmerj(&et al., 2006; Casal et al., 2007;
Rosengren et al., 2008; Varga et al., 2008; El&tydd., 2012; Ozawa et al., 2012).

- Data collected through the veterinarians — e.gstjoienaires on treatment practices for
certain diseases (Jordan et al., 2009; Pleydall €2012), last prescription made (Chauvin
et al., 2002a) or collection of patient journals¢ker et al., 2011; Murphy et al., 2012).

3.2.2 Measurement units

Contrary to human medicine, there is no standaddiziernational measurement unit available for
pharmaco-epidemiological studies on veterinary arargsumption. WHO recommended in 2001
that veterinary AM consumption should be reportedotal kg active compound consumed.
Furthermore a call was made for a veterinary systiemiar to the DDD/ATC system to ease
comparison between studies (WHO, 2001).

Up to this day veterinary AM consumption has besported using several different measurements.
Among these are

- money spent on AM (Chauvin et al., 2008)
- kg active compound AM (Jensen et al., 2004; Grawa. £2010; Anonymous, 2011c)
- number of prescriptions made (Holso et al., 2005)

- percentage of herds using specific AMs (e.g. tgtlawe or ceftiofur) over an extended time
(Jordan et al., 2009) or according to the last npadscription (Chauvin et al., 2002a)

- used daily doses, both as “used daily doses pérpi)“used daily doses per kg pig”.
Callens et al defines used daily doses per kg pigetually administered per day per kg
pig of a drug (Callens et al., 2012). Used daily doses is aalie where detailed treatment
data is available from the farmer (day of treatmpriiduct given, weight of animal treated)

- used course doses — actual used doses per treatouese (Menéndez Gonzalez et al.,
2010)

- prescribed daily dose, calculated by Pardon etsshmount of product on prescription
divided by dosage recommendation on prescriptiohiptied by animal weight at
beginning of treatment (Pardon et al., 2012).

- animal daily doses (ADD), also called DDD by Poti&Ruegg (Pol and Ruegg, 2007).
ADD is defined by Jensen et al. as “the definedaye maintenance dose for the main
indication in a specified species” (Jensen e8i04)

Several studies report their findings using moeantbne of the above mentioned units, highlighting
the effect of using different measurement unitsmeporting AM consumption (Timmerman et
al., 2006; Chauvin et al., 2008; Menéndez Gonzéle#., 2010; Callens et al., 2012; Pardon et al.,
2012). In a study on AM consumption in 50 Belgiag Iperds, Timmerman et al. found that 17.8 %
of the pigs were treated per day when consumptas aalculated in ADD, whereas 17.0% of the
pigs were treated per day when consumption wasileadd in used daily doses (Timmerman et al.,
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2006). These findings are consistent with a stumhdacted by Pardon et al. where the percentage
of animals treated per day were also found to ghdriwhen calculated as ADD than when
calculated as used daily doses (41.4% of Belgiahcadves treated per day as opposed to 37,9% of
veal calves treated per day) (Pardon et al., 2012).

In a study from 2008 Chauvin et al. compared agesetnetween reported AM consumption when
using different reporting methods for pointing detds with a high AM consumption. They found
that chosen measurement unit affected whethertaa herd was pointed out as a herd with high
AM consumption. Agreement values (kappa) betwepnrting methodsranged from 0.31-0.83
with a mean of 0.54 (Chauvin et al., 2008).

Although measurement units across studies may sesitar when reporting AM usage-— e.g. the
consumption is reported in ADD — it is vital to ass, if calculation methods differ in any way
before comparing consumption across studies. kgtakctive compound AM and ADD are
currently the measurement units used, when regp/i consumption from the Danish and Dutch
national databases (DANMAP, 2011; MARAN, 2011). ABbables reports on AM consumption
to adjust for differences in dosage regimens deipgrmh animal species and size (Lee and
Bergman, 1994). ADD is the closest veterinary egleint to the WHO standardized human
measurement unit “defined daily dose” (DDD) (Wenther, 1986). But contrary to the WHO
defined DDD, ADD is still calculated differently mxss borders. To calculate number of ADD,
dosage per animal must be known for each produstniost often based on standardized dosage
values. Depending on preference and nationaliguttiors, these standardized dosage values are
taken from different publications (Jensen et @042 Timmerman et al., 2006; Callens et al., 2012).
Therefore dosage values and calculated ADD vadesrdingly. Examples are shown in table 1 of
calculation routines and study population seledtifsom studies reporting AM consumption in
measurement units derived from the WHO defined OpDi4-45).

To account for the large variation between weightsroduction animals, the parameter “standard
weight” was introduced when reporting veterinary AbWhsumption from the Danish and Dutch
national databases (Stege et al., 2003; MARAN, 20@andard weight” is the estimated average
weight at treatment assigned to specified age grouhin production animal species (Jensen et al.,
2004). “Standard weight” have also been appliestuidlies, where exact weight of animal at
treatment is not known (Menéndez Gonzalez et @lLp20britzhauser, 2013b). Examples are
shown in table 2 of differing “standard weights'deege groups between studies.

* Six reporting methods investigated- kg active compound AM, treatments, days of administration, kg live weight
treated, animal daily dose to treat 1 kg live animal and euros.

10



Age group Standard weight

Denmark (Stege et al, 2003)

Breeding animals, gilts, suckling pigs 200 kg
Finishers (30-110 kg) 50 kg
Growers (7-30 kg) 15 kg
Netherlands (MARAN, 2007)
Breeding boars 350 kg
Sows 220 kg
Maiden gilts 107.5 kg
Fattening pigs 70.2 kg
Piglets 12.5 kg
Austria (Obritzhauser, 2013a)
Boars 150 kg
Sows 150 kg
Young sows mated 150 kg
Young sows not mated 75 kg
Fatteners 75 kg
Weaners 20 - 32 kg 35 kg
Piglets 8 - 20 kg 35 kg
Germany (Merle et al., 2012)
Sows 220 kg
Fattening pigs 70.2 kg
Weaners 25 kg
Piglets 12.5 kg

Table 2.Examples of age groups and standard weights fgs.pi

ADD does not necessarily reflect the prescribesedd or recommended daily dose and drug
consumption. Data presented as ADD only gives imate of consumption and not an exact
picture of actual use (Chauvin et al., 2001).

3.2.3 Choice of animal numbers
When evaluating AM consumption data, it is ofteramiagful to relate data to a relevant

population (Lee and Bergman, 1994; MacKenzie andl€2005; Ferech et al., 2006; Anonymous,
2012c)).
Animal number equaling animal population at risk b& assessed in several ways. Examples are

- number of pen places, resembling live animals na la¢ any given time (Anonymous,
2011a; MARAN, 2011)

- number of animals produced (e.g animals slaughterddor without export of live
animals) (DANMAP, 2011)

11
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- kg animal present per year (e.g. calculated avesegght at treatment * number of animals
(Anonymous, 2011f)).

We conducted a study to investigate effect of messant of animal number, when reporting
national AM consumption per pig, using pen placesnber of nationally slaughtered pigs and
number of nationally slaughtered pigs + pigs exgubtive respectively. We found that AM
consumption per pig from 2005 to 2010 changed Bggmtly when using pen places and number of
nationally slaughtered pigs as measurement for@momber, but no significant change was found
when live export was taken into account (Duponf,2)0

To assess frequency of treatments the parametareiptage animals treated per day” can be
applied (Alban et al., 2012; Callens et al., 20T2) calculate “percentage animals treated per day”,
number of animal days, resembling animals at righkng the period investigated must be known.
The Danish authorities presently use number of ‘fanes”, presumably resembling live animals
at any given time, as measurement for animal nuth{Bdan et al., 2012)

Therefore animal days are calculated by the Dasghorities as:

Animal days = Number of pen places * days in period
(Anonymous, 2011b)
Percentage animals treated per day can then bdatald as:

ADDused

Percentage animals treated per day = m x 100

Other examples are given in table 1 (page 44-45)

2.3 Structure and content of the Danish database “ Vetstat” used for monitoring
veterinary drug consumption

As a result of the growing concern towards AM resisbacteria entering the human food chain an
EU conference (“The Microbial Threat”) was helddenmark in 1998. One of the
recommendations issued was to monitor the vetgrimse of AM more closely. In order to comply
with these recommendations, Denmark instigatednagaing surveillance program in 2000 of the
medical consumption for (production) animals, odiley all data in the national database Vetstat
(Stege et al., 2003). Vetstat is an abbreviatiofthe Danish Veterinary Medicines Statistics
Programme” (Vieira et al., 2011).

Vetstat is a relational database on an Oraclegrlatbwned and managed by the Ministry of Food,
Agriculture and Fisheries. Since 2002 it has beandatory to record all drugs prescribed to
production animals (Hybshmann et al, 2011).

> Data on number of pen places are derived from a national database (Anonymous, 2011b. Bekendtggrelse om szerlige
foranstaltninger til nedbringelse af antibiotikaforbruget i svinebesatninger - in Danish (Legal order on special means
to lower the antimicrobial consumption in pig herds). The Danish Ministry of Justice.
https://www.retsinformation.dk/Forms/R0710.aspx?id=139431. 16-06-2013 ).

12
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The purposes of Vetstat are to:

“(1) monitor veterinary usage of drugs in animal gwotion; (2) help practitioners in their work as
farm advisors; (3) provide transparency as a ba&srsensuring compliance with rules and
legislation and (4) provide data for pharmaco-eprdelogical research.” (Stege et al., 2003).

During the nineties many legislative regulationsevyeassed by the Danish government to curb AM
sale, including regulations on veterinary profrtsnh sale of AM (Aarestrup et al., 2010;
Anonymous, 2012a). The Danish government introdiéckdn on avoparcin in 1995 and
virginiamycin in 1998 for use in production anim@dsarestrup et al., 2001; Grave et al., 2006).
Furthermore the food animal industry in Denmarkuwntérily stopped all use of AM’s as growth
promoters by the end of 1999 (Aarestrup et al. 12081l AM and the largest majority of all other
veterinary therapeutic drugs are prescription-amipenmark (Anonymous, 2010a). Virtually, all
sale of veterinary medicine are made through pheiesaveterinary practitioners or feed mills.
Data on medicine consumption are therefore subdhittd/etstat by these three entities (figure
1).Pharmacies and feed mills purchase drugs dyr&atin the drug manufacturers. Veterinary
practitioners purchase drugs for use in practiomfpharmacies. All pharmacies, veterinary
practitioners, veterinary practices and feed nidlse a unique ID (Stege et al., 2003).

