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Executive Summary

In November 2002, the World Health Organi zation
(WHO) convened anindependent, multidisciplinary,
international expert panel to review the potential
consequences to human health, animal health and
welfare, environmental impact, animal production, and
national economy resulting from Denmark’ sprogram for
termination of the use of antimicrobial growth promoters
infood animal production, particularly swineand broiler
chicken.

Through voluntary and regulatory action,
antimicrobia growth promoterswere withdrawn from use
incattle, broilersand finisher pigsin February 1998. Use
inweaner pigsceased inthefollowing year. Virtually no
antimicrobial growth promotershave beenusedin
Denmark sincetheend of 1999.

Most information for thereview was provided at the
International Invitational Symposium; Beyond
Antimicrobial Growth Promotersin Food Animal
Production, held 6-7 November 2002 in Foulum, Den-
mark, and in meetingswith national experts8-9 Novem-
ber 2002. Thiswas supplemented where necessary by
additional published and (rarely) unpublished data.

Impact of antimicrobial growth
promoter termination on usage of
antimicrobials

Overdl, antimicrobial useinfood animalsin Den-
mark has been reduced substantialy following the
discontinuation of antimicrobia growth promoters. This
has resulted in both reductionsin the total amount of
antimicrobials used and in the average duration of
exposure of animal sto antimicrobials. Onanational
basis, the quantity of antimicrobialsusedinfood
animalsin Denmark has declined 54% from the peak in
1994, (205,686 kg) to 2001 (94,200kg). Prior to
antimicrobia growth promoter termination, most pigs
and broilerswere exposed to antimicrobialsfor most of
their lives, while after termination the average use of
antimicrobia sdeclined to 0.4 daysin broilers(life span
usually about 42 daysto 2kg), and 7.9 daysin pigs (life
span usually about 170 daysto 100kg).

Termination of antimicrobial growth promotersin
pigsresultedinincreasesin therapeutic use of some
antimicrobialsthat are a so used in humans(e.g.
tetracycline, penicillins, macrolides), however use of
other drugs of importance to humans (e.g.
cephal osporins, fluoroquinolones) was unaffected, and
total therapeutic usein 2000 and 2001 wassimilar to
1994, the peak year of therapeutic use before any
antimicrobia growth promoterswereterminated.
Therapeutic use in poultry appeared to be unaffected by
antimicrobia growth promoter termination.

WHO/CDS/CPE/ZFK/2003.1

Impact of the termination of
antimicrobial growth promoters on
antimicrobial resistance

Extensive data were available that showed that the
termination of antimicrobial growth promotersin Den-
mark hasdramatically reduced thefood animal reservoir
of enterococci resistant to these growth promoters, and
thereforereduced areservoir of genetic determinants
(resistance genes) that encode antimicrobial resistance
to severd clinically important antimicrobial agentsin
humans. Although clinical problemsin humansrelated to
resistanceto antimicrobial growth promoterswererarein
Denmark before and after termination, the principal
public health goal of antimicrobial growth promoter
termination wasto reduce resistancein thefood animal
reservoir in order to prevent such problemsfrom
emerging.

Datafrom healthy humanshowever arerelatively
sparse on which to assess the effect of the termination
of antimicrobial growth promoters onthe carriage of
antimicrobial resistant bacteria. Thereissomeindication
that termination of antimicrobial growth promotersin
Denmark may be associated with adeclineinthe
prevalence of streptogramin resistanceamongE
faeciumfrom humans. Thereisalso anindication that
the termination may be associated with anincreasein
resistance among E. faecalisto erythromycin (amacro-
lide), which may reflect anincreaseinthetherapeutic
useinpigsof tylosin (another macrolide). However, it
should be noted that erythromycin is not avery
important antimicrobial for thetreatment of enterococcal
infectionsin humans; preferred drugsincludeampicillin,
amoxycillin, vancomycin, streptogramins (forE.
faecium), andlinezolid. Further larger studiesare needed
to determine how much of an effect the discontinued use
of antimicrobial growth promotersin Denmark will have
onthecarriage of antimicrobial resistanceinthe
intestinal tract of humansin the community.

Theantimicrobia growth promotersthat were used
in Denmark were active mainly against Gram-positive
bacteria(with the exception of the quinoxalines).
Therefore, direct effectsof thetermination of growth
promoterson resistancein Gram-negative bacteria(e.g.
E. coli, Salmonella) were neither expected nor observed.
Itisprobable, however, that termination of antimicrobia
growth promotershad anindirect effect on resistanceto
tetracycline resistance among Salmonella Typhimurium
because of anincreasein therapeutic tetracyclineusein
food animals. Theclinical consequence of increased
tetracyclineresistanceis, however likely to beminimal
for the therapy of Salmonellainfections. Thisis
because patients with gastroenteritis are unlikely to be
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treated empirically withtetracycline(andtetracyclineis
no longer used to treat persons with diagnosed Salmo-
nellainfectionsin Denmark). Increased tetracycline
resistance among Salmonellaisthereforenot likely to
result in ineffective treatment of Sal monellainfections.
Increased tetracyclineresi stance among Salmonella
may result in additional human Salmonellainfections,
however, since personswho taketetracyclinefor other
reasonsareat increased risk of becoming infected with
tetracycline-resistant Salmonella.

Impact of the termination of
antimicrobial growth promoters on
human health (other than resistance)

Overal, termination of antimicrobia growth
promoters appears not to have affected the incidence of
antimicrobial residuesinfoodsor theincidence of
human Salmonella, Campylobacter, or Yersinia
infectionsin humans. These arethe major zoonosesin
Denmark that may be associated with consumption of
pork and poultry. In an industry aggressively pursuing
successful Salmonellareduction strategies,
antimicrobial growth promoter termination appearsnot
to have affected the prevalence of Salmonellain pig
herds, pork, broiler flocksand poultry meat, or the
prevalence of Campylobacter in poultry meat.

Impact of the termination of
antimicrobial growth promoters on
animal health (morbidity) and welfare

In swine, therewasasignificant increasein
antimicrobia treatmentsfor diarrheain the post-weaning
period after thetermination of antimicrobial growth
promoters. A less pronounced and transient increasein
antimicrobial treatment for diarrheawasal so observedin
finishers. Inbroilers, necrotic enteritiswasat most a
minor broiler health problem following thetermination of
antimicrobial growth promoters, largely because
producers continued to use ionophoresfor the
prophylaxisof necrotic enteritisand coccidiosis.

Impact of the termination of
antimicrobial growth promoters on the
environment

There was no evidence of any adverse
environmental effectsdueto thetermination of
antimicrobia growth promoters, althoughthereisvery
little data avail able with which to make an assessment.
Theeffectsof antimicrobial growth promoter termination
on total nitrogen and phosphorus output in animal
manure appear to be negligible. Available nationd data

indicatethat surpluses of these nutrientsfrom
agriculture continued to declinefollowing termination.

Impact of the termination of
antimicrobial growth promoters on
animal production

Thetermination of antimicrobial growth promoters
resulted in someloss of productivity, primarily in
weaners. There has been no mgjor effect of the
antimicrobia growth promoter terminationon
productivity or feed efficiency infinishers. The
economic effectsof theantimicrobia growth promoter
termination on the pig producer would have been
variable and presumably may haveincluded some or all
of thefollowing: costsassociated with modifications of
the production systemsto increase pig health,
decreased feed efficiency, reduced growth rateand
increased mortality in weaners, increased use of
therapeutic antimicrobialsand costs associated with
purchasing alternativesto antimicrobia growth
promoters. Some of these costs (e.g. increased
therapeutic antimicrobials, reduced growth rate) have
been measured and were not large, but others, especially
some costs associ ated with modifications of the
production systems, are difficult to measureand were
not included in this report, although they may have been
substantial for some producers. These costs would have
been at least partialy offset with savings associated
with not purchasing antimicrobial growth promoters.
Overall, total volumeof pork productionin Denmark
continued to increasein the period following the
termination of antimicrobia growth promoters.

Based on avail able data, the effects of antimicrobial
growth promoter termination on poultry production
appear to be small and limited to decreased feed
efficiency (-2.3%) that isoffset, in part, by savingsinthe
cost of antimicrobial growth promoters. Therewereno
changesinweight gain or mortality in broilersthat
appeared to berelated to the termination of antimicrobial
growth promoters.

Economic impacts of the termination of
antimicrobial growth promoters in Den-
mark

The net costs associated with productivity losses
incurred by removing antimicrobia growth promoters
from pig and poultry production wereestimated at 7.75
DKK (1.04€) per pig produced and no net cost for
poultry. Thistrandatesinto anincreasein pig
production costs of just over 1%. Some of these costs
(e.g. increased therapeutic antimicrobial's, reduced
growth rate) have been measured and were not large, but
others, especially some costs associated with

WHO/CDS/CPE/ZFK/2003.1
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modificationsof the production systems, aredifficult to
measure and were not included in thisreport, although
they may have been substantial for some producers.
Resultsfrom using agenera equilibrium model of the
Danish economy suggest that, as aresult of this change
in costs, pig production would be around 1.4% per
annum lower than might be expected and poultry
production 0.4% per annum higher due to termination of
antimicrobia growth promoters. Thelatter resultis
because poultry production isacompetitor to pig
production both for inputs and consumption and so
indirectly benefitsfrom lower pig production. The

overd | estimated impact for the Danish economy of
antimicrobial growth promoter terminationisareduction
of 0.03% (363 million DKK (48 million€) by 2010at 1995
prices) inreal Gross Domestic Product (GDP).

Any additional cost to production and the national
economy may be, at least partially, offset by the benefits
of increased consumer confidencein, and demand for,
Danish pig and poultry mesat produced without
antimicrobial growth promoters. Alsoto beset against
the cost arethelikely human health benefitsto society
of antimicrobial growth promoter termination.

Applicability to other countries

The consequences of antimicrobial growth promoter
terminationin other countries should be broadly similar
to Denmark, but may vary in some respects depending
on the health status of animalsand prevailing animal
husbandry conditions. In addition, the effects of
termination on disease and productivity may vary
depending onthetype of antimicrobias(e.g.
pharmacol ogical properties, spectrum of activity against
bacteria) that are currently used in acountry. The
economic effectswill depend upon several factors
including the effects on performancelevels, the cost of
any technol ogies adopted to compensate for the
termination of antimicrobial growth promoters, and these
costs may be offset by the benefits of increased
consumer confidence and public health.

Conclusions

Internationally, there has been considerable
specul ation about the effects of antimicrobial growth
promoter termination on efficiency of food animal
production, animal health, food saf ety and consumer
prices. These issues have been addressed in the
“Danish experiment*, and there have been no serious
negative effects. We conclude that under conditions
similar to thosefound in Denmark, the use of
antimicrobial sfor the sole purpose of growth promotion
can bediscontinued. Denmark’ s program to discontinue
useof antimicrobial growth promotershasbeenvery
beneficial in reducing thetotal quantity of antimicrobials

WHO/CDS/CPE/ZFK/2003.1

administered to food animals. Thisreduction
corresponds to asubstantial decreasein the overall
proportion of individual animalsgiven antimicrobials,
and in the duration of exposure among animalsgiven
antimicrobials. Thisrepresentsageneral changein
Denmark from continuoususe of antimicrobialsfor
growth promotion to exclusive use of targeted treatment
of specific animalsfor therapy under veterinary
prescription. The program has also been very beneficial
inreducing antimicrobial resistanceinimportant food
animal reservoirs. Thisreducesthethreat of resistance
to public health. From aprecautionary point of view,
Denmark’ sprogram of antimicrobial growth promoter
termination appearsto have achieved its desired public
health goal.

The phasing out of antimicrobia growth promoters
was done without major consequences. Under Danish
conditions, the negativeimpacts of antimicrobial growth
promoter termination arelargely attributabletotheir
disease prophylaxis (i.e. disease prevention) properties,
with no effect on growth in broilersand only asmall
effect on growthin pigs. In pigs, where most
antimicrobia swere used in Denmark, antimicrobial
growth promoter termination was associated with a
reduction in growth rate and an increasein mortality and
diarrhoeain weaners, but these changes were not
detectablein finishers. Many of these effectswere
probably dueto termination of olaguindox and carbadox.
Even if the pig industry had not decided to voluntarily
ceaseantimicrobial growth promoter usein 1998/99,
olaquindox and carbadox would till have been
withdrawnin 1999 by EU regulation over concernsabout
potential toxicity to humansfrom occupational exposure.
Theother antimicrobial growth promotershavelittleor
no activity against the gram-negative bacterial infections
believed to be most important in post-weaning diarrhea
of pigs (tylosin may have activity against Lawsonia, but
it was banned as an antimicrobial growth promoter by
theEU in 1999). Therefore, evenif there had beenno
voluntary discontinuation of antimicrobia growth
promoter use, other solutionsto the problem of
increased post-weaning diarrhea would have been
needed. Infinisher pigs, antimicrobial sdid not appear to
have these disease prophylaxis benefits and
discontinued antimicrobial growth promoter usewas not
associated with asustained increasein morbidity or
mortality. Inbrailers, antimicrobial growth promoter
termination was not associated with increasesin
morbidity and mortality, however, ionophores (adrug
class not used in humans) were used routinely in feed to
prevent the parasitic disease coccidiosis, and this
probably also provided some protection against the
bacterial disease necrotic enteritis. Savingsin
antimicrobial growth promoter costslargely offset losses
infeed efficiency inbroilers.
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Introduction

Inthe context of the“WHO Globa Principlesfor the
Containment of Antimicrobia Resistancein Animals
Intended for Food*, and with a focus on swine and
broiler chicken, the objectivesof thereview panel were:

» Toassesstheimpacts of the termination of
antimicrobia growth promoterson:

- Usageof antimicrobialsand antimicrobial
resistancein bacteriain animals, food and
humans;

- Animal production;

- Animal health and welfare, human health and
environmental impact

» Todiscusstheimplicationsof termination of
antimicrobial growth promotersfor other countries
including developing countries

Preamble

Asaresult of the growing concern of theimpact of
antimicrobials used in animals on human health and food
safety, the World Heal th Organi zation (WHO) published
the WHO Global Principlesfor the Containment of
Antimicrobial Resistancein AnimalsIntended for Food
(Global Principles) in June 2000 (WHO, 2000). Previoudly
therisksregarding the use of antimicrobialsin food
animalswerediscussed in WHO meetingsin Berlinin
1997 (WHO, 1997) andinameetingin Genevain 1998
(WHO, 1998). Oncetheareasof particular concernwere
identified, WHO proceeded into publishing the Global
Principles. Theseareapart of theWHO Global Strategy
for Containment of Antimicrobial Resistance (Globa
Strategy) released in 2001 (WHO, 2001). Theissueof
monitoring the use of antimicrobialsinfood animalswas
specifically addressedinaWHO meetingin Odoin 2001
(WHO, 2002). Thelnternational Invitational Sympo-
sium; Beyond Antimicrobial Growth Promotersin Food
Animal Production in Foulum, Denmark, in November
2002 and thisresulting document are astep towards the
implementation of recommendati onsof the Global
Principles.

Antimicrobial resistanceisamultifactorial problem
and thus requires amultidisciplinary approach. In this
document the potential consequences to human health,
animal healthand welfare, environmental impact, animal
production, and national economy resulting from
Denmark’ s program for termination of the use of
antimicrobia growth promotersinfood animal
production, particularly swineand broiler chicken, was
reviewed by an independent, multidisciplinary, interna-
tional expert panel, and results of that review are
described in this report.

The outcome has been intended to develop, inthe
relation to the Globa Principles and where appropriate,
recommendations for further improvement of national
implementation strategiesfor the containment of
antimicrobial resistance, implementation of the Global
Principles, and to support other countriesintheir
endeavors to establish programs towards prudent use of
antimicrobialsinfood animals.

Chronology of events and
infrastructure in Denmark

May 1995, Denmark banned the antimicrobial growth
promoter avoparcin, amember of the glycopeptide
class of antimicrobials, in response to concernsthat its
use contributed to the creation of an animal reservoir
of glycopeptide-resistant enterococci (vancomycin
resistant enterococci or VRE), which posed a potential
risk to public health.

December 1997, The Commission of the European
Union banned avoparcinin al European Union member
states.

January 1998, Denmark banned the antimicrobial
growth promoter, virginiamycin, a member of the
streptogramin class of antimicrobials, in response to
concerns that its use contributed to creation of an
animal reservoir of streptogramin-resistant
Enterococcus faeciumwhich posed a potential risk to
public health.

February 1998, The Danish cattle and broiler chicken
industries voluntarily stopped the use of all
antimicrobial growth promotersin response to
consumer concerns that the use of antimicrobial
growth promoters posed a potential risk to public
health. At thistime, the Danish swine industry aso
voluntarily stopped the use of all antimicrobial growth
promotersin pigs over 35 kg (finishers).

July 1999, The Commission of the European Union
banned another four antimicrobial growth promoters,
tylosin, spiramycin, bacitracin and virginiamycin,
because they belonged to classes of antimicrobial
drugs also used in human medicine.

September 1999, The Commission of the European
Union banned another two antimicrobial growth
promoters, olaquindox and carbadox, in response to
concerns of toxicity to humans from occupational
exposure.

WHO/CDS/CPE/ZFK/2003.1
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December 1999, The Danish swineindustry voluntarily
stopped the use of all remaining antimicrobia growth
promotersin pigs under 35kg (weaners).

In 1995 the Danish Ministry of Food Agricultureand
Fisheriesand the Danish Ministry of Health jointly
sponsored the establishment of the Integrated
Antimicrobial Resistance Monitoring and Research
Programme (DANMAP). DANMAP, whichincludes
pathogenic and indicator bacteriasampled from animals,
food and humans, has reported annual resistance
preva encedataeach year since 1996. DANMAP
furthermore collects and reportsdataon antimicrobial
usage from animals and humans.

In 1997, the Ministry of Food Agricultureand
Fisheriesfunded afour-year research programme, at the
Danish Veterinary Institute and the Danish Institute of
Agricultural Sciencesto investigatethe effects of the
discontinuation of the use of antimicrobial growth
promotersin Danish animal husbandry, and to promote
researchin aternativesto antimicrobial growth
promoaters.