Content of entries to Vetstat are shown in figur@r&sently there is no automatic linking of animal
species, age group and diagnostic group. This makessible to make an entry containing
logically diverging values e.g.: animal speciesttled, age group “finishers” and diagnostic group
“furunculosis”. In 2011 1.4% entries reported byaphacies on drugs for use in cattle herds either
stated an invalid age group, diagnostic group o dupont, 2013c).

Companion animals ‘ Sale/use of drugs
” => Reporting pathways
f Vetstat
Vet.er.‘inary Drugs used or sold by veterinary practitioner (only prod. animals)
practitioners

D 4

Pharmacies All veterinary drugs sold

mw ’ «Feed mills | Al medicated feed sold

Production animals

Figure 1. Reporting pathways- Vetstat and percentage af t@f AM active compound reported for
production animals in 2011.
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An entry in Vetstat always contains:
- Product quantity and commodity number*, formulation, administration route, active
components, ATC/ATCvet code and strength

- Identification of prescribing veterinarian
- Date of sale
- Identification of reporting entity (pharmacy-ID/veterinary prastigr-1D/feed-mill-ID)

Depending on reporting entity (pharmacy/veterinary practitioner/feddamd
recipient the entries must contain various supplementing information.

g D

Pharmacies Veterinary practitioners
/ ¢ \ and feed-mills
Companion Veteri M
mp Specified herds eterinary Specified herds
animals practitioner
- Animal - Herd identification - Receiving - Herd identification
species code(CHR-ID) veterinary code(CHR-ID
ractice . .
- Animal species treated IpD - Animal species treated
- Age group of animal - Age group of animal
species treated species treated
- Diagnostic group - Diagnostic group

Figure 2. Content of entries according to reporting enéityd recipient of drug (Stege et al., 2003).
*The Nordic commodity number identifies name oficieal product, strength, form and size of
packaging(Jensen et al., 2004).

Vetstat's definitions of animal species, age grand diagnostic group are shown in table 3 (Stege
et al., 2003; Anonymous, 2013a).
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Table 3. Vetstat definitions of animal species, age groupl{ding according standard weight) and

diagnostic group.

Animal species

Age group ( standard weight(kg))

Diagnostic group

Breeding animals, gilts, suckling pigs
(200)

Pigs Growers (15)
Finishers (50)
Bulls, cows (600)
Cattle

Calves<12 months (100)
Heifers, steers (300)

Sheep, goats

>12 months (50)
<12 months (20)

Mink

Not recorded (1)

Reproduction, urogenital system
Udder

Gastro-intestinal system
Respiratory system

Joints, limbs, hooves, CNS, skin
Metabolism, digestion, circulation

Other (mink only)

Aquaculture

Not recorded (1)

Red mouth disease
Furuncolosis

Brood syndrome
Other

Poultry

Broilers (0,2)
Layers (1)
Rearing flocks (1)

Abdominal organs
coccidiosis

enteritis

hepatitis

salpingitis

other

Respiratory system/organs

Other production
animals*

Horses
Pets

Not recorded (1)
Not recorded (500)
Not recorded (not given)

Not recorded

*|lamas, rabbits, deer,

ostriches

Submission of data to Vetstat
All Danish pharmacies have electronic and standadibilling systems. These are linked to
Vetstat, which ensures automatic transfer of datallbveterinary drug purchases (Jensen et al.,

2004).

Electronic journal systems are used by most Daresérinary practicés These software-systems
automatically transfer data on all treatments réigarproduction animals to Vetstat in connection
with billing (Jensen et al., 2004). The softwaretsyns are developed and distributed by private
companies and there are no official guidelineggislation on the setup. A few veterinarians
choose to report data directly into Vetstat, eithanually on the Vetstat webpage or by discs sent
to the Ministry of Food, Agriculture and Fisher{@acobsen, 2013). According to Danish
legislation veterinarians must report drugs usegfoduction animals at least once per month

(Anonymous, 2013a).

*TANG-dyrlzegelasning(TANG dat#ttp://www.tang.nu/index.php/vetnet/vetnetmanagement) and Vetvision
(Novasoft-http://vetvision.eu/ ).
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Only few substances are approved for pre-mixed cagelil feed for production animals. The
purchases are reported directly to Vetstat by ¢leefmills (Jacobsen, 2013).

Herd identification code- system

Since 1993, all Danish herds have been legallyireditio register in the Central Husbandry
Register (CHR). CHR is owned and managed by thedulynof Food, Agriculture and Fisheries
(Jensen et al., 2004). All herds are given a unideetity code (CHR-ID) relating to the
geographical coordinates of the herd in questioad®t et al., 2001). In addition to information on
geographical location the register also contairta da production type and number of animals
present in the herd (animal species, age groupranihct information on the farmer (Mousing et
al., 1997; Hybschmann et al., 2011). It is mandatoreport all changes in number of animals to
CHR no later than 7 days after the event for caitie once per year for pigginonymous, 2011a).

List of veterinary products

All Danish drugs, both human and veterinary, mesapproved either by the Danish Health and
Medicines Authority or the European Medicines Agerdewly approved veterinary drugs are
registered into Vetstat every second week manbgllg ministry employee (Jacobsen, 2013).
Information must include

- commodity number

- active component(s)

- strength

" package size

- formulation

- administration route

- ATC/ATCvet code

- average daily maintenance dose per kg live aniorahie main indication according to
relevant animal species (DM§).

(Jensen et al., 2004)

Dosage values in Vetstat are derived from detgiteduct descriptions published by the Danish
Health and Medicines Authority. The product dedasipcontain information on drug content,
which animal species the drug has been approveshfibrecommended dosd@enonymous,
2013b).Where recommended dosage in the productipigsi is given as a range, dosage value in
Vetstat is calculated as mean dosage value -fé@d.-D.05 mL product per kg live weight animal
recommended in the product description, the Vetkiaage value will be 0.075 mL per kg live
animal (Jacobsen, 2013).

User-access to Vetstat- data

Data on overall national AM consumption, measuredgactive compound, for all animal species
and for pigs specified are presented online omtigpage of the Ministry of Food, Agriculture and
Fisheries (Anonymous, 2013f).

"For herds with more than 300 sows, 3000 finishe®060 growers, information on animal numbers nestipdated
biannually.

®Available in Danish at the Danish Health and Medicines Authority’s webpage:
http://www.produktresume.dk/docushare/dsweb/View/Collection-72
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Detailed data on all entries into Vetstat are asibésto veterinarians and farmers on Vetstat's
webpagewWww.vetstat.dlk. Farmers can monitor all entries regarding tbein herds.

Veterinarians can monitor all entries submittedh®mselves, and all entries for herds with whom
they have a Health Advisory Agreement (HAA). HAA&Ig2 mandatory for Danish herds of a
certain size (>300 sows, boars or gilts, >6000 grsver >3000 finishers. They cover rules on
frequency of veterinary visits, treatment schenmesraanagement (Anonymous, 2013c).

Automated graphic reports can be made on AM conomfor each individual herd reported as
percentage animals treated per day.

Since spring 2012 it has been possible for any neembthe public to obtain access to detailed data
excerpts from Vetstat (Anonymous, 2011d).

4 Discussion

4.1 Data collection

Several studies have been conducted to asseshuradm and veterinary national AM

consumption. Completeness of data may be easadtéan, for countries where data on all AM
treatments or sale are already collected in IT-thas¢abases, such as national databases, hospitals
or pharmacies (Stege et al., 2003; Holso et aQ52Bscher et al., 2011). Where such databases do
not exist, data collection often relies on the wghess of veterinarians and/or farmers to padiep
(Varga et al., 2008; Callens et al., 2012; Murphgle 2012). This may affect findings - e.qg. if
farmers only participate if they are willing tol fdut extensive forms (Pardon et al., 2012) or heave
specific interest in the subject or decline to ipgrate if they consider the subject to be sensitiv
(Edwards et al., 2002). Possible non-responsenbiest therefore be taken into account, especially
in studies where response rates are relativel(&3#o (Callens et al., 2012); 22% (Dewey et al.,
1999); 37% (Chauvin et al., 2002a) .

Several studies describing AM usage for countriestiver similar large geographic areas utilize
convenience sampling for study population selecttotamples of convenience sampling are

- study population selected through another studgttigpants (Dewey et al., 1999; Sawant
et al., 2005; Rajiet al., 2006; Pol and Ruegg, 2007)

- study population based upon willingness to paréitgde.g. enlisted through an
advertisement published in a magazine (Menéndez&enet al., 2010) or veterinarians
suggested herds willing to participate (Merle et2012)).

This might possibly affect findings as the studpplation may not be representative of the target
population. Furthermore where data are collectech fend-consumers, data might be biased due to
forgetfulness of end-consumer (Vrijheid et al., @00r as stated by Chauvin et al, 200&s “

various sources of information do not always prewvidnsistent results in human medicine when
respondents are direct consumers, it is likely giatilar difficulties will be encountered in tragn
drug usage in veterinary medicinghauvin et al., 2002b).

Even where national databases are available, tsabfidata should be assessed, as it has been
shown that data might be incomplete or containreoas entries (DANMAP, 2011; Dupont, 2012;
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Wolff, 2012; Espetvedt et al., 2013). Steps cataken to ensure data validity on consumption
data, such as automatic transfer of data on adrivetry drug purchases (Jensen et al., 2004) or
comparing data entries with actual consumptiomeiinvestigated population (Jick et al., 2003).
Furthermore, when comparing AM consumption betwammtries, it is important to be aware that
AM consumption data from national databases cameperted in different ways.

When studies investigate national consumption pattie might be prudent to consider study
population selection and participation rates oftaoted herds. This is exemplified by the studies
performed by Dewey et al. (1999) and Eagar efall{). In 1999 Dewey et al. (1999) published a
study titled ‘Use of antimicrobials in swine feed in the Unitedt&” However it was not clear in
the article, how the authors ensured that the ghagylation was representative of the target
population- which based on the title must be piglaén the United States. Sample size needed was
not given in the paper. Herds participating in shedy were herds chosen on basis of a study on
preweaning mortality and morbidity (Tubbs et a@93; Dewey et al., 1999). Participation rates of
contacted herds were 22,6% (712/3184) and datanclsled from 17 out of 50 states, (Dewey et
al., 1999). Furthermore it is not addressed irattiele’s discussion how representative the authors
perceive their study population to be of the tapgmiulation.

Another example of a study making inferences oronat consumption based on a sample of herds
is the study on the national AM consumption in $oifrica by Eagar et al. (Eagar et al., 2011).
Eagar et al. assess consumption through sale$rdataight out of the twenty five drug companies
in the country. No information is given on the netrkhare of the eight participating companies.
Before making conclusions based on results ingtidy on the national South African AM pattern,
it must be taken into consideration that it is krmbwn whether the participating eight drug
companies only deliver to a specific region of ®oAfrica, a specific production type or a specific
animal species. However - contrary to Dewey e1899), Eagar et al. refrains from making any
final conclusions on the quantity of AM consumedbouth Africa. They instead make a call for
legislation concerning increased surveillance of Adtisumption, as they conclude that more data
is needed before any decisive conclusions can loe ma the total amount of AM used in South
Africa.