On 6-7 November 2002, aninternational invitational
symposium“Beyond Antimicrobia Growth Promoters'
was held at the Danish Institute of Agricultural Sciences.
A total of 140 participantsfrom 12 different countries
participated in the symposium, which had 32 scientific
presentationsin 6 scientific sessionswith thefollowing
headings:

- Effectsof thetermination of antimicrobial growth
promoter use on bacterial resistanceto antimicrobials

- Effectsof thetermination of antimicrobial growth
promoter use on animal welfareand productivity

- Consequencesof termination of antimicrobial growth
promoter usefor animal health and the use of
antimicrobialsinfood animalsfor therapy and
prophylaxis

- Effectsof thetermination of antimicrobial growth
promoter use on food pricesand the competitiveness
of agricultura industries

- Consequencesof termination of antimicrobial growth
promoter usefor the environment

- Alternativesto the use of antimicrobial growth
promoters

TheWorld Health Organi zation (WHO) organized an
independent expert review of the Danish experiencesin
conjunction with the symposium. The review panel
consisted of the following experts (In alphabetical
order, see Annex 2):

Dr. Fred Angulo, Centersfor Disease Control and
Prevention, Atlanta, USA

WHO/CDS/CPE/ZFK/2003.1

Dr. Richard Bennett, The University of Reading,
Reading, England

Prof. Peter Collignon, The CanberraHospital, Canberra,
Austraia

Dr. Andrzej Horszowski, Nationa V eterinary Research
Institute, Pulawy, Poland

Dr. Defali, ChinaAgricultural University, Beijing, China

Prof. Scott McEwen, University of Guel ph, Guelph,
Canada(Chairman)

Prof. Eric Mitema, University of Nairobi, Nairobi, Kenya
Prof. Jim Pettigrew, University of Illinais, Illinois, USA

Prof. David Taylor, University of Glasgow, Glasgow,
Scotland (Rapporteur)

Prof. Martin Wierup, University College Dublin, Dublin,
Ireland
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Expert Reviewer’s Report

Our review took place 8-9 November 2002 in Foulum,
Denmark. We worked as a single group throughout and
based our review on the national experts' working
papers (listed in the bibliography), the oral presentations
during the symposium and athree-hour meeting with the
Danish national expertsonthemorning of the 8™
November. We point out that the national expertswerein
aposition to give overviews and summaries using
national average data. It is apparent that these
overviews may not always have revealed or highlighted
specific effectsonindividual producers, nor thefull
range and types of effectsexperienced. For example, in
weaner pig production (described below) itislikely that
some producersexperienced substantial problems
resulting fromtermination of antimicrobial growth
promoters, whileothersexperienced few or no problems,
most likely aresult of the prevailing statusin manage-
ment, housing and exposure to disease agents and
perhapsalso of anaturally-occurring biological range of
variability.

Our review focused almost entirely on effects of
antimicrobia growth promoter terminationin pig and
broiler production. Thevast mgjority of antimicrobial
growth promoterswere used in these industries, and
theseindustrieswere the subjects of nearly all the
monitoring and associ ated research. Some, but not all of
the data presented to us were subjected to statistical
analyses, and where appropriate we draw attention to
results of these analyses.

Demographic data

IN 2001, Denmark had apopulation of 5.35million
people. Although Denmark imported 27% of itspoultry
and 10% of pork, overall, Denmark isanet exporter of
both poultry and pork (approximately 50% of poultry
production and 80-85% of pork production).

Broilersand pigsareraised intensively in Denmark.
Morethan 130 million broilersare produced annually
andtypically, broilersareraised using “ al-in-all-out”
(AIAO) management and barns are cleaned and
disinfected between flocks (Tornoe, 2002).
Approximately 13,500 pig producersraise22.5million
pigsannually and 95% are daughtered in two farmer-
owned cooperative slaughterhouses (Callesen, 2002).
Most new pig facilities use AlAO management and
approximately 22% of pigsdaughtered areraisedin
specific-pathogen-free (SPF) or similar facilities (Baekbo,
2002).

Impact of the termination of
antimicrobial growth promoters on
usage of antimicrobials

Data

Antimicrobial usedatafrom thefollowing sources
were presented at the meeting and included in this
report: (1) Danish national surveillance(DANMAP,
including VETSTAT) (Bager et. d, 2002); (2) aresearch
study on selected swinefarmsin Denmark (Larsen,
2002), and (3) asurvey of thequantitiesof antimicrobials
used in European Union countries (EMEA, 1999). We
also used datafrom DANMAP and the Federation of
Danish Pig Producers and Slaughterhouses (Rgnn and
Jacobsen, 1995) toidentify trendsin usageof oral
antimicrobial sin Danish pig production 1986-2001.

1. Danish national surveillance

The Danish Integrated Antimicrobial Resistance
Monitoring and Research Programme (DANMAP)
conductssurveillance on antimicrobial useinanimals
and humansin Denmark. Thesedataare collected from
several sources and summarized in annua reports. The
DANMAP annud reportsfrom 2000 and 2001 were
utilized during the review. Detailsonthe DANMAP data
collection methodsfor antimicrobial useinanimalsand
humans arelisted in the annual reports. These reports
also contain summariesof the quantitiesof antimicrobial
agents used, including quantities used as antimicrobial
growth promoters, coccidiostats, therapeutic
antimicrobialsin animals, and therapeutic antimicrobials
in humans.

Antimicrobial growth promoters

DANMA P receivesdatafrom the pharmaceutical
industry on the quantities of antimicrobial growth
promoterssoldin Denmark. A summary of thequantities
of antimicrobia growth promoters, inkilogramsof active
ingredient, soldin Denmark from 1990 to 2001 isshown
intable 1.

WHO/CDS/CPE/ZFK/2003.1
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Table 1. Usage of antimicrobial growth promotersin Denmark 1990 to 2002 (kg active compound) (Danmap

2002).
Antibiotic group Growth promoter 1990 1992 1994 1996 1998 1999 2000 2001 2002
Bacitracin Bacitracin 3,983 5,657 13,689 8,399 3,945 63 na) - -
Flavofosfolipol Flavomycin 494 1,299 77 18 6 665 n 11 15 b)
Glycopeptide Avoparcin 13,718 17,210 24,117 - - - n -
lonophores Monensin 2,381 3,700 4,755 4,741 935 n

Salinomycin 12 - 213 759 113 n
Macrolides Spiramycin -a) - 95 15 0,3 - n

Tylosin 42,632 26,980 37,111 68,350 13,148 1,827 n
Oligosaccharides Avilamycin 10 853 433 2,740 7 91 n 3
Quinoxalines Carbadox 850 7,221 10,012 1,985 1,803 293 n

Olaquindox 11,391 21,193 22,483 13,486 28,445 9,344 n
Streptogramins Virginiamycin 3,837 15,537 2,801 5,055 892 - n
Total 79,308 99,650 115,786 105,548 49,294 12,283 n 14 15

a) n = not monitored, assumend to be zero

b) Sold to an exporting feed mill company and a farm near the border to Poland/Germany (pigs treated are presumed exported for

slaughter)

Antimicrobial growth promoters were withdrawn from use in cattle, broilers and finisher pigs in February 1998. Use in weaner pigs
ceased in the following year. A small quantity (14 kg), however, of EU-approved antimicrobial growth promoters was used in 2001 for

the purpose of growth promotion.

Coccidiogtats

Coccidiostatsare primarily used in chickensand
turkeysin Denmark. Prior to 2001, DANMAPreceived
datafrom the Danish Plant Directorate on the quantities
of coccidiostatssold in Denmark. In 2001, these data
were obtained through VETSTAT. The quantities of
coccidiostats, inkilogram of activeingredient, usedin
poultry in Denmark from 1991 to 2001 are shownin
Table 2.

Therapeuticantimicrobialsinanimals

Trendsin quantities of therapeutic antimicrobias
used in food animals are shown in Table 3. The data
originatefrom two sources. Prior to 1995 the datawere
collected by the Federation of Danish Pig Producersand
Slaughterhouses and by the Danish Pharmacy Associa-
tion and reported to Danish Medical Statistics (they may
beincomplete). After 1995 thedatawere collected
through compul sory reporting by the pharmaceutical

industry to the DMA (Danish Medicines Agency) of
quantities sold to wholesalers and pharmacies
(DANMAP 2000).

DANMAP began VETSTAT, aspecia antimicrobia
usemonitoring program, in2000. Antimicrobial usedata
arecollected closeto the point of use, and include
information on target animal species, and age group of
animals. VETSTAT dataare prescription-based and are
collected from pharmacies, veterinary practices, and feed
mills. VETSTAT dataare comprehensive because
antimicrobialsfor therapeutic usecan only belegally
obtained from veterinariansor, onthebasisof a
prescription from aveterinarian, through pharmaciesor
from afeed mill asmedicated feed. A summary of the
quantitiesof therapeutic antimicrobials, expressedin
animal defined doses (ADDs), usedinanimalsin 2001, is
shownin Table4.

Table 2. Usage of coccidiostatsin poultry in Denmark 1990 to 2002 (kg active

compound) (Danmap, 2002).

Coccidiostats 1990 1992 1994 1996 1998 1999 2000 2001 a) 2002 a)
Amprolium/Ethopabat 3,562 2,716 2,342 1,339 275 839 - 13 -
Dimetridazol - - - 38 106

DOT 300 13

Monensin 108 1,016 3,405 3,709 8,664 3,962 1,361 1,159
Robenidin 33 295 858 293 367 85 - 2 41
Metichlorpindol/

Methylbenzoat 89 1,503 3,360 4,857 930 155 - . -
Lasalocid 75 - 5 773 1,677 895 606 872 760
Halofuginon - - 19 8 - 2 - - -
Narasin 1,588 5,157 6,370 3,905 3,177 5,806 5,073 2,687 863
Salinomycin 7,783 10,298 6,018 4,531 7,884 8,812 6,338 12,801 11,213
Nicarbazin 115 36 4

Narasin/Nicarbazin - - - 32 20 1

Nifursol 395 146 234 79

Diclazuril - - 18 34 3 1 - 2 5
Total 13,569 20,472 20,306 19,444 18,292 25,493 15999 17,739 14,043

a) Based on VetStat data

WHO/CDS/CPE/ZFK/2003.1
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Table 3. Trendsin the total usage of antimicrobials for treatment of all food animals. Data 1986-1994: Use
of antibioticsin the pig production. Federation of Danish pig producers and slaughterhouses. N.E. Rann

(Ed.). Data 1996-2002: Danish Medicines Agency.

Compound a) 1990 1992 1994 1996 1998 1999 2000 2001 b) 2002 b)
Tetracyclines 9,300 22,000 36,500 12,900 12,100 16,200 24,000 28,300 24,300
Penicillins, beta- lactamase sensitive 5,000 6,700 9,400 7,200 14,300 14,700 15,100 16,000 16,900
Other penicillins, cephalosporins 1,200 2,500 4,400 5,800 6,700 6,600 7,300 8,700 9,800
Sulfonamides + trimethoprim c) 3,800 7,900 9,500 4,800 7,700 6,800 7,000 9,400 10,400
Sulfonamides 8,700 5,900 5,600 2,100 1,000 1,000 1,000 900 850
Macrolides, lincosamides, tiamulin 10,900 12,900 11,400 7,600 7,100 8,700 15,600 19,900 21,200
Aminoglycosides 7,700 8,500 8,600 7,100 7,800 7,500 10,400 9,600 9,200
Others ¢) 6,700 6,800 4,400 600 650 350 300 900 1,600
Total 53,400 73,200 89,900 48,000 57,300 61,900 80,700 93,700 94,300

For comparability between VetStat data and previous data, sse DANMAP 2000.
Only veterinary drug are included, excluding human drugs and veterinary drugs obviously used in pets (tablets, capsules, ointment, eye

and ear drops) .
a) Only the major contributing ATC-groups are mentioned.

b) Does not include consumption in aquaculture (sale through feed mills and sale of oxolinic acid from pharmacies) before 2001.

c) Data from VetStat 2001-2002. Aquaculture is included.

Table 4. Usage of therapeutic antimicrobialsin Animal Defined Dosages (DANMAP 2001).

Animal species  Age group Standard weight (kg) Kg antimicrobial ADD Kg animal treated
(1000's) (1000's)
Pigs Breeders and suckling pigs 200 18,617 6,787 -
Weaners 15 27,918 151,740 -
Slaughter pigs 50 22,028 37,371 -
Age not given - 854 - 71,230
Cattle Cows, bulls 600 112 30 -
Calves < 12 months 100 1,333 946 -
Heifers, steers 300 29 9 -
Age not given - 64 - 4,219
Small ruminants > 12 months 50 11 12 -
< 12 months 20 1 2 -
Age not given - 6 - 185
Poultry Broilers 0.2 161 56,764 -
Layers 29 1,698 -
Rearing flocks 116 3,640 -
Age not given - 23 - 1,132
Horses - 144 9 -
Mink 1 659 36,604 -
Total kg antimicrobial - 72,380 - -

Relativequantitiesused for antimicrobial growth
promoters, and animal and human therapy

DANMAPreceivesdataon antimicrobial usein
humans from the Danish Medicines Agency which
receivesmonthly reportsfromall pharmacies, including
hospital pharmacies, in Denmark. These dataare
comprehensive because antimicrobial s used in humans
are prescription only medicinesin Denmark. A summary
of thequantitiesof antimicrobial agents, in kilograms of
activeingredient, usedin animals(asantimicrobial
growth promotersand for therapy) and in humansfrom
1990t0 2000isshowninfigurel (DANMAP2000;
Bager, 2002).

Trendsinusageof oral antimicrobialsin Danish pig
production 1986-2001 calculated asanimal daily
dosages(ADD)

DANMAP 2001 presents an analysis of usage
trendsof veterinary therapeutic antimicrobia sby route
of administration between 1996 and 2001 (Figure 2,
DANMAP2001). Thegroup of ora formulations
accountsfor most of theincreaseintotal quantity of
antimicrobialsseeninrecent years. Thelargest propor-
tion of medicinesinthisgroup (83 %in 2001, based on
VETSTAT data) isused in pigs. In the few countries
where data are available, changesin usage trends over

WHO/CDS/CPE/ZFK/2003.1
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Figure 1. Trend in usage of antimicrobialsin kilogram active ingredient for growth promotion in food
animals and therapy in food animals and humans in Denmark 1990-2000 (1. Human data is not

avaiable before 1997).

timeare usually only compared by examining thetotal
volumes of antimicrobialsused onaweight basis
(becausein most of these countriesthere areinsufficient
data available on how and in which animals these
antimicrobialsare used). Comparing usagetrendson the
basis of the quantity of active compound however can
be misleading because of the different formulationsand
weights needed for therapy of different antimicrobials—
for example, therecommended dosagefor treatment with
tylosin premix is4 mg per kg. body weightin pigs,
compared with 25 mg per kg recommended for
chlorotetracycline. To overcomethis problem animal
daily dosages (ADD) can be calculated if thereare
sufficient dataavailable (asisthe casein Denmark).

In order to calculate usageas ADD (animal daily
dosages) we need to know also the target animal
species, asthe ADD varies between species. Complete
information hasonly becomeavailablewith VETSTAT,
i.e. from 2001 onwards. Recal cul ation of usage statistics
before2001to ADD’ sisthereforedifficult. Thereare,
however, in Denmark anumber of oral therapeuticsthat
arealmost exclusively usedin pig productionand for
such therapeuticsthe ADD can be estimated also for

periods before 2001 on the basis of datacollated for
DANMAP. Thesetherapeuticsincludetylosin,
tilmicosin, chloro- and oxytetracycline, doxycycline, the
pleurmutilins(e.g. tiamulin), lincomycin, spectinomycin
and neomycin. Intheyear 2001 these antimicrobials
accounted for over 80% of all oral antimicrobialsused,
althoughin 1990 only for 50% of total oral use.

Datafor 1996 onwardsarefrom usage statistics
collated by the Danish Medicines Agency for
DANMAP. Datafor the period from 1986 to 1994 were
collated by the Federation of Danish Pig Producersand
Slaughterhouses (Rann and Jacobsen, 1995). Inthis
report, usage data for individual agents are not
presented separately, even though separate statistics are
presented for oral and injectables. We have been given
access to the detail ed statistics of Rgnn and Jacobsen
(1995) and therefore have been ableto re-cal cul ate usage
of the ‘ pig specific’ therapeutics shownin Table 5 as
ADD. In the calculation we have used the daily dosages
shownin Table 5 for usein apig of 50 kg body weight.
Accordingly, the ADD iscalculated as:

(quantity of active compound in mg)
(daily doseinmg) * (weight of standard animal inkg)

Table5. Dailydosages(mg/kg) used for calculation of usagetrendsof

therapeutic antimicrobialsasADD'’s.

Therapeutic Mg per kg. body Mg per 50 kg
weight pig

Doxycycline 125 625

Chloro- and oxytetracycline 25 1,250

Lincomycin, lincospectin 10 500

Neomycin 15 750

Tiamulin and valnemulin 6.5 325

Tilmicosin 16 800

Tylosin 4 200

WHO/CDS/CPE/ZFK/2003.1
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Figure 2 shows the results of the calculation. To
mai ntain comparison, we have used the same daily
dosages throughout, even some of them may have been
adjusted over time

There are difficulties in comparing antimicrobials
used for growth promotion to those used for therapy by
the use of ADDs because different drugsare usually
used for these different purposes and the daily doses for
growth promotion are usually much lower than with

n
o

therapeutic use. However, tylosin presents a partia
exception to these problems because in Denmark and
other countriesit has been approved for use both in
therapy and for growth promotion. Figure 3 isidentical
to Figure 2, except that we have included dataon
tylosin usefor growth promotion. The ADDscalculated
for growth promotion used the same daily dose asthat
used for tylosin therapy (even though the daily dose for
growth promotion purposesislower).
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Figure 2. Trend in usage of important therapeutic antimicrobials for oral use in Danish pig production
between 1986 and 2001. The bars represent millions of ADD for 50 kg pigs. The arrows indicate date of
termination of antimicrobial growth promotersin finisher pigs (red) and in weaner pigs (blue).
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Figure 3. Trends in usage as shown in Figure yy, but with usage of Tylosin for growth promotion (Tyl (AGP))

included for comparison.
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2. Research study on selected swine farms in
Denmark

After antimicrobial growth promoterswere
discontinued infinisher pigs, aresearch project intended
to determinethe effectsof antimicrobial growth promoter
termination inweaner pigson several outcomes
including therapeutic antimicrobia usewas conducted
inapproximately 120 Danish farrow-to-finish swinefarms
from 1998 to 2000. Thefarmswere nominated by sixteen
veterinary practicesthat specializedin swinefrom
among thefarmsto which the veterinary practices
routinely provided medical care. Theveterinary practices
were contacted monthly to ascertain antimicrobial use

information. The producerswere asked to record
antimicrobia treatments, reasonsfor treatment and
quantitiesof antimicrobial used. In order to compare
amounts used among classes of antimicrobials, usage
incidencesinweanersand finisherswere expressed as
animal daily dosages (ADD). An ADD was defined as
theaveragelabelled daily dosefor themajor indication
inweaners (average 15 kg) and infinishers (average 50
kg). Average monthly treatment incidencesfor various
therapeuti c antimicrobial sbeforeand after antimicrobial
growth promoter termination in weaner rationswere
calculated for both weaners and finishers (Figures 4
and 5).
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Figure4. Average ADD consumption in weaners per pig-month before and after antimicrobial
growth promoter termination in weaner rations on study farms (number of farms contributing data

per month listed at top).
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Figure5. Average ADD consumption in finishers per pig-month before and after antimicrobial growth
promoter termination in weaner rations on study farms (number of farms contributing data per month listed

at top).
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3. Survey of the quantities of antimicrobials
used in European Union countries

A survey on the quantities of antimicrobials used
in European Union countries was included in a July 14,
1999 report by the European Agency for Evaluation of
Medical Products (EMEA, 1999) We reviewed some
of the data from this report, specifically a summary of
milligrams of therapeutic antimicrobials used in ani-

160,00

mals per kilogram of slaughter animal produced in
1997 for each of the European Union countries (Figure
6). Although no more recent data were presented for
other European countries, it was calcul ated that ap-
proximately 40 mg of therapeutic antimicrobials per kg
of daughter animal produced were used in Denmark in
2001 (DANMAP unpublished data), compared to 24
mg/kg meat reported for Denmark in the 1997 survey.
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Figure 6. Consumption of therapeutic antimicrobial sin animal s (including food animals, companion animals,
horsesand other animals), EU 1997 (mg/kg liveweight of slaughtered animal s'year) .