Effect of calculation routines on AM consumption rgorts based on data from the Danish
national database “Vetstat”

When using data from large national databases, sepwting entities might deliver better quality
data than other (Espetvedt et al., 2013). Furthezxntas presently only a few databases with
include information on animal species (Anonymouis, 2Z). Below is an example from the Danish
Vetstat database to illustrate effect of usingedléht approaches when reporting AM consumption
based on consumption data obtained from a natatatabase.

Data on Danish veterinary drug consumption arestergd into Vetstat by three reporting entities —
pharmacies feed mills and veterinary practitior{8tege et al., 2003; Jensen et al., 2004). By
Danish law all use and sale of AM consumption usegroductions animals must be registered
into Vetstat, no later than one month after theney&nonymous, 2013a). The completeness of
data from pharmacies and feed mills are estimatée tvery high, whereas data on up to 20% of
AM used by veterinary practitioners have been estihto be missing (DANMAP, 2011). Lack of
reports on AM usage from veterinary practitioneeymot affect reported AM consumption for
Danish pigs, as only a very small percentage of #i¥sed for pigs comes from veterinary
practitioners (less than 0,1% in 2011) (Vieiraletz011). Contrary to this, from 2007-2011, 36-
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76% of AM’s registered for use in cattle were répdrthrough veterinary practitioners (Dupont,
2013c). Data on the Danish AM consumption for eadtie published yearly by DANMAP - the
Danish Integrated Antimicrobial Resistance Monitgrand Research Programme (DANMAP,
2012). To adjust for potential missing registrasiday veterinary practitioners, DANMAP calculates
AM consumption for cattle (kg active compound) as:

DANMAP cattle AM
= AM sold directly for use in cattle herds from pharmacies
+ AM sold for use in cattle practice from pharmacies

By applying this method, AM consumption is estindatelying solely on data registered by
pharmacies. Registrations by pharmacies on AM foldse in veterinary practice do not include
information on animal species (figure 2). Thereftiris method is not without flaws as

- AM used in mixed practice for cattle are not inadd

- AM used for non-cattle are included if used by vietgians employed in cattle practice.

An alternative to the DANMAP method is solely tealwde Vetstat-data where animal species have
been explicitly specified as “cattle”. This methdoks not adjust for missing registrations by
veterinary practitioners.

When comparing AM consumption, given as total &gva compound AM, according to these two
methods, there is a discrepancy of 4-15% (tab({®3NMAP, 2008, 2009, 2010, 2011, 2012).
Discrepancy in
Vetstat DANMAP Discrepancy (kg active compound AM)%

2007 12741 15000 2259 15,1
2008 12923 14500 1576 10,9
2009 13232 15000 1768 11,8
2010 14027 14636 608 4,2
2011 13671 14678 1006 6,9

Table 3.Antimicrobial consumption (kg active compound)dattle 2007-2011 according to Vetstat
and DANMAP respectively.

This comparison highlights the importance of métas description of calculation routines when
publishing numbers on AM consumption. DANMAP regarain be accessedvatw.danmap.org

4.2 Measurement units

Table 1 (p. 44-45) gives an impression of the rude of different calculation methods used when
reporting veterinary drug usage. Even where cdicuaoutines seem alike, other values differ,
such as dosage values or measurement for numbeiméls. To facilitate comparisons between
studies on AM consumption, transparency of calautatnethods are needed (Kuster et al., 2008).
Furthermore names of variables should be easilgnstahdable to the reader. Timmerman et al.
(2006) calculates the outcome variable “Animal yldibse pig” (defined as treatment incidence
based on ADDpig) based on the variable “ADDpigfiided as the national average maintenance
dose per day per kg pig). This might confuse reades the variable names “Animal daily dose pig”
and “ADDpig” resembles each other (Timmerman et24106).
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“Total kg active compound AM” is presently the rmeeement unit recommended by WHO for
reporting AM consumption (WHO, 2003). To take diffieces in potency of drugs and dosage
regimens between animal species into account, gdreables have been introduced. Among these
are “ADD” (animal daily doses), “prescribed dailgsts” and “used daily doses” ((Jensen et al.,
2004; Timmerman et al., 2006; Chauvin et al., 2008néndez Gonzalez et al., 2010).

ADD can be used where prescribed daily dose or dagyg dose are not available — e.g. when using
data collected in national databases (Jensen @084; MARAN, 2011). Dosage values are then
often estimated on basis of various literature meo@ndations (Jensen et al., 2004; Timmerman et
al., 2006). Differences in dosage values per kg éimimal must therefore be taken into account,
when comparing studies. Even within studies perémim the same country, sources for dosage
values may differ as shown by Timmerman et al. @@hd Callens et al. (2012). Even though both
used the Belgian Compendium of Veterinary Mediciags source for dosage values, Callens et al.
(2012) also used drug instruction leaflets and Temman et al. (2004) used publications from the
Belgian Centre for Pharmacotherapeutic informafiimmerman et al., 2006). None of the two
studies include information on which source on desalue was used for which product, further
hampering direct comparison between the studies.

Within national monitoring systems, disagreemesetsvben very similar products (same active
substance, same administration route) on dosagegdere animal may also arise. Vetstat dosage
values are given according to product descriptmidished by the Danish Health and Medicines
Authority (Anonymous, 2013b). In 2010 the Danislwvgmment instigated fines and regulations to
herds where more than 5% of breeding animals, giltssuckling pigs, 25% of growers or 7% of
finishers are treated daily (calculated as ADD i@ animals per day) (Anonymous, 2013d). This
has increased the interest to obtain as low an ABUht in Vetstat as possible. This might possibly
lead drug manufacturers to aim at releasing predwith a broader dosage interval per kg live
animal allowing farmers the possibility of treatiagimals with a lower dose than specified by the
drug manufacturer, leading to a false low ADD cofdeinsen, 2013). This would lead to skewed
comparisons of ADD both between herds and betwearsy As a consequence the Danish Ministry
of Food, Agriculture and Fisheries has recentlyatigyed their own set of dosage values for
calculating ADD for national reports. This is ddonebe able to report AM consumption
independently of drug manufacturers’ differing necnendations. In the Ministry’s dosage values,
all products with the same active substances isdnge pharmaceutical formulation have the same
dosage value per kg live animal. (Jensen, 2013).

The gold standard dosage value used to calculat®, Abould take differences in dosage regimens
between animal species into account and be adjimteprolongated drugs (Menéndez Gonzalez et
al., 2010). Prolongated drugs work in an extendedber of days after administration and therefore
a does not need to be administered on a daily pas@nymous, 2009).

As shown in table 1 different weight groups withimmal species have been applied between
studies. Decision on which grouping is applied @fealculated ADD.

Calculation example:

100 mL EthacilinVet. containing 300 mg benzylpelmgdrocain/mL for use in finishers — using
Vetstat values for standard weight (15kg(Stegé. e2@03))
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(100mL product * 300mg/mlL)
number of ADD = =40 ADD
15mg/kg * 50kg

If the standard weight for finishers from the Duttdtabase is used instead (70.2 kg (MARAN,
2011)) the calculated ADD changes (assuming thsag® per kg animal is the same in the
Netherlands as used in Vetstat):

(100mL product * 300mg/mL)
number of ADD = = 28,5ADD
15mg/kg *70.2kg

Even though, in both cases, same amount of prddhwe been prescribed for finishers, a direct
comparison between the Danish and the Dutch ADDhiegad to erroneous conclusions, as the
standard weights used are different. To avoid difiees in reporting methods due to different
standard weights, it might be most prudent to beesariable ADDkg- defined as “the average
maintenance dose per kg live animal for the madiication in a specified species”, thus calculating
kg of animal treated instead of number of animaated.

In 2004 Jensen et al. conducted a study to conguema@ge values given in Vetstat with prescribed
dosage values according to a group of Danish veteans, as recommendations given by the
Danish Health and Medicines Authority might notrbpresentative of the actual treatment
regiments used in practice (Jensen et al., 200hen/¢omparing the swine practitioners’
prescribed dosage values with Vetstat's dosageesad% of the investigated antimicrobial groups
deviated <10% from the Vetstat dosage values (2,1/2% deviated with 10-25% (2/26) and 11%
deviated with >30%. In one case (chlortetracycforeoral use) deviated with more than 100%.
This might be because dosage recommendationsisogribup varied with 100% depending on
disease treated (Jensen et al., 2004). It is atdcshow large a percentage of the Danish swine
practitioners participated in the study. Theseifigd are similar to those by Chauvin et al. (2002a)
who found that three out of four antimicrobial gosunvestigated were within the range of the
recommended daily dose as given by Ungemach et alpreviously published study on European
recommendations (Ungemach, 2000; Chauvin et 80220 Estimations of differences between
prescribed daily dose and recommended daily doseyehave improved in both studies if more
veterinarians had been patrticipating (responsematee study by Chauvin et al. was 37% (Chauvin
et al., 2002a)). These findings support the stateiiinat calculated ADD is not necessary a direct
reflection of actual prescription or usage pattenns population.

Prescribed daily doses may diverge from the usdg doses, if treatment practices in the herds
are not in compliance with the veterinarian’s prggons (Nicholls et al., 2001). Pardon et al.
investigated differences between ADD, prescribaly d@ses and used daily doses for group
treatments. They found that number of used daigedavere lower than number of ADD (41.4% of
animals treated per day given in ADD; 37.9% of alsrireated per day when given in used daily
doses) (Pardon et al., 2012).

The measurement unit “used daily doses” is caledlas AM used per animal per day by the
farmer (Callens et al., 2012), The measurement‘uséd daily doses” is recommended by Nicholls
et al., as the data collection happens close tenideuser of the drugs (Nicholls et al., 2001).
Despite this, “used daily doses” poses some ditfees! It relies to a very large degree on the
willingness of the farmer to participate in thedstuif the study is retrospective, also on the
recollection of the farmer, if there are no writtexcords of prior treatments in the herds (Vrijheid
al., 2006; Vieira et al., 2011; Eltayb et al., 2RDIRurthermore there might be a risk of
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misunderstandings, when collecting data on AM udgg@terviews depending on the language
proficiency of the interviewer, where interview® grerformed in several languages (Eltayb et al.,
2012; Kehinde and Ogunnowo, 2013).