1 We note that for some countries there are discrepancies between the
estimates of antimicrobial consumption found in thisreport and those
from other sources. For example, the therapeutic antimicrobial con-
sumption estimate for the UK in this figure (147.7 mg/kg) is higher than
that derived from data available from the U.K. Veterinary Medicines
Directorate (89.9 mg/kg, not including antimicrobials for fish) (Veteri-
nary Medicines Directorate, 2003). Furthermore, the antimicrobial
consumption estimates for Denmark, Finland and Sweden differ some-
what from data available from their respective national sources
(DANMAP (1999), FINRES (2000) and SVARM (2001)). V& ues for other
countries may also differ from estimates from their national sources.
We do not know why these discrepancies exist, but presume it relates
to different methods of data collection and/or reporting. For further
information concerning antimicrobial usein aparticular country, we
recommend contacting the relevant national authority.

WHO/CDS/CPE/ZFK/2003.1
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Interpretation

1. Danish national surveillance

Antimicrobial growth promoters

Through voluntary and regulatory action, virtualy
no antimicrobia growth promotershavebeenusedin
Denmark since 1999. Prior to the ban on quinoxaline
antimicrobial growth promoters(e.g., carbadox and
olaquindox) by the European Union dueto concerns
about toxicity to humansfrom occupational exposure,
olaguindox wasthe most commonly used antimicrobial
growth promoter inweaners, intermsof total kilograms
of antimicrobial growth promotersused (DANMAP,
2002).

Although DANMAP has ascertained the kilograms
of antimicrobial agents, including growth promoters,
used infood animalsin Denmark for many years, data
were not collected on how these antimicrobial agents
were used infood animalsuntil VETSTAT wasinitiated
in2001. Therefore, itisnot known exactly what propor-
tion of food animalswerefed rations containing
antimicrobia growth promotersprior to thetermination
of these drugs. It isaso not known exactly how many
days, on average, pigs and broilerswho received
antimicrobial growth promoterswerefed rations
contai ning antimicrobia growth promoters. Itislikely,
however, based on indirect evidence', that prior to the
terminationsof antimicrobia growth promoters, most
pigsand broilers on conventional (not organic) farmsin
Denmark werefed rations containing antimicrobial
growth promotersfor most of their lives (approximately
145 daysfor pigsto reach 100 kg fromweaning at four
weeks, and 42 daysfor broilerstoreach 2 kg).

Coccidiogtats

Therewas an increase in quantity of coccidiostats
used in poultry in 1999 following the termination of
antimicrobial growth promoters, primarily dueto an
increased quantity of ionophores(i.e. monensin, narasin,
salinomycin) used. lonophoresareaclass of
antimicrobial agentsnot currently used in humans. In
2000 and 2001, however, quantities of coccidiostats used

1 Based on DANMAP data, 107,000,000,000 mg of active
antimicrobial growth promoters were used to produce
2,000,000,000 kg of meat (pork and broiler meat) in 1997.
Assuming a feed/gain ratio of 2.4 for the wean-to-slaughter
period, it required an estimated 4,800,000,000 kg of feed for
broilers and for pigs from weaning to slaughter to produce this
meat. Therefore, on average, feedstuffs contained
approximately 22 mg of active antimicrobial growth promoter in
1997. Concentrations of drug in feed varied somewhat by drug,
species and class of animals, however, the greatest volume of
animal feedstuffs was used in finisher pigs and 20 mg/kg tylosin
(maximum) was the principal antimicrobial growth promoter
used in finishers in 1997 (see figure 3).
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declined to pre-antimicrobial growth promoter
termination levels. Moreover, after 1999, thevast
majority of coccidiostatsused in poultry were
ionophores, and therewere marked fluctuationsin
guantities of specificionophoresused each year. For
example, the quantity of salinomycin used in poultry
increased sharply in 2001, while use of narasin and
monensin declined. Despitethefluctuationsinthe
quantitiesof individual coccidiostats used in poultry
between 1990 and 2001, the only discernable changesin
the overall quantity of coccidiostats used in poultry
after the discontinued use of antimicrobial growth
promotersin 1998 wasamoderateincreasein 1999
followed by substantial declinein 2000 and 2001
(DANMAP, 2002).

Therapeuticantimicrobials
Broiler chickens

Therapeutic antimicrobial useinbroiler chickensin
2001 waslow and did not appear to increasefollowing
thetermination of antimicrobial growth promoters
(DANMAP, 2002; Tornge, 2002). During 2001, Danish
broiler chickensweregivenatotal of 56.764 million
Animal Defined Dasages (ADD) of therapeutic
antimicrobials(DANMAP 2001, Table6). Denmark
produced 130 million broilersthat year, so on average
each broiler chickenreceived 56.764/130=0.4 ADD (was
treated for 0.4 days). The number of ADD iscalcul ated
assuming an average body weight of treated birds of
200 g. If most treatments occurred either before or
after 200 g, the average number of days treated would
have to be adjusted accordingly. Using the above data,
and assuming it took approximately 45 days for
broilersto reach 2 kg, we also calculated that, on
average, an estimated 1% of broilersin Denmark were
on therapeutic antimicrobials at any given time in 2001.

Swine

Whileantimicrobialsareused in pigsof al agesand
types (sows, boars, piglets, weaners, finishers), the vast
majority isused in weanersand finishers. Therapeutic
antimicrobial usein pigsincreased following the
termination of antimicrobia growth promoter usein
Denmark in 1998 (finishers) and 1999 (weaners) (Figure
1). Inpigsthisincreasewasprincipally with
tetracyclines, penicillinsand macrolides, however there
were also modest increaseswith aminoglycosides (e.g.
neomycin, streptomycin, spectinomycin, apramycin) and
sulfonamide/trimethoprim combinations, while
sulfonamide use was unchanged (Table 3). Usage of
fluoroquinolones, in contrast, decreased markedly from
1998t0 1999 and hasremained at low levels, inlarge part
because apharmaceutical company withdrew fromthe
market afluoroquinolone-containing feed premix for pigs
out of resistance concerns, and because the Danish
Veterinary and Food Administration recommendedin
1998 that veterinariansrestrain prescription of
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fluoroguinolones(DANMAP2000). Very little
cephal osporin was used in food animalsbefore and after
antimicrobial growth promoter termination. Thetotal
guantitiesof all antimicrobials used therapeutically in
2001 and 2002 were similar to the quantity usedin 1994,
the peak year of usage prior to termination of any
antimicrobial growth promoters. During 2001, Danish
weaner pigsweregivenatotal of 151.74million ADD of
therapeutic antimicrobials(DANMAP 2001, Table6).
Denmark produced 24.5 million pigsthat year, soon
averageeachweaner pigreceived 151.74/24.5 =6.2 ADD
(wastreated for 6.2 days) during the weaner period. The
number of ADD is calculated assuming an average body
weight of treated pigsof 15Kkg. If most treatments
occurred either before or after 15 kg, the average number
of days treated would have to be adjusted accordingly
Using the above data and assuming a 55 day period from
7-30kg, wecalculated that, on average, an estimated
11.3% of weanersin Denmark were on therapeutic
antimicrobialsat any giventimein 2001.

During 2001, Danish finisher pigswere given atotal
of 37.371million ADD of therapeuticantimicrobia s
(DANMAP 2001, Table6). Denmark produced 22.5
million pigsthat year (fewer than the number of weaners
produced because somelive pigswere exported), soon
averageeachpigreceived 37.371/22.5 =1.7ADD (was
treated for 1.7 days) during thefinishing period. The
number of ADD is calculated assuming an average body
weight of treated pigs of 50 kg. If most treatments
occurred either before or after 50 kg, the average number
of daystreated would have to be adjusted accordingly.
Using these data and assuming a period of 85 day period
from 30-100kg, wecal culated that, on average, an
estimated 2.0% of finishersin Denmark wereon
therapeutic antimicrobialsat any giventimein 2001.

Trendsin usageof oral antimicraobialsin Danish pig
production 1986-2001 calculated asanimal daily
dosages(ADD)

The calculations shown in figures 2 and 3 are based
on theassumption that all the specified oral
antimicrobialswereusedinpigs. Thisislikely to betrue
for someof theseantimicrobias(e.g. tylosin, tiamulin) ,
whilefor othersthe proportion used in other animal
speciesmay be15-30% (e.g. neomycin). Therefore, the
calculationswill dightly overestimate the usagein pigs
for theselatter agentsintheyearsprior to VETSTAT
(2002).