4.3 Choice of animal numbers

When reporting AM consumption, it is often desisatd relate the findings to a relevant
population, to estimate percentage of animalsdteper day (MacKenzie and Gould, 2005).
Number of animals, equaling population at risk, barmeasured in several ways e.g. number of
pen places or number of produced animals (Dupoait,€2012) . Choice of measurement unit for
animal number may affect findings, such as diffeesnin AM consumption between years
(Dupont, 2012) and which herds are pointed outaaslg a high AM consumption (Chauvin et al.,
2008). This is especially true for countries witlagge import or export, where consumption may
be given as AM usage per animal produced or pgrokig produced. Not including the export
would lead to skewed results if the animals haceived the majority of their AM in the country of
origin (Jensen et al., 2004; DANMAP, 2011; Anonyrso2012c; Dupont, 2012).

When wishing to assess percentage of animals trgateday, animals at risk, equaling animal
days, must be calculated. The Danish authoritiesgutly use number of pen places, resembling
live animals at any given time, to calculate anideys:

Animal days = Number of pen places * days in period
(Anonymous, 2011b)

This might lead to skewed results, if percentagatéd animals, based on number of pen places, are
compared between herds with a large turnover ohalsi, such as herds with grower facilities and
herds with a lesser turnover of animals such ay th&rds (Merle et al., 2012).

A measurement must be chosen appropriate to tles giwidy design. In a report on AM
consumption in 19 European countries, the Européedticines Agency reported AM consumption
as mg/kg animal present per year (Anonymous, 2@01f2c). This reporting method was chosen
as data from some of the participating countridg mtluded total amounts of kg active compound
AM'’s sold for veterinary use, and no informationwhich animal species were treated. Applying
mg/kg animal present, discrepancies between dosdges selected by the European Medicines
Agency and local dosage values are avoided, theretiging eventual discrepancies between
actual used daily doses and calculated daily deses, as those occurring when applying the WHO
defined DDD in populations where treatment prastideerge from those given by WHO (Dalton

et al., 2007). The disadvantage however is stillb@ing able to correct for dosage values between
species and potency of drugs.

Furthermore, as the European Medicines Agency lzdés1AM consumption based on kg animal
present per year, calculation routines were ingagtd. It was seen, that kg animal present (also
called population correction unit) was calculateceatimated weight at treatment for livestock and
slaughtered animals. It was not possible to disrem the report, how average weight at treatment
was calculated. They also state in the study tit population correction unit is purely a techrlica
unit of measurement, used only to estimate tempaadls in individual countries and across
countries” (Anonymous, 2011f). However, as the populationrection unit is not easily read and
understood, some might make hastened conclusiaesitzm the findings (Grave et al., 2010).

22



10

15

20

25

30

35

40

45

In the study by Vieira et al. AM usage in finishersre investigated. To estimate percentage of
treated animals in herds, animals at risk per dgyaling animal days in study period, was
calculated (table 2). Number of animal days wasuwtated as number of delivered animals
multiplied with average number of days in fattenfagility (112 days) (Vieira et al., 2011).
Percentage treated animals could then be calcutated

number of ADD in period

Percentage animals treated per day =

(Vieira et al., 2011)

delivered animals in period * 112

When calculating animal days in this way, one ndeds aware, that the finishers delivered at the
beginning of the study period might not have reedithe majority of their AM’s in the study
period, and vice versa for the finishers treatetth@tend of the study might not be included in
animals delivered. This may not be a problem, ihbar of animals sent to delivery and AM
consumption patterns are stable throughout theysiadod.

Many studies from around the globe have been phddlislescribing the human AM consumption
and pitfalls arising when attempting to collectadahd evaluate consumption patterns. However
this is not yet the case for veterinary medicinelyQery few articles on AM consumption in
Australia, Africa, Asia, South America and USA wégeated. However there has been an increase
in articles describing the European AM consumptiespecially with regards to the Danish AM
consumption, courtesy of the Danish national dat@béetstat. However no articles have yet been
published validating the data collected in Vetstatdifferent articles were found addressing
different measurement units for reporting veteynak consumption (e.g. kg active compound,
used daily doses, used course dose). Howevertioteamwere found concerning effect of using
different measurements for number of animals onnted AM consumption when calculating
treatment incidence (percentage animals treatedggr neither was any articles found on
relationship between number of animals producedrepdrted AM consumption if animal years
was used as measurement for number of animals.

5 Conclusion

Several methods exist for monitoring and reporfiM consumption. As Chauvin et al (2002b)
relates, pharmaco-epidemiology in the veterinagldfare far behind its’ human counterpart. In
human medicine most studies on drug consumpticortrépeir findings using the WHO
standardized unit DDD. This facilitates comparis@ssthey all use WHO assigned dosage values,
however there might be discrepancies between tmsdge regimens and WHO assigned dosages
(Muller et al., 2006). Therefore DDD is rather ahteical unit than an actual expression of usage
patterns (WHO, 2013a).

National databases, such as Vetstat, are predbethyold-standard for collecting data on national
veterinary AM consumption, as they offer great apyaties to assess AM consumption both at
national level and at herd level. As yet theredssaterinary equivalent to the WHO defined unit
“Defined Daily Doses” used for reporting human doogisumption. Presently AM consumption in
animals is most often reported as “total kg actompound AM” or in DDD-derived units, such as
“Animal Daily Doses.” ADD is as its’ human courpart DDD a technical unit and variations
between AM usage calculated as ADD and actual u@geused daily doses or prescribed daily
doses) exists (Regula et al., 2009). Care mustfibver be taken when reporting AM consumption,
as choice of reporting method may likely affect tliecome. Both chosen measurement unit,
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Reporting antimicrobial consumption in Danish pigs at
national and herd level - effect of calculation met  hods

1 Introduction

During the last decade interest towards monitovietgrinary antimicrobial (AM) consumption has
increased — both at national level and herd lestde et al., 2003; Anonymous, 2012d; SVARM,
2012; Obritzhauser, 2013b; Stolker et al., 2018)s Bs a consequence of several events, including
recommendations by WHO to monitor AM consumptiopiaduction animals (WHO, 2001) and

an increased awareness of correlation between AdMuuption in animals and the emergence of
AM resistance (Aarestrup et al., 2001; Agersg aackstrup, 2013).

Since 2000, data on all veterinary drug use in Damkrhave been collected in the national database
Vetstat according to Danish legislation (Anonymd&]0a). Data includes detailed information
such as receiving herd, animal species and ag® @g®stated in the prescription (Stege et al.,
2003). Recently other countries have also begundwoitor veterinary AM consumption more
closely (Anonymous, 2012c, d). This opens up opputies to compare AM consumption - both
between herds and between countries.

When reporting AM consumption, the most widely used is “total kg active compound” (Regula
et al., 2009; Grave et al., 2010; Eagar et al. 128VARM, 2012). This weight measurement is
easily applicable, comparable between countriesarmmmended by the World Health
Organization (WHO, 2003). However, due to the waege in dosage regimens between animal
species and products, “total kg active compound'sdaot readily reflect actual therapeutic pressure
(Chauvin et al., 2001). To take potency of drugs differences in dosage regimens between animal
species and age into account, AM consumption caepmated as e.g. “Animal Daily Doses”

(ADD) defined as “the defined average maintenammsedor the main indication in a specified
species” (Jensen et al., 2004). But comparing ARNsamption between studies is not without
pitfalls. As Kuster et al. (2008) state®&ports on antibiotic use often lack complete dedims of

the units of measurement, hampering comparisomiaf’dDifferences in registration and/or
calculation methods may affect reported findinged@in et al., 2008; Menéndez Gonzalez et al.,
2010; Pardon et al., 2012).

It is generally agreed upon, that data on AM consion are of more value when related to a
relevant population (Lee and Bergman, 1994; Mackeard Gould, 2005; Ferech et al., 2006;
Anonymous, 2012c). When choosing measurement foramumber (i.e. animal population), it
might be prudent to consider possible effects deutated findings. Choice of animal number, e.g.
number of pigs produced with or without includingerted live pigs, may be of particular
importance when reporting the Danish AM consumptiohoth when evaluating trends over time
and when comparing the Danish usage with othertdesnThis because 1) Danish export of live
growers (usually exported as ~30 kg) increased 186frb 2005 to 2011 (2.7 mio. - 7.6 mio. live
exported growers) and 2) the majority of AM in Daarknare prescribed for growers (>77% of the
total AM consumption for pigs calculated in ADD (pant, 2012)). Hence, most exported pigs
have received the majority of their AM usage in Bxamnk prior to export.

The access to detailed data at herd level haseshétid Danish authorities to instigate the “Yellow

Card’-scheme. The scheme was instigated during 2@di(points out herds where the AM
consumption exceeds 2 x the national average usaggsured as percentage pigs treated per day.
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Herds exceeding defined limits are subjected tesfiand regulations. AM consumption is assessed
on a monthly basis calculating the average AM condion for each age group during the last nine
months reported as “percentage pigs treated pér Begsently the defined limits for percentage
animals treated per day are 5 % for breeding asingdts and suckling pigs, 25% for growers and
7% for finishers (Anonymous, 2013dDercentage pigs treated per day is calculatedebipémish
authorities as:

_ number of ADD prescribed for herd in given period
B animal number in herd * days in given period

(Jensen et al., 2004)

The Danish authorities use number of pen placesupnably resembling live pigs in herd at any
time, as measurement for animal number (Anonym2@&1b). Information on number of pen
places is collected from the national Central Haslog Register (CHR). Since 1993 all Danish
herds have been legally required to register ifGH& (Anonymous, 2011a). All herds are given a
unique identity code (CHR-ID) relating to the geaqgnical coordinates of the herd in question
(Madec et al., 2001). In addition CHR contains aatgroduction type and number of animals
present in the herd (animal species, age groupugiig et al., 1997; Hybschmann et al., 2011). By
law all changes in number of animals must be reploid CHR no later than 7 days after the event
for cattle and once per year for pigsnonymous, 2011a).

If animal turnover is equal for all herds, it migidt pose a problem to use number of pen places as
measurement for animal number. But some herds migliluce more pigs or fewer pigs than the
national average. Not including the herds’ produttimight cause misclassification, when

pointing out herds with a high percentage of treaeimals (Chauvin et al., 2001; Chauvin et al.,
2008). This might especially be true for herds vgtbwer facilities (7-30 kg), where growers are
introduced directly after weaning and then soldye@:.g. at 15 kg). The grower facility is the d&ab
section with the highest animal turnover per pat@l(Hansen, 1993; Udesen, 2002; Vinther,
2012). Furthermore, due to nutritional, environnaéand psychological stressors recently weaned
pigs are more vulnerable to diseases, and therptdemntially more in need of AM treatment than
older pigs (Carroll et al., 1998; Blackwell, 2005).

During an extensive literature search no studyfeasd which investigated effect of chosen
measurement for animal number when reporting p&igeranimals treated (Dupont, 2013a).
Therefore a pilot study was conducted.

The primary aim of this study was to

- describe AM usage for all Danish pigs, focusinglmconsequences of using three
different measurements for number of pigs: 1) Haogs, 2) pigs slaughtered in Denmark,
and 3) pigs produced in Denmark (slaughtered inntegla + number of live exported
growers and finishers), when calculating the natigxM consumption per pig per year
measured as gram AM per pig and ADD per pig. Alsb dsage per kg pork produced was
investigated.

°For herds with more than 300 sows, 3000 finishe®060 growers, information on animal numbers nbestipdated
biannually.
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Secondary aims were investigated in a pilot stuahdacted in a convenience sample from Danish
pig herds, participating in another study. Thesesaivere to

- investigate association between produced growetdiard AM consumption calculated as
percentage growers treated per day using pen pdacegeasurement for animal number
(Variables used: Number of pen places accordirigrtoer; number of produced growers in

2011; AM consumption per herd for 2011 measuretiib)

- investigate if weight when leaving grower facilitygs associated with herd AM
consumption calculated as percentage growers trgateday using pen places as
measurement for animal number.

(Variables used: Number of pen places accordirgrtoer; AM consumption per herd for
2011 measured in ADD; weight of growers when leg\grower facility)

Specific hypotheses investigated in relation toptitet study (using pen places as measurement
for animal number):

1) Herds which produced 6 or more growers (7-30 kg)pee place had a higher AM
consumption, calculated as percentage growersttgegr day, than herds which
produced less than 6 growers per pen place.

(Variables used: Number of pen places accordirfgrtaer; number of produced
growers in 2011; AM consumption per herd for 201dasured in ADD)

2) Herds which sold growers at less than 30 kg hadleeh AM consumption,
calculated as percentage growers treated per luay hterds which sold growers at
30 kg or more.
(Variables used: Number of pen places accordirigrtoer; AM consumption per
herd for 2011 measured in ADD; weight of growerewleaving grower facility)

2 Materials and methods

2.1 AM consumption at national level — effect of ca  Iculation method

2.1.1 Selection of study population and collection of data

To investigate the Danish national AM consumption pigs, data on all AM prescribed from
January 2005 to December 2011 for use in pigs heste collected from Vetstat and analysed
retrospectively. No sample size calculation wagqgoered to calculate number of needed herds, as
data for all Danish herds was accessible througist&fe Data included information on age group
treated according to prescriptiSnquantity of drugs and dosage of drug accordinthéoDanish
Health and Medicines Authority per kg live pig. Babn AM usage reported by pharmacies,
veterinary practitioners and feed mills were inelddEntries were excluded, if an invalid age group
was given (not breeding animals, gilts and suckpigs, growers or finishers), corresponding to
0.87% of the AM consumption measured in kg actioepound per year (1.8% in 2005 to 0.02%

10 Breeding animals, gilts, suckling pigs (Vetstat standard weight: 200 kg); growers 7-30 kg (Vetstat standard weight 15
kg); finishers 30-140 kg (Vetstat standard weight 50 kg) (Stege et al., 2003).
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in 2011). Growers were defined as pigs weighing07k8, with an average weight of 15 kg at
treatment as defined by Vetstat (standard weigltgroivers in Vetstat) and a weight of 30 kg at
export (Aarestrup, 2012).

2.1.2 Quantification of antimicrobial usage
AM usage was calculated as “total kg active compd@amd “number of ADD”.

In Vetstat ADD is defined adlie defined average maintenance dose for the nngication in a
specified speciégJensen et al., 2004). “Number of ADD per yeardsacalculated using Vetstat
procedures (Vetstat values for standard weightsrdoty to age group treated and Vetstat dosage
values as given by product descriptions publishethb Danish Health and Medicines Authority)
(Jensen et al., 2004; Anonymous, 2013b).

Total amount of active compound prescribed per year (mg)

Numb ADD =
umber of per year dosage pr kg live animal * standard weight of animal

2.1.2 Production data
Data on the number of pen places for all Daniski$erere collected from Statistics Denmark.

Data was collected retrospectively from Statistid3iIGMEAT on number of pigs slaughtered in
Denmark, mean slaughter weight and number of lreavgrs and finishers exported from Denmark
produced. Statistics-PIGMEAT data include all pigdivered to Danish slaughterhouses and all
pigs exported live from Denmark. Exported live sawese excluded, as they constituted less than
5% of the total live export (2005: 4.4%; 2011: 1)4A%xported live small growers (<15 kg) were
also excluded (2005: 8.6% of the total live expa@il: 4.8%), as most are exported at 7 kg before
receiving much AM treatment (Aarestrup et al., 2008

2.1.3 Calculations describing AM consumption at nat ional level
AM consumption was calculated for each year as

- total kg active compound divided by number of pates
- total kg active compound divided by number of migightered in Denmark

- total kg active compound divided by number of pgsduced (slaughtered in Denmark +
number of live exported growers and finishers)

- total number of ADD divided by number of pen places
- total number of ADD divided by number of pigs slateyed in Denmark

- total number of ADD divided by number of pigs prodd (slaughtered in Denmark +
number of live exported growers and finishers).
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To estimate AM usage per kg pork produced, canvagght at slaughter was set to 81.8 kg for all
finishers and sows slaughtered in Denmafkinther, 2012). Furthermore the following
estimations were made to account for live expogrofvers and finishers:

Kg pork slaughtered in Denmark + gross live exgbuteight:
Live exported growers and finishers were estim&e®D kg and 81.8 kg produced pork per pig
respectively.

Because exported growers have received the magrttyeir AM usage in Denmark, an adjusted
estimation of kg pork produced was also made.

Kg pork slaughtered in Denmark + adjusted live etgmbweight incl. 10% mortality:

Live exported growers and finishers were estimé&befil.8 kg pork produced per pig. 10%
mortality for exported growers was included to asgdor mortality between time of export and
slaughter. In 2012 average mortality for Danislsfiers was 3.6% (Vinther, 2012).

Mg active compound AM/kg pork produced was themesed as

- total mg active compound divided by kg produceckkmdaughtered in Denmark

- total mg active compound divided by kg producedkmbaughtered in Denmark + gross live
exported weight

- total mg active compound divided by kg producedkmbaughtered in Denmark + adjusted
live exported weight incl. 10% mortality.

2.1.4 Data management and statistics

Data management and calculation of AM usage werfenpeed in SAS Enterprise Guide 4.3 for
Windows. Descriptive variables were depicted ingarplots (Microsoft Excel 2010 for Windows)
and examined by univariate analyses using R 2fb5 \Windows.

Student’s t-test was used to test the differentedsn total AM between years and between mean
AM consumption per pig in year 2005 and 2011.
All levels of significance were set to p< 0.05.

2.2 AM consumption at herd level — effect of calculatio n method

2.2.1 Study design, selection of herds and data col  lection

A pilot study was conducted to investigate 1) asgae association between growers produced per
pen place and reported herd AM consumption andp®saible association between weight when
leaving grower facility and reported herd AM congiion. The project was designed as a cross-
sectional observational study based on a conveaisample. Participating herds all had grower (7-
30 kg) facilities and had participated in anothtedyg (Dupont, 2013b; Stege, 2013), where all
participating herds were randomly selected (listamidom numbers) among a cohort of Danish

! Sows constituted 2% of all pigs slaughtered in Denmark (2009-2012). No data was available on number of
slaughtered sows 2005-2008.
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herds with a significant reduction in AM consumptiollowing the introduction of the Yellow-
Card scheme (Anonymous, 2011b).

Sample size

To examine the primary hypothesis, we assumedtrals producing 6 or more growers per pen
place had an average of 20% animals treated pewhlidg herds producing less than 6 growers per
pen place had an average of 10% animals treatediagetJsing confidence level = 95% and power
= 80%, the necessary sample size was calculatEslttierds in each group (one-sided test).

Inclusion criteria

Only herds with grower facilities and a Health Astwiy Agreement (HAA'’s) were included.

HAA'’s are mandatory for Danish herds of a certame $>300 sows, boars or gilts, >6000 growers
or >3000 finishers. They cover rules on frequenicyeterinary visits, treatment schemes and
management (Anonymous, 20138Jue SPF herd$ (Thomsen et al., 1992; Anonymous, 2013e)
and conventional herds were included, as they ttatesthe two herd types, which produce the
majority of Danish growers (Sgrensen, 2011). Inetuberds had to have more than 200 pen places
for breeding animals and piglets, 500 pen placegrowvers (7-30 kg) or 500 pen places for
finishers (30-110 kg) registered in CHR at th& 8ilDecember 2011, as we wished the study
population to be representative for most Danisli$ién 2011, 75.9% herds had 500 or more pen
places registered in CHR).

Exclusion criteria

Red SPF herds (breeding herds) and free-range Wwerdsexcluded. Herds were also excluded, if
during the study period there had been a changenér, change in grower facilities (new
buildings/tear down of buildings), changes in prctthn type (e.g. from integrated sow herds to
growers only), if the herd had conducted a majsease eradication program, suffered severe
disease outbreaks or changed veterinarian.

Data collection

For the initial study population 650 herds werestdd, as we expected an exclusion of 50% and a
non-response rate of 35% from included herds.

Telephone interviews were conducted with the herd&rinarians and the farmers regarding
inclusion criteria, exclusion criteria and consehparticipation. Information on production of
growers in 2011 was collected through questionsaireluding number of produced growers in
2011, weight when entering and leaving grower figciind number of pen places according to
farmer. Where possible, management reports for 2@t# also collected. Some Danish herds
utilize IT-based management systems (liio://agrosoft.eyhttp://www.bedriftslosning.dy/
Information on herd productivity is entered inte tmanagement system regularly by the farmer.

12 Denmark has 3 main types of herds - free rangeyerttional and Specific Pathogen Free (SPF) -
herds. SPF-herds are enrolled in a strict healtitrabprogram and must be tested for seven
pathogens- Mycoplasma Hyopneumoniae, ActinobaglBsiropneumoniae, toxigenic Pasteurella
multocida, Brachyspira hyodysenteriae, Porcine Raspy and Reproductive Syndrome,
Sarcoptes scabei var. suis and Haematopinus sa@gnous, 2013e). SPF-herds are divided into
two types according to health status and restristid) Red SPF-herds are free of all seven
pathogens and are often breeding facilities. 2gEB&F-herds must purchase pigs from red or blue
SPF herds and status must be known for all sevitlogens.
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The system then enables the farmer to monitor sr@mthe production over time and benchmark
his herd’'s performance e.g. compared to his otbadshor the national average (Stetkaer, 2004).