Inthelate 1980’ sthe* pig specific’ antimicrobias
recal culated asADD’ saccounted for amuch lower
proportion of total oral usage (25-30 percent) than was
the casein the most recent years. Thisismainly because
dimetridazol and sulfadimidinewere heavily used in pig
productionthelate 1980’ sand accounted for a
significant proportion of total usage of oral therapeutics.
They were phased out around 1990.

From 19980 2001, tylosin (amacrolide) wasthe
most commonly used therapeuti c antimicrobial agent
when calculated as standard dosages. Theincreasein
tylosin use was larger than the increase in use of
tetracycline. However despitethisincreasein the use of
tylosin as atherapeutic agent in pigs the overall
therapeutic use was small compared to its previous use
for growth promotion purposes. Therewere
approximately 350 million ADDsof tylosinusedfor
growth promotionin 1996 comparedto approximately 50
million ADDsused for therapeutic purposesin 2000 (see
Figure 3). In this comparison we have used adaily dose
of 4 mg/kg body weight both when tylosin was used to
treat disease and when used for growth promotion, even
though in the latter case the dose used was
approximately half of that used for therapy. Had the
growth promotion dosage been used, it is clear that our
calculations would have shown an even higher number
of ADDsof tylosin used for growth promotion than the
estimate of 350 million. Inadditiontotylosin, bacitracin
zinc, avilamycin and olaguindox were used for growth
promotionin pig production (DANMAP, 2002).

2. Research study on selected swine farms in
Denmark

In the study of selected swine herds, the incidence
of antimicrobia streatmentsin weanersincreased from
approximately 0.8 ADD per pig-month prior to
antimicrobial growth promoter terminationinweaners, to
approximately 1.5 ADD after antimicrobial growth
promoter termination, and remained at thislevel after 12
months(Figure4) (note: the ADD calculationsinthis
selected study should not be confused with the national
figures presented previously). With respect to
antimicrobiasused, increaseswere most evidentin
aminoglycoside, macrolide, tetracyclineandtiamulin. In
finishers, theincidence of antimicrobialstreatments
increased from approximately 0.2 ADD per pig-month
prior to antimicrobial growth promoter terminationin
weaners, to approximately 0.4 ADD after antimicrobial
growth promoter termination, however thefrequency
returned to pre-termination levelswithin 12 months
(Figure5). Increasesinthisgroup weremost evidentin
macrolide, tetracyclineandtiamulin (Larsen, 2002).

3. Survey of the quantities of antimicrobials
used in European Union countries

We were not able to sufficiently compare the antimi-
crobial usein food animalsin Denmark with antimicro-
bial usein food animalsin other countries because
limited antimicrobial use data from other countries was
presented at the meeting. However, results from the
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1997 survey of antimicrobia useinanimalsin European
Union countriesindicate that the therapeutic antimicro-
bial useinfood animalswaslow in Denmark compared
to other European Union countries(EMEA, 1999).
Although therapeutic antimicrobia useinfood animals
hasincreased in Denmark since 1997, and although we
do not have more recent consumption datain other
countries, we believethat the quantity of therapeutic
antimicrobialsusedinfood animalsisstill likely to be
low in Denmark compared to most other European
countries.

Although wefound discrepanciesin the 1997
survey datacompared with information from other
sources, these discrepancies do not affect the above
interpretation. They do however, point to the need for
high quality, international antimicrobial usedatathat are
collected and reported using comparable and
transparent methods, and which take into account
differencesin animal husbandry and antimicrobial
treatment practicesin different countries. Thisisthe
subject of arecent WHO publication entitled “Moni-
toring Antimicrobial Usagein Food Animalsfor the
Protection of Human Health: Report of a WHO Con-
sultation, Oslo, Norway, 10-13 September 2001”.

Conclusion

DANMAP and VETSTAT were both very useful in
allowing examination of antimicrobial useover timefrom
1990t0 2001, andindifferent animal speciesin2001,
respectively. Overall, antimicrobia useinfood animalsin
Denmark hasbeen reduced substantially following the
discontinuation of antimicrobia growth promoters. This
has resulted in both reductionsin the total amount of
antimicrobials used and in the average duration of
exposure of animalsto antimicrobials. Onanational
basis, the quantity of antimicrobialsusedinfood
animalsin Denmark has declined 54% from the peak in
1994, (205,686 kg) to 2001 (94,200kg). Prior to
antimicrobia growth promoter termination, most pigs
and broilerswere exposed to antimicrobialsfor most of
their lives, while after termination the average use of
antimicrobiasdeclined to 0.4 daysin broilers(life span
usually about 42 daysto 2kg), and 7.9 daysin pigs (life
span usually about 170 daysto 100kg).

Termination of antimicrobial growth promotersin
pigsresultedinincreasesin therapeutic use of some
antimicrobialsthat are a so used in humans(e.g.
tetracycline, penicillins, macrolides), however use of
other drugs of importance to humans (e.g.
cephal osporins, fluoroquinolones) was unaffected, and
total therapeutic usein 2000 and 2001 wassimilar to
1994, the peak year of therapeutic use before any
antimicrobia growth promoters were terminated.
Therapeutic use in poultry appeared to be unaffected by
antimicrobia growth promoter termination.
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Impact of the termination of
antimicrobial growth promoters on
antimicrobial resistance

Data

DANMAP conducts surveillance on antimicrobial
resistance on bacteriaisolated fromfood animals, food,
and humans. These data are summarized in annual
reports. The DANMAP annual report from 2001 was
utilized for this section of the review. Details about the
source of the bacteriaisolates and antimicrobial
susceptibility testing methods used by DANMAP,
including breakpoints for each of the genera of bacteria
tested, areincludedinthereport (DANMAP, 2002).

DANMAP monitorsantimicrobial resistanceamong
several bacteriaincluding enterococci, Campylobacter,
Escherichiacoli, and Salmonella. Enterococci are Gram-
positive bacteria. M ost of the antimicrobial agentsused
asgrowth promotersin Denmark (avilamycin, avoparcin,
tylosin, virginiamycin) have a Gram-positive spectrum of
activity and could therefore be expected to select for
resistance among enterococci. Thereare, however, some
differencesamong theenterococci species. For example,
Enterococcus faecalisisintrinsically resistant to
streptogramins (e.g., virginiamycin). Campyl obacter and
Salmonella are Gram-negativebacteriaandintrinsically
resistant to most of the antimicrobials agentsused as
growth promotersin Denmark. The quinoxalines
(carbadox and olaquindox) have a broad spectrum of
activity. Macrolides(e.g., tylosin) areal so active against
Campylobacter. Thereiscross-resistance between the
glycopeptides avoparcin (used in animals) and
vancomycin (human), between the streptogramins
virginiamycin (anima) and quinupristin-dalfopristin
(human), and between themacrolidestylosin (animal)
and erythromycin (human).

Bacteriaisolatesfromanimals
Samplesfromanimalsat slaughter were collected by
meat inspection staff or company personnel and sent to
the Danish Veterinary Institutefor isolation of
enterococci, Campylobacter, Escherichiacoli,and
Salmonella. The number of samplesfor each daughter
facility isdetermined in proportion to the number of
animalsslaughtered each year. The slaughter facilities
fromwhich broiler chicken, cattle, and swinesamplesare
collected and included in DANMAP account for 98%,
80%, and 95%, respectively, of thetotal production of
theseanimal speciesin Denmark. TheSalmonella
isolatesincluded in DANMAP are arandom sample of
the Salmonella isolates serotyped at the Danish
Veterinary Institute. The occurrence of antimicrobial
resistanceinisolatesof enterococci, Campylobacter, E.
coli, and Salmonella tested, because of the method of
sampling, provides an estimate of the true prevalence



Impacts of antimicrobial growth promoter termination in Denmark

of antimicrobial resistancein these bacteriain broiler
chicken, cattleand swinein Denmark.

Escherichia coliisolated from clinical specimensof
chickenswith septicaemia, and cattle and pigswith
diarrheaare submitted, usually under thedirection of a
veterinarian, to the Danish Veterinary Ingtitute, the
Cattle Health Laboratory in Ladelund, and thelaboratory
of the Federation of Danish Pig Producersand
Slaughterhousesin Kjéellerup. | solatesareforwarded to
the Danish Veterinary Institute for susceptibility
testing.

Plate dilution was used to test the susceptibility of
Campylobacter isolates. All other susceptibility testing
was done with broth microdilution (Sensititre, Trek
Diagnostic System). The minimum inhibitory concent-
ration (M1C) isthe lowest concentration of
antimicrobia with no visible growth. The Danish
Veterinary Ingtitute conducted Enterococcus species
identification.

Bacteriaisolatesfrom food

Regional Veterinary and Food Control Authorities
collected food samples at wholesale and retail outlets.
The collected food sampl es consisted of both Danish
and imported foods. Enterococci isolated fromfood
sampleswereforwarded to the Danish Veterinary and
Food Administration for speciesidentification and
susceptibility testing. From many foodstherewereno
enterococci isolated. If isolated however only one
isolate of enterococcus from each food sample was
tested for antimicrobial susceptibility. Susceptibility
testing was performed with broth microdilution
(Sensititre, Trek Diagnostic System).