18.8% was included and wished to participate (122/663.5% was excluded (413/650) and 17.7%

did not wish to participate (115/650).

Data on all AM prescribed for study herd from tiieof January 2011-3%of December 2011 was
collected from a Vetstat extraction done th& 86July 2012. An extract was made on th& 8
December 2011 from CHR for number of pen placeg&mh study herd. Information on variables
from questionnaires was typed twice manually imtd=acel 2010 Microsoft spreadsheet by the
author or student employees. All discrepancies wesestigated and corrected.

Table 1 contains all variables applied in the pstotdy - both collected (national databases,
guestionnaires and management reports) and cadulatiables.

Table 1. Variables collected from included herds.

Variable

Source

Herd type (blue SPF/conventional)

Grower pen places according to farmer 31st of December
2011

Grower pen places according to CHR 31st of December 2011
Produced growers in 2011 (7-30 kg)

Produced growers per pen place

Antimicrobial consumption in 2011 (number of ADD)

Percentage growers treated per day

Average weight of pig when entering grower facility

Average weight of pig when leaving grower facility

Location after leaving grower facility (same herd/other herd
owned by same person/sold to pool/exported/other)

Questionnaire

Questionnaire

CHR

Questionnaire

Calculated: Produced growers/pen places
according to farmer

Vetstat

Calculated: ADD/pen places according to farmer
per day

Questionnaire or management report

Questionnaire or management report

Questionnaire or management report

No significant differences were found between [ herds and conventional herds for the
variables investigated, and they were therefordgabimgether in the following analyses.

2.2.2 Percentage pigs treated per day

Number of animal treatments and animals in herdt ine&nown to calculate percentage of animals
treated per day. Number of animal treatments, tatledi as ADD, was collected from Vetstat and
number of grower pen places in each herd was diyehe respective farmer.
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Number of ADD was calculated according to the \&tptocedures:

active compound prescribed in mg

recommended dosage per day * standard animal weight (15 kg)

Percentage growers treated

ADD prescribed for growers in herd during given period

* 100

P t t ted d =
ercentage growers treated per aay number of grower pen places * days in period

Dosage values were collected from Vetstat. Vetktaage values are derived from detailed product
descriptions published by the Danish Health anditlees Authority (Anonymous, 2013b). If
recommended dosage is stated as a range, dosagdrvaletstat is calculated as the mean value —
e.g. if 0.1-0,05 mL product per kg live weight aains recommended in the product description,
Vetstat dosage value will be 0,075 mL per kg limevaal (Jacobsen, 2013). Standard animal weight
is assigned in Vetstat according to given age grdupeding animals, gilts, suckling pigs (200 kg);
growers (15 kg); finishers (50 kg) (Stege et €03.

Variables used: Number of pen places accordingrtodr; AM consumption per herd for 2011
measured as ADD.

2.2.3 Association between produced growers per pen place and percentage growers treated per day

Number of produced growers per herd in 2011 wasc®ld from questionnaires or management
reports and divided by number of grower pen plasestated by the farmer in the questionnaire.

To test for the association between produced grower pen place and percentage growers treated
per day study herds were divided into two grousetdan the median value of average number of
growers produced per pen place (6 growers per |a@e)(figure 1). High producer herds were
herds producing 6 or more growers per pen placdesmsdproducing herds were herds producing
less than 6 growers per pen place.

0 15 20 25 30 35

Number of herds

5
|

0
L

T T T
0 5 10 15 20 25

Produced growers per pen place

Figure 1. Average number of produced growers per pen plasgudy herds in 2011. Black line:
Normal curve. Purple line: Median 6.2.

Variables used: Number of pen places accordingrodr; number of produced growers in 2011.
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2.2.4 Associaton between weight when leaving grower facility and percentage growers treated per
day

We wished to investigate if weight when leavingweo facility affected reported AM consumption
(calculated as percentage growers treated persiag pen places as measurement for animal
number) since recently weaned growers might be mamee to diseases needing AM treatment,
than older and larger growers (Aarestrup et aD820Weights of growers when leaving the grower
facilities were obtained from questionnaires or agament reports. If weight when leaving grower
facility was not stated in either the questionnair¢he management report, but all produced
growers were kept as finishers until slaughtehangame herd, weight when leaving grower facility
was set to 30 kg (mean weight of Danish pigs & sam grower facility was 30.6 kg in 2012
(Vinther, 2012)).

There seemed to be a relation between producedegsquer pen place and weight when leaving
grower facility when data were plotted in a scatiatr(R=0.30) (figure 2).

|
[}

Produced growers per pen place

Weight when leaving grower facility
Figure 2. Association between average weight when leavioger facility and number of
produced growers per pen place examined in 94 Daimnésds during 2011. Purple line: Median
30.

To test for the association between weight whewimegggrower facility and percentage growers
treated per day, herds were divided into two grage®rding to weight when leaving grower
facility. As the median value for the average weighen leaving grower facilities was 30 kg
(figure 2), this was chosen as separator-value.

- Group 1 —included herds where growers weighedtless 30 kg when leaving grower
facility.

- Group 2 —included herds where growers weighedg36rkmore when leaving grower
facility.

Variables used: Number of pen places accordingnodr; number of growers produced in 2011,
AM consumption per herd in 2011 measured in ADDigheof growers when leaving grower
facility.
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2.2.5 Data management and statistics

Data management and calculation of percentage gsavweated per day were performed in SAS
Enterprise Guide 4.3 for Windows. Descriptive vialgs were depicted in simple plots and
examined by univariate analyses (Excel Microsoftd@ffor windows and R i386 2.15.1 for
Windows).

Prior to analyses, tests for normality were coneldictsing Shapiro-Wilk test for normality.

Student’s t-test was performed to test for diffeesnin means of percentage growers treated per
day between herds producing less than 6 growerpgreplace per year and herd producing 6 or
more growers per pen place per year.

A linear regression analysis was performed to ingate the relationship between percentage
growers treated per day and produced growers peplpee.

Furthermore an analysis of covariance was conduotegst for association between produced
growers per pen places, weight when leaving grdaality and percentage growers treated per
day.

All levels of significance were set to p< 0.05. fdbts and models were conducted using R i386
2.15.1 for Windows.

3 Results

3.1 AM consumption at national level — effect of ca  Iculation method

Data used to investigate national Danish AM condiongdor pigs constituted an average of
300,000 prescriptions per year collected from \&tst

According to Statistics-PIGMEAT there were 4642 pegds in Denmark in 2011 (Anonymous,
2012e). From 2005 to 2011 the total Danish piglpation, including pigs slaughtered in Denmark
+ growers and finishers exported live from Denmarkreased with 14.2% (2005: 25.3 mio. pigs
produced; 2011: 28.9 mio. pigs produced).

During the same period, number of pigs slaughtarékenmark decreased 5.4% from 22.1 mio
pigs in 2005 to 20.9 million pigs in 2011, corresdmg to 85.8% and 71.0% of the total Danish pig
production per year. However, the export of livewgers and finishers increased with 150%, from
constituting 12.6% of the total pig production 005 (3.2 mio.) to 27.7% in 2011 (8.0 mio.).

Of all live growers and finishers exported, groweosstituted 85.2% 2005 (2.7 mio) and 95.2% in
2011 (7.6 mio), equivalent to an increase of 181ib%e export of live growers.

3.2.1 Trends in Danish pigs’ antimicrobial consumpt ion 2005-2011.

Figure 3 shows four different methods of reporting AM consumption, when given in weight of
active compound AM: 1) Total kg active compoundg@m active compound per pen place, 3)
gram active compound per pig slaughtered in Denraack4) gram active compound per pig
produced (pigs slaughtered in Denmark + growersfiarghers exported live from Denmark).
Reporting method 2, 3 and 4 all attempt to adjoistiie number of pigs, when reporting the AM
consumption.
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Calculated as kg active compound per year withdjutsting for number of pigs, the total AM
consumption per year increased with 11.1% from 200009 (2005: 90,332 kg ; 2009: 103,730
kg), with the largest increase being from 2008062 (11.5%; 2008: 93,059 kg). From 2009 to

5 2011 the AM consumption decreased with 21.5% (2811408 kg), leading to an overall decrease
from 2005 to 2011 of 9.9% in the AM consumptionegivas total kg active compound per year
(p<0,001).

Several measurements for number of pigs can béedppthen calculating the AM consumption

10 adjusted for number of pigs. This study investigatensequences on calculated AM consumption
per pig per year when using three different measarngs for number of pigs. Depending on which
measurement was applied, AM consumption/pig/yea feand to be very different. In 2009,
where the largest difference was observed betwalenlated gram AM/pig, the AM consumption
was calculated as 8.3gram AM/ pen places, 5.4 diisthpig slaughtered in Denmark and 3.8 gram

15 AM/pigs produced in Denmark (slaughtered in Denmiagtowers and finishers exported live from
Denmark) as measurement for number of pigs.

From 2008 to 2009 AM consumption/pig/year increaset 10,7% (7.5 gram to 8.3 gram ) ,
21.9% (4.4 gram to 5.4 gram) and 11.1% (4.4 graBi\@@ram) respectively, when using pen

20 places, pigs slaughtered in Denmark and pigs steugghin Denmark + growers and finishers
exported live from Denmark as measurement for nurabpigs.

When comparing 2005 and 2009 the increase in gritipi§/year becomes significantly smaller
when including all produced pigs (including livepexted growers and finishers) than when using

25 number of pen places as measurement for numbeg®{p.5% increase for all produced pigs
compared to 18.3% increase for pen places).

Total kg AM per year gram AM/pig
120000
- 8
100000
\ -7
80000 6
-5
60000
-4
40000 -3
-2
20000
-1
O T T T O
2005 2006 2007 2008 2009 2010 2011
B Total kg active compound prescribed for all Danish pigs —&—gram AM/ pig- pen places
—e—gram AM/pig - slaughtered in DK —+—gram AM/pig -slaughtered in DK + export (excl 0-15 kg)

Figure 3.Danish consumption of antimicrobials (AM) for pR305-2011. Measured in total kg
30 active compound AM and as g AM/pig/year, usingff@idint measurements for animal number.
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Figure 4 shows the total AM consumption measurefll3 per year reported in four ways: 1)
Total ADD, 2) ADD/pen place, 3) ADD/pig slaughteriedDenmark and 4) ADD/pig produced in
Denmark (pigs slaughtered in Denmark + growersfemghers exported live from Denmark). Total
number of ADD increased with 17.3% from 2005 to 202005: 248.3 mio. ADD; 2009: 291.2
mio. ADD). The largest increase in total numbeABD was also from 2008 to 2009 (7.1%). The
AM consumption given as ADD decreased with 25.66mf2009 to 2011 (2011: 224.8 mio.
ADD), leading to an overall decrease from 2005ad220f 1.0% (p<0,001).