Thefollowing six figures (Figures 7-12), taken
from DANMAP 2001, depict the trend in antimicrobial
resistance to an antimicrobial agent among
Enterococcus faeciumin samples collected from
animals at slaughter, and meat collected at wholesale or
retail, and the quantity (in kilograms of active com-
pound) of that antimicrobial agent used as a growth
promoter in Denmark, from 1994 to 2001. The first
three figures (Figures 7-9) concern broilers and broiler
meat, the final three figures (Figures 10-12) concern
pigs and pork.
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Figure 7. Trend in virginiamycin resistance among
Enterococcus faecium from broilers and broiler
meat and usage of the growth promoter
virginiamycin, Denmark.
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Figure 8. Trend in avoparcin resi stance among
Enterococcus faecium from broilers and broiler meat
and usage of the growth promoter avoparcin,
Denmark.
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Enterococcus faecium from broilers and broiler meat
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Denmark.
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Figure 10. Trend in virginiamycin resistance among
Enterococcus faecium from pigs and pork and the
usage of the growth promoter virginiamycin,
Denmark.
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Figure 11. Trend in erythromycin resistance among
Enterococcus faecium from pigs and pork and the
total usage of macrolides, both as growth promoters
and therapeutics, Denmark.
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Figure 12. Trend in avoparcin among Enterococcus
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growth promoter avoparcin, Denmark.
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Thefollowing figure showsthetrendsin tylosin
use for growth promotion and erythromycin resistance
among Enter ococcusfaecalis and Enterococcus
faeciumisolated from pigs at slaughter from 1995 to
2001 (Figure 13).
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Figure 13. Trendsin erythromycin resistance in
enterococci from pigs and tylosin use for growth
promotion in Denmark.

Consumption



Impacts of antimicrobial growth promoter termination in Denmark

Thefollowing twofigures, takenfrom DANMAP
2001, depict thetrendsin antimicrobial resistanceto
selected antimicrobia agentsamong Escherichiacoli
isolated from samplescollected from animalsat
slaughter, and from samplescollected fromill animalsin
Denmark, from 1996 to 2001 (Figure 14 & 15).
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Figure 14. Trend in antimicrobial resistance to selected antimicrobial agents among E. coli isolated from

samples collected at slaughter from broilers, cattle and pigs, Denmark.
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Figure 15. Trend in antimicrobial resistance to selected antimicrobial agents among E. coli isolated from
samplescollected from poultry with septicemia, and cattle and pigswith diarrhea, Denmark.
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Bacteriaisolatesfrom humans

All isolates of Salmonella serotype Typhimurium
weretested for antimicrobial susceptibility. For other
Salmonellaisolates and Campylobacter isolatesfrom
humansarandom sampleof isolatesgrown from faeces
samplessubmitted for microbiological diagnosticstothe
Statens Serum I nstitute were tested for antimicrobial
susceptibility. Susceptibility testing wasperformed
using the tablet diffusion method (Neo-Sensitabs, A/S
Rosco).
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Thefollowing figure, taken from DANMAP 2001,
depictsthetrendsin antimicrobial resistanceto selected
antimicrobial agentsamong Salmonellaisolatedfrom
samplescollected fromanimalsat laughter, and from
samplescollected fromill humans, stratified by history
of travel abroad, in Denmark from 1996 to
2001(Figure 16).
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Figure16. Trendinantimicrobial resistanceto selected antimicrobial agentsamongSa monella Typhimurium
isolated fromsamplescollected at slaughter frompoultry and pigs, and fromill humans, Denmark
a) Includes caseswhereorigin of infection isnon-documented and may ther eforeinclude someisolatesacquired

abroad but not documented as such.
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Thefollowing twofigures, takenfrom DANMAP
2001, depictsthetrendsin antimicrobial resistanceto
selected antimicrobial agentsamong Campylobacter
isolated from samplescollected from animal sat
slaughter, and from samplescollected fromill humans, in
Denmark from 1996 to 2001 (Figures 17 & 18).
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Figure 17. Trend in antimicrobial resistance to selected antimicrobial agents among Campylobacter jejuni
isolated from samples collected at slaughter from poultry and cattle, and fromill humans, Denmark.
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Figure 18. Trend in antimicrobial resistance to selected antimicrobial agents among Campylobacter coli
isolated from samples collected at slaughter from pigs and broilers, Denmark.
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The Statens Serum Institut conducted a small study
of healthy human volunteersin 1996 (DANMAP, 1997).
Stool specimens from the volunteers were cultured for
enterococci, speciated and susceptibility tested for
selected antimicrobia agents. Twenty-five
Enterococcus faecium and 97 E. faecalisisolates were
obtained. Under anew surveillance systemin
DANMAPentitledthe‘Norma FloraStudy (NOR-
MAT)’, stool specimenswereal so collected from
healthy volunteersin 2002 and similarly tested.
Participantsin NORMAT are selected from the National
Health Serviceregister and are representative of the
Denmark population in regards to gender and age
distribution. Theaim of NORMAT isto enrol 200
randomly selected personseach year in Denmark. Stool
samplesfrom 50 personsweretested in 2002; 19 samples
yielded E. faeciumand 27 yielded E. faecalis (Frimodt-
Mgl ler and Hammerum, 2002). Thedatafromthetwo
studies are presented in Tables6 and 7.

Table 6. Antimicrobial resistance to selected
antimicrobial agents among E. faecium isolated from
stool samples of healthy volunteersin 1996 and
2002, Denmark (Frimodt-Mgller and Hammerum,
2002).

No. resistant/no. tested (% resistant)

Antimicrobial 1996 2002
Avilamycin 0/15 (0%) 3/19 (16%)
Synercid 7124 (29%) 0/19 (0%)
Erythromycin 2/25 (8%) 1/19 (5%)
Vancomycin 0/24 (0%) 0/19 (0%)

Table 7. Antimicrobial resistance to selected
antimicrobial agents among E. faecalisisolated from
stool samples of healthy volunteersin 1996 and
2002, Denmark (Frimodt-Mgller and Hammer um,
2002).

No. resistant/no. tested (% resistant)

Antimicrobial 1996 2002
Flavomycin 1/49 (2%) 2127 (7%)
Avilamycin 0/49 (0%) 0/27 (0%)
Erythromycin 8/97 (8%) 10/27 (37%)
Vancomycin 0/49 (0%) 0/27 (0%)
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Interpretation

Food animals

When antimicrobial growth promoterswereusedin
Denmark, antimicrobial resistanceto most antimicrobial
growth promoterswas common in enterococci isol ated
fromanimalsat slaughter. Sincethe discontinued use of
antimicrobia growth promotersin Denmark,
antimicrobid resistancetotheantimicrobial growth
promotersin enterococci hasdeclined inthefood animal
reservoirs(broilers, cattle, pigs).

Among Enterococcus faeciumisol atescollected
from broilersat slaughter, resistanceto avilamycin,
avoparcin, and streptogramins, declined from high (60-
80%) levelswhen antimicrobial growth promoterswere
used in Denmark to lower (5-35%) levelsfollowing the
discontinued use of these antimicrobial growth
promoters. Among Enterococcus faeciumisolates
collected from pigsat daughter, similar declinesin
resistanceto erythromycin and streptograminsoccurred
following the discontinued use of antimicrobial growth
promoters. Co-selection of avoparcin resistance by
continued frequent use of tylosin (therapeutically) in
pigswas probably an important factor in maintaining the
approximately 15-20% levels of avoparcin-resistantE.
faecium in swine despite the discontinued use of
avoparcin asan antimicrobial growth promoter. When
use of tylosin wasreduced, levels of avoparcin-resistant
E. faeciumdeclined (Jensenet al ., 2002; Aarestrup,
2002).

Among Enter ococcus faecalisisol atescollected
fromanimalsat aughter, resistanceto erythromycin
declined following thediscontinued use of antimicrobial
growth promoters (Aarestrup, 2002). Resistanceto
avoparcin and avilamycin wasrare among E. faecalis
isolates(DANMAP, 2002).

Antimicrobial resistance among Escherichiacoli
isolatescollected from broilers, or swineat slaughter,
and isolates collected from poultry with septicemia, or
pigswith diarrhea, did not appear to have been affected
by the discontinued use of antimicrobial growth
promoters (DANMAP, 2002). Thisisnot unexpected as
the antimicrobial growth promotersthat were used had
activity predominantly against Gram-positive bacteria
rather than Gram-negative bacteria, such asE. cali.

Salmonella Enteritidisand Salmonella
Typhimurium werethe most frequently isol ated
serotypes of Salmonellafrom broilersand pigs,
respectively. Antimicrobial resistancewasrarein
Salmonella Enteritidis. Among Salmonella Typhimurium
isolatesthat wererandomly selected fromfood animals
for testing, therewas an insufficient number from
broilers(n=15in2001) to discern atrend in antimicrobial
resi stance associated with the discontinued use of
antimicrobial growth promoters. Among Salmonella
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Typhimuriumisolatesfrom pigstherewasanincreasein
tetracyclineresistancefollowing the discontinued use of
antimicrobia growth promoters, whichlikely resulted
fromtheincreased usage of tetracyclinefor therapeutic
purposesin pigs during the period 1999-2001, although
as already noted, no such increase in resistance was
observed in E. coli, another Gram-negative organism
from pigs. (DANMAP, 2002). Thissuggeststhat other
factorsmay also have contributed to theincreasein
tetracyclineresistancein Salmonella Typhimurium.

Among Campyl obacter jejuni isolates collected
frombroilersat daughter, notrendinantimicrobial
resistance, includingin macrolideresistance, is
discernablefollowing termination of antimicrobial
growth promoters. Among Campylobacter coliisolates
from pigs, there hasbeen adecreasein erythromycin
resistancefollowing the discontinued use of
antimicrobia growth promoters(DANMARP, 2002).
Comparing resultsfor isolatesfrom broilersand from
pigsitisclear that while quinoloneresistancein
campylobacter from broilershasincreased, it has
decreased in campylobacter from pigs. These changes
appear to be independent of the withdrawal of
antimicrobial growth promotersand only indirectly
related to the changes seenin domestically-acquired
infectionsin humans. A similar declinein resistanceto
nalidixic acid has been seen in Salmonella Typhimurium
frompigs(DANMAP, 2002).

Tylosin, amember of the macrolideclass, wasthe
only drug used in pigs both as an antimicrobia growth
promoter and a therapeutic agent, and it was used in
both finishers and weaners. There areindications that
tylosin use asan antimicrobial growth promoter had a
greater impact on the prevalence of resistanceto
erythromycin (another macrolide) in enterococci isolated
from pigs at slaughter than as a therapeutic agent,
during either theweaner or finisher period. Thereisaso
someindication that use of tylosin asan antimicrobial
growth promoter during thefinisher period had agreater
effect on erythromycin resistancethan useof tylosin as
an antimicrobial growth promater intheweaner period.
Although available datado not permit precise estimates,
webelievethat prior to termination of antimicrobia
growth promoters most tylosin was used as an
antimicrobial growth promoter infinishers. Webasethis
on statementsfrom theindustry, on the >50 percent
declineintylosin useasan antimicrobial growth
promoter after termination of useinfinishersbut before
termination inweaners (thereissomeuncertainty here
because some producers may have switched during this
interval fromtylosin to another antimicrobial growth
promoter for weaners, e.g. olaguindox), and onthe
greater amount of feed consumed by finishers compared
to weaners. Termination of antimicrobial growth
promotersreduced the total amount of tylosinusedin
pigsby 89 percent from approximately 73,000 kgusedin

1996 (68,350 kg for growth promotion plusapproximately
5,000 kg for therapy) t0 9,100 kg used for therapy in
2001. After termination, all tylosinwasused asa
therapeutic agent, and, in 2001 for example, roughly
equal quantities(in kg active compound) wereused in
weanersand finishersfor therapy (DANMAP, 2002).
Theprevalenceof resistanceto erythromycinin
Enterococcus faeciumisolated from swine at daughter
declined from 80 percent in 1997 just prior to the
termination of tylosinasan antimicrobial growth
promoter among finishers(1998) and weaners(1999), to
lessthan 20 percent after termination, even though there
was someincreasein therapeutic treatments, especially
among weaners.

Based on these observations, we believe that
tylosin use asan antimicrobial growth promoter had a
much greater impact on resistanceto erythromycin
among enterococci isolated from pigsat slaughter than
tylosin use as a therapeutic agent. We also believe that
tylosin usein finishers probably had agreater impact on
thisresistance than use in weaners, however further
studies are needed to verify thisconclusion. We con-
sider it probable that reduced tylosin usein the finisher
period compared with theweaner period may enable
resistant bacteriato declinein numbersby thetimethe
animal sreach slaughter weight.

Food

Thesmall number of enterococci isolated from food
(i.e. pork and broiler chicken meat) makeit difficult to
discerntrendsin antimicrobial resistance associated
with thediscontinued use of antimicrobial growth
promotersamong enterococci isolated fromfood. The
datathat are available, however, suggest that resistance
to avilamycin, avoparcin and virginiamycin among
Enter ococcus faeciumisol atesfrom broiler chicken meat
declined following termination of antimicrobia growth
promoters, and theseresultsare statistically significant
(Emborg et al ., 2002a). Among Enterococcus faecium
isolatesfrom pork, therewereno consistent trendsin
resi stanceto erythromycin and virginiamycin associated
with termination of antimicrobial growth promoters, and
isolateswere not tested for resistanceto avoparcin
resistance prior to thetermination of avoparcinusein
1995(DANMAP2001; Bod and Andersen, 2002).

Humans

The small number of enterococci isolated from stool
samplesof healthy humansmakesit difficult to discern
trendsin antimicrobial resistance associated withthe
discontinued use of antimicrobial growth promoters
among enterococci isolated from healthy humans.
Although the data are not robust and the
representativeness of samplingisnot clear, theremay be
adeclineinthe prevalenceof virginiamycinresistance
among Enter ococcus faeciumisolated from healthy

WHO/CDS/CPE/ZFK/2003.1

27



28

Impacts of antimicrobial growth promoter termination in Denmark

humansfollowing the discontinued use of antimicrobial
growth promoters, including virginiamycin, in Denmark.
Thereisalso anindication that since thetermination of
antimicrobial growth promotersthere may havebeenan
increasein resistance among E. faecalistothemacrolide
drug erythromycin, which may reflect anincreasein the
therapeutic usein pigs of tylosin (another macrolide).
Avoparcin resistance appeared to be rare among
enterococci isolated from stool samplesof healthy
humansin Denmark (Frimodt-M gller and Hammerum,
2002).

Thereareno dataavailable on antimicrobial
resistance among Escherichiacoli isolated from stool
samplesof healthy humansin Denmark.

Among Salmonella Typhimuriumisolatesfromill
humans with an unknown travel history or who report
no history of travel abroad prior toillnessonset,
resistanceto ampicillin, sulfonamide, tetracyclineand
chloramphenicol increased from 1996 t0 1999. Thisis
mainly explained by anincreasein the proportion of S
Typhimurium DT104 and related phage typesamong S.
Typhimuriumisolates(DANMAP2001 p.26). Since 1999,
the proportion of S. Typhimurium isolates decreased,
and there was an increase in tetracycline and
sulfonamideresistanceinS. Typhimurium. The observed
increaseintetracyclineresistancein domestically
acquired S. Typhimurium isolatesfrom humansislikely
to be associated with consumption of Danish pork
(DANMAP, 2002), and may be associated with increased
therapeutic tetracyclineusein swinefollowing the
termination of antimicrobial growth promoter use.
Although theincreasein sulfonamide-resistantS.
Typhimurium may also be associated with consumption
of Danish pork, use of sulfonamidesin pigsactually
decreased from 1996 to 2000. Theclinica consequence
of increased tetracyclineresistanceis, however likely to
beminima for thetherapy of Salmonellainfections.
Thisisbecause patientswith gastroenteritisare unlikely
to betreated empirically with tetracycline (and
tetracyclineisnolonger used to treat personswith
diagnosed Salmonellainfectionsin Denmark). Increased
tetracycline resistance among Salmonellaistherefore
not likely to result in ineffective treatment of Salmonella
infections. Increased tetracyclineresistance among
Salmonella may result in additiona human Salmonella
infections, however, since personswho taketetracycline
for other reasons are at increased risk of becoming
infected with tetracycline-resistant Salmonella.

Among Campylobacter jejuni isolatesfromill
humans with an unknown travel history or who report
no history of travel abroad prior toillnessonset, there
weresmall increasesin erythromycin, quinolone,
streptomycin, and tetracyclineresistancefollowing the
discontinued use of antimicrobial growth promoters
(DANMAP, 2002); therelationship between these
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increases, if any, with the discontinued use of
antimicrobial growth promoters, isunknown.
(DANMAP, 2002).

Conclusion

DANMAP isaunique and very useful program
becauseit allowed the examination of antimicrobial
resistance over timefrom 1996 to 2001. Webdlievethat
the DANMAP methodsof collection of samplesfrom
animals at daughter were very good. The methods for
susceptibility testing, including selection of asingle
randomisolatefor examining the preval ence of
antimicrobial resistance, wereappropriatefor trend
ascertainment because the DANMAP methods have
been consistent over thistime period. Random selection
of isolatesispreferred to use of selective methods
employing antimicrobial-containing culture media
because amore accurate estimate of prevalenceis
possible. It will however underestimate the number of
resistant bacteriathat may be present at low concent-
ration. On the other hand, DANMAP sampling of broiler
mest, pork, and stool specimensfrom healthy humans
wasinsufficient for our eval uation because the sample
size appearsto betoo small anditisnot clear that
representative, probability-based sampling plans of the
appropriate popul ations were used.

Extensive data were available that showed that the
termination of antimicrobial growth promotersin Den-
mark hasdramatically reduced thefood animal reservoir
of enterococci resistant to these growth promoters, and
thereforereduced areservoir of genetic determinants
(resistance genes) that encode antimicrobial resistance
to severd clinically important antimicrobial agentsin
humans.

Datafrom healthy humanshowever arerelatively
sparse on which to assess the effect of the termination
of antimicrobial growth promoters onthe carriage of
antimicrobial resistant bacteria. Thereissomeindication
that termination of antimicrobial growth promotersin
Denmark may be associated with adeclineinthe
prevalence of streptogramin resistanceamongE
faeciumfrom humans. Thereisalso anindication that
the termination may be associated with anincreasein
resistance among E. faecalisto erythromycin (amacro-
lide), which may reflect inincreasein thetherapeutic use
inpigsof tylosin (another macrolide). However, it should
be noted that erythromycin is not avery important
antimicrobia for thetreatment of enterococcal infections
in humans; preferred drugsinclude ampicillin,
amoxycillin, vancomycin, streptogramins (for E.
faecium), and linezolid. Further larger studies are needed
to determine how much of an effect the discontinued use
of antimicrobial growth promotersin Denmark will have
onthecarriage of antimicrobial resistanceinthe
intestinal tract of humansin the community.
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Theantimicrobia growth promotersthat were used
in Denmark were activemainly against Gram-positive
bacteria(with the exception of the quinoxalines).
Therefore, direct effectsof thetermination of growth
promoterson resistancein Gram-negative bacteria(e.g.

E. coli, Salmonella) were neither expected