The largest difference between calculated ADD/pigtlie three measurements for number of pigs,
was also found in 2009. Here the consumption pewais 23.4 ADD/ pen places, 15.1 ADD/pig
slaughtered in Denmark and 10.7 ADD/pig produceBenmark (pigs slaughtered in Denmark +
growers and finishers exported live from Denmark).

Total ADD per
year (mio) ADD/pig
350 25
\ - 20
250
200 - 15
150 L 10
100
-5
50
0 T T T T T 0
2005 2006 2007 2008 2009 2010 2011
mm Total number of ADD prescribed for all Danish pigs —&— ADD/ pig- pen places
—@— ADD/pig - slaughtered in DK === ADD/pig -slaughtered in DK + export (excl 0-15 kg)

Figure 4. Danish consumption of antimicrobials for pigs 2a0f011. Measured in Animal Daily
Doses (ADD’s) and as ADD/pig/year, using 3 diffén@reasurements for animal number.

Table 2 shows a comparison of the AM consumptigfyear between 2005 and 2010.

The consumption is shown as gram active compoundpfiyear and number of ADD/ pig/year,
using pen places, pigs slaughtered in Denmark aygdgpoduced in Denmark (pigs slaughtered in
Denmark + growers and finishers exported live fidanmark) as measurements for animal
number.

Using the three different measurements for numbprgs, the increase from 2005 to 2010,
measured as gram AM/pig, constituted 12.1%, 17.@é60a3% respectively. When measuring the
AM consumption as ADD/pig the increase was 14.9%0]1% and 3.1%.

A significant increase from 2005 to 2010 was obséyvegardless of whether the AM consumption

was measured as gram AM/pig or ADD/pig, when usiagber of pen places and number of
slaughtered pigs in Denmark as measurement for auoflpigs,. However, no significant increase
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was found, when using pigs produced as measureoremaimber of pigs (pigs slaughtered in
Denmark + growers and finishers exported live fidenmark)

Table 2.Danish consumption of antimicrobial/pig/year measuas gram AM and number of ADD
in 2005 & 2010 using 3 different measurements fomal number.

Year

2005 2010 P-value
g AM/pen places 7,05 8.02 P<0,001
g AM/pigs slaughtered in DK 4.09 4.97 P<0.001
g/AM/pigs slaughtered in DK + live export 3.55 3.56 P=0.58
ADD/pen places 19.4 22.3 P<0.001
ADD/pigs slaughtered in DK 11.2 13.9 P=0.001
ADD/pigs slaughtered in DK + live export 9.6 9.9 P=0.77

Looking at the year 2009, 65 mg AM was used pepdds produced from pigs slaughtered in
Denmark (carcass weight: 81.8 kg). In compariseuage was 55 mg AM/kg pork produced,
when including pigs slaughtered in Denmark + gmesight of exported pigs, and 48 mg AM/kg
pork produced, when estimating kg pork based os glgughtered in Denmark + adjusted live
weight of exported pigs incl. 10% mortality. l.@ngpared to only including kg pork from pigs
slaughtered in Denmark, AM use/kg pork was 16.2% 2n4% lower in 2009 when also including
gross live weight of exported pigs and adjusted \ixeight of exported pigs including 10%
mortality.

When plotting the consumption as gram AM/kg poriduced, on the same graph as live exported
growers, it becomes evident that there is a cdroeldoetween live exported growers and reported
AM consumption calculated both as gram AM/pen plkacg gram AM/pig slaughtered in Denmark
- i.e. not adjusted for the live export. Compar2@§5 to 2009 there was a significant increase for
all three measurement methods in mg AM/kg pork pced. However, including adjusted live
weight for kg live exported pigs incl. a 10% moitigldecreased the percentual difference between
years from 31.4% for mg AM/kg pork slaughtered ienhark and 18.6% for mg AM/kg pork
slaughtered in Denmark + gross live weight expotte®.0% for mg AM/ kg pork slaughtered in
Denmark + adjusted live weight exported incl. 10%rtality (figure 5). There was a significant
decrease from 2005 to 2011 in estimated AM consiamfixiy pork using all three measurements
for kg pork produced.
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Figure5. Antimicrobial (AM) consumption estimated as mg Kdvdork produced/year using three
different measurements for kg produced pork andidugsh export of live growers - 2005-2011.

3.2 AM consumption at herd level — effect of calculatio n method

In this study it was found that herds which proadl6egrowers or more per pen place had a
significantly higher AM consumption measured apetage growers treated per day compared to
herds which produced less than 6 growers per e pFurthermore a significant association was
found between weight when leaving grower facilitglgpercentage growers treated per day when
using pen places as measurement for number of pigs.

3.2.1 Number of grower pen places and growers produ  ced according to farmer

For the 122 participating herds average numbermigr pen places was 2289 pen places
according to the farmers (std. dev: 1526; minim@@; 3naximum 10000).

In 2011 participating study herds produced betw&@hand 63433 growers (mean: 14668; std. dev:
10961) with an average of 6.5 growers producegperplaces (std. dev: 2.6; minimum: 1,
maximum: 26).

3.2.2 Association between produced growers per pen place and percentage growers treated per day

In the 122 participating herds an average of 10g28wers were treated per day, when calculated
using Vetstat defined Animal Daily Doses. This \Ba&% higher than the national average of 9.8%
growers treated per day in 2011 (Vetstat.dk) (stt.6.0; minimum: 0.28; maximum: 33.74). The
participating herds produced an average of 6.4&er® per pen place in 2011 (std.dev: 2.6;
minimum: 1; maximum: 26). The herd which producédyfowers per pen places in 2011 only had
growers from 7-12 kg.

In order to examine the association between produtiany growers per pen place (hence, having
a relatively larger number of young and susceptipienals per year, prone to increased AM
treatment compared with less productive herdsl##participating herds were divided into two
groups based on produced growers. 67 herds weuspepidogether as highly productive heres (
growers per pen place) and 55 herds as less preeinetrds (<6 growers per pen place). In highly
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productive herds, 11% of growers treated per dajevamly 7.5% of growers were treated per day
in less productive herds (p<0.001)

3.2.3 Association between weight when leaving growe  r facility and percentage growers treated per

day

To investigate association between weight whenimgagrower facility (i.e. herds producing young
animals compared to herds producing older aninzaid)percentage growers treated per day, herds
were divided into two groups - 23 herds which pratigrowers smaller than 30 kg and 71 herds
which produced growers at 30 kg or more. Herds yciody smaller growers (<30 kg) treated 13.1%
of growers per day, whereas herds producing laggmrers treated 9.5% per day when calculated
as percentage growers treated per day with peepkx measurement for number of pigs
(P<0.001). Average weight when entering the grdaeitities was 7.6 kg (std. dev: 2.3 kg).
Average weight when leaving the grower facilitiessn80.1 kg (std. dev: 4.8 kg) (figure 6). Weight
when entering grower facility was given for 77 rerd/eight when leaving grower facility was
given for 94 herds.
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Figure 6. Association between weight when leaving growalitiaeand percentage growers treated
per day in 94 herds. Purple line: separator at 30 Blue line: average percentage growers treated
per day among study herds.

An analysis of co-variance (ANCOVA) was conductedeist for association between produced
growers per pen place, weight when leaving groweilify and percentage growers treated per day.
The findings from the earlier tests were supporésdyoth number of produced growers per pen
place and weight when leaving grower facility haglgnificant association with percentage
growers treated per day (P=0.01). However no st interaction between produced growers
per pen place and weight when leaving grower fsoiias found (P=0.99) .

Figure 7 shows the association between producedlegsoper pen place and percentage growers
treated per day in the participating herds. Thel$are furthermore divided into two groups
depending on weight when leaving grower facilitgr@hs producing smaller growers <30 kg and
herds producing larger growers>@0 kg). It is illustrated in the figure that hendiich produce
smaller growers (<30 kg) both have a higher nunolb@roduced growers and a higher percentage
growers treated per day compared to herds whictiugelarger growers at 30 kg or more.
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Figure 7. Association between produced growers per pen @adepercentage growers treated
per day in 94 herds. Study herds (n=94) groupedatiog to weight of growers when leaving
grower facility. Green dots: <30 kg when leavingger facility. Black dots>30 kg when leaving
grower facility.

All variables used in analyses were found to benatly distributed.

4 Discussion

4.1 AM consumption at national level — effect of ca  Iculation method

The findings in this study suggest that chosen oreasent for animal number has a significant
effect on reported AM consumption and not includamgductivity may lead to misclassification.
This is in compliance with results found in studieseffect of chosen measurement unit for
reporting AM consumption- e.g. kg active compouridDA money spent on AM (Chauvin et al.,
2008; Menéndez Gonzalez et al., 2010; Pardon,2@Gl2).

Only reporting AM consumption per pig based oneithen places or number of pigs slaughtered
in Denmark led to the conclusion that there haalzesignificant increase from 2005 to 2010.
However, from 2005 to 2010 number of pigs slaugtiten Denmark decreased from 2005 to 2011
with 8.6% while the export of live pigs increasethwi60%. Thus, when including live export
growers and finishers no significant increase f&005 to 2010 was found in AM consumption/pig.
This finding is in opposition with statements madéhe Danish media and by Kolmos (2010)
(Anonymous, 2010b; Kolmos, 2010; Kristensen, 2013hjs illustrates that different conclusions
can be made, depending on used calculation methadso underlines the need of meticulous
description of used calculation methods (Chauvial.e2002b; Kuster et al., 2008) and relating
reports on drug consumption to as appropriate alptpn as possible (MacKenzie and Gould,
2005; Moulin et al., 2008).
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Under Danish circumstances it might be prudentjos for live exported growers and finishers, as
- besides from having increased with 160% overyads period - the live export also constituted
27.7% of Danish pigs produced in 2011. Furthernesqeorted growers and finishers have received
the majority of the AM before export at 30 kg. Eually, mortality can be set high, to attempt
adjustments for any treatments as finishers. mghidy a 10% mortality was included in adjusted
live weight exported. This is rather conservativety, as the mortality of Danish finishers (30 kg-
140 kg) in 2012 was reported to be 3.6% (Vint@&4,2). It might also be of particular importance
to include live exported growers and finishers whemparing the Danish pig production’s AM
consumption to that of other countries. This miggpecially be true when comparing to countries
which have almost no export of live pigs or whemparing to countries with a large import of pigs
at 30 kg or more (Anonymous, 2012c). Furthermorapleteness and validity of data should be
assessed when comparing AM consumption betweertreggifAnonymous, 2011f; Grave et al.,
2012; Wolff, 2012; Espetvedt et al., 2013).

A correlation was found between exported live gneaand reported AM consumption calculated
both as gram AM/pen place and gram AM/pig slaugittén Denmark - i.e. not adjusted for the
live export. Thus from 2005 to 2009, the increasde exported growers, mg AM/kg pork
slaughtered in Denmark and mg AM/kg pork slaugliténeDenmark + gross live weight exported
are almost alike. When taking the adjusted liveogtqul weight incl. 10% mortality into account,
the increase in mg AM/kg pork produced from 2002@09 constituted only 9% whereas the
increase in AM consumption constituted 31.4% wham®ting consumption as mg AM/kg pork
slaughtered in Denmark.

Since 2009 the consumption has decreased belowottsimption in 2005 regardless of calculation
method. Despite this the export of live animal stitreases. The decrease in consumption may be
due to factors such as the instigation of the “dellCard”-scheme and the increased media
coverage of the AM consumption in the Danish paustry 2008-2011 (Rishgj, 2010; Anonymous,
2011b; Hansen, 2013; Kristensen, 2013a).

In this study the AM consumption was reported ithday active compound and as ADD. This was
done to ensure any trends in consumption were utale.g. shifts from a high consumption of
drugs with a low potency to a high consumption mifgd with a high potency (DANMAP, 2011).
Differences in calculated percentual increasesdaodeases between years were observed between
gram AM/pig and ADD/pig, but no changes in sigrafice level was found. An example of
differences between kg active compound and ADDesobserved 9.9% decrease from 2005 to
2011 measured in total kg active compound, comparéae 1.0% decrease in total number of
ADD during the same period. This is in agreemeith\wiudies conducted by Merle et al. ((2012)
and Menéndez Gonzalez et al. (2010) who also faliffefences between reported AM
consumption when using kg active compound and nmeasant units such as ADD.

4.2 AM consumption at herd level — effect of calculatio n method

It was found that both herds with a high produc{p® growers per pen place) and herds where
growers left the facility at less than 30 kg hagigmificantly higher AM consumption measured as
percentage growers treated per day using pen pdasceeasurement for number of pigs than their
counterparts. No interaction between high prodacéiod weight when leaving grower facility was
identified. This might be due to the fact that wdydhad 122 participating herds (calculated sample
size=157).
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Using pen places as measurement for number ofnhigs calculating percentage pigs treated per
day, might cause herds with a high production ofagars per pen place to be pointed out wrongly
as herds which treat a high percentage of themaisi This is especially true where the herd has a
large turnover of recently weaned animals, assthieen shown that these are more susceptible to
diseases than older animals (Carroll et al., 189@8estrup et al., 2008). Table 3 illustrates an
example of two herds where actual percentage afddegrowers are the same, but when calculating
consumption given as percentage growers treatedgyelbased on pen places, it looks as if though
the high producing herd (herd 1) treats a largecgrgage of their pigs than herd 2. This example
serves to illustrate the difficulties when attemgtto report treatment incidence in a population.

Table 3. Example of consequences of using number of peegl/hencalculating percentage pigs
treated per day.

Pen Produced Number of grower  Actual percentage  Percentage growers treated per day
places- growers per treatmentsinayear growers treated per based on number of pen places
growers year day
Herd 1 100 600 10950 5% 30%
Herd 2 100 300 5475 5% 15%

When collecting data through questionnaires, oaagitsias must be taken into account (Vieira et
al., 2011). This includes skewed results if th@gtoopulation was not representative of the target
population and non-response bias (Edwards et@2;2Houe, 2004). Because the study was based
on herds chosen from a convenience sample of Ipartisipating in another study, more herds,
which had been randomly selected among all Darestiswith growers, are needed to make any
inferences at national level. However the relativegh respondent rate of 82.3% decreases the risk
of non-respondent bias.

A decision was made to use questionnaires for colig information on the study herds’
productions, including number of pen places acowydd the farmer, as some farmers might not
have completely accurate number of pen placestezgsin CHR. This was done even though
information collected through questionnaires ar@exable to recall errors and non-response bias
(Edwards et al., 2002; Vrijheid et al., 2006). Rerimore, it must be taken into consideration that
data derived from management reports are the faroven assessment, and that precision of data
and frequency of data collection might be veryetdéht between herds.

When comparing number of grower pen places inftingysherds according to the farmer with
number of pen places according to CHR for the spoading period, a mean difference of 20%
was found (std. dev: 53.7) corresponding to anayedifference of 344 pen places between
farmer’s statement and CHR (std. dev: 583; minim@mmaximum: 4200) (figure 8). All tests in

the pilot study were conducted using pen placesrdot to the farmer. We also conducted all tests
in the pilot study using number of pen places atiogrto the CHR to investigate if the outcomes
were identical. No test results were significamtifferent between the two methods.
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Figure 8. Difference between number of grower pen placesraarg to farmer and number of pen
places according to CHR for participating herds.

Conclusions

These results show that number of pigs always shoelincluded when reporting the Danish AM
usage. Also, there is an obvious risk of misclasatibn if productivity is not taken into account,
especially in countries such as Denmark where xper¢ of live growers and finishers constituted
27.7% of the total national pig production in 20Whether changes in AM consumption over years
were significant or not, were found to be affeddydhosen measurement for number of pigs.
Furthermore the increase in estimated mg AM/kg podduced was found to be amplified, when
exported live pigs were not included. The authggsasts that adjusted live exported weight
including 10% mortality should be used when estingakg pork produced for countries where pigs
are exported at 30 kg or more and receive the nbajmirtheir AM below 30 kg.

In the pilot study it was found that both herdshaathigh productior>6 growers per pen place)

and herds where growers left the facility at Iéss1t30 kg had a significantly higher AM
consumption measured as percentage growers tneatelhy using pen places as measurement for
number of pigs than their counterparts. This mgggest that “number of pen places” is not the
most ideal measurement for number of animals whparting actual treatment incidence, if herds
in the study population have large differencesrodpctivity.

This study underlines the importance of considecimgsen reporting method (Chauvin et al., 2008;
Berrington, 2010) and ensuring the same calculatiethods have been used, when attempting to
compare AM consumption between studies. Furtherpvdnen evaluating AM consumption it

must be remembered that ADD is a technical uniigthesl for pharmaco-epidemiological purposes.
It does not necessarily reflect actual used daksssén et al., 2004). This problematizes the fact
that Danish authorities use the term “percentagealn treated per day” when referring to ADD
per 100 animals per day based on number of peeglétomight be difficult for the average
consumer to understand that a treatment incideh8eA®D per 100 animals per day is not
necessarily the same as the statement “5% ofgsl anie treated every day”.

Presently plans are under way to expand the stogylation from the pilot study.
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Sources on

3 ] Number of herds ] 3 Measurement
Author, Year Country Study design Study population in study Sampling gg?:umptlon units used
Retrospective National Total kg active
Danmap, 2011 Denmark longitudinal All Danish herds All Danish herds All Danish herds compound,
. databases
observational study ADD
The Retrospective National Total kg active
MARAN, 2009 longitudinal All Dutch herds All Dutch herds All Dutch herds compound,
Netherlands : databases
observational study ADD
Retrospective e C .
Viera et al., 2011 | Denmark longitudinal Danish finisher All Danish finisher All Danish herds National ADD
. herds herds databases
observational study
Retrospective German live stock Lacking information- 99 Veterinarian Kg active
Merle et al., 2012 | Germany longitudinal 65 live stock herds ng ' compound,
. herds practices contacted farmer .
observational study daily doses
Kg active
Menendez Prospective Convenience samoling for compound,
Gonzalez et al.,, | Switzerland longitudinal Swiss dairy herds |97 herds h pling Farmer used daily
. erds
2010 observational study doses,used
course doses
Retrospective Randomly selected herds from :
Callens etal., Belgium longitudinal Belgian pig herds |50 pig herds Belgian production animal Farmer ADD, used daily
2012 . > : doses
observational study registration database
: Retrospective Randomly selected herds from :
Timmerman et Belgium longitudinal Belgian pig herds | 50 pig herds Belgian production animal Farmer ADD, used daily

al., 2006

observational study

registration database

doses

Table 1. Examples of calculation routines and cid@ised for selection of study population frondsts applying calculation methods
derived from the WHO defined DDD. ADD=Animal dailyses
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Author, Calculg— Calculated as Dosagevalues from Sl Calculated as
Year ted unit reported as
Danmap, ADD active compound prescribed in mg Danish Health and Ar?)lglljl?:igd/ ADDs prescribed per year
2011 recommended dosage per day * standard animal weight| Medicines Authority Sear Animals produced per year (slaughter + live export
MARAN, ADD active compound prescribed in mg Not gi ADD/animal ADDs prescribed per year
2009 recommended dosage per day * standard animal weight otgiven year Animals present (resembling pen places)
. , . . . Y. ADDs prescribed in period

Vieraet | - active compound prescribed in mg Danish Health and Treatment S (delivered finishers i T+ Fatteni —
al., 2011 recommended dosage per day * standard animal weight| Medicines Authority incidence rate (delivere fmflggs in period * fattening perio
Merle et | Daily active compound used in mg Summary of product (Ijjc?;lgslanimal number of daily doses
al., 2012 |doses recommended dosage per day * standard animal weight | Characteristics year population size (respective sum of herd’'sanimals)

Used active compound used inm
Menende | gajly T y p* T k2 Y Farmers Treatment
é I doses used dosage per aay * standard animat wetg incidence of number of used course doses 100

onzale *
d . .

zetal, |Used active compound used in mg gzgescourse animal years at risk (1)
2010 course - - Farmers

doses used dosage per course * standard animal weight

activecompoundusedinmg Belgian Compe_nt_jium for

ADD - Veterinary Medicines and Treat i

Callens recommendeddosageperdayperkgpig drugs’ instruction leaflets in::eigemngg of activecompoundusedinmg .+ 100
ADD/used —
2012 daily active compound used in mg dail (lij(s)ges UDDorADD kg)”* daysatrisk(2) « kgpig
- Farmers y

doses used dosage per day per kg pig

(UDD)

ADD aCtivecompoundusedinmg \B/gltglr?:asyomepglrc]:?rzlg: ;ﬁ:j T activecompoundusedinm
Timmer- recommendeddosageperdayperkgpig publications from BCPI (3) inlg(?;mnsgtof — P 9
man et Used ADD/used UDDorADD (k_gg) * observation period * kgpig(4)
al., 2006 daily active compound used in mg' Farmers daily doses %100

doses used dosage per day per kg pig

Table 1.Continued.(1)No calculation method givei ¢2al lifetime of finishers (3)Belgian Centre #@harmacotherapeutic Informaton(4) number of
animals in observed group/median body weight attiment.
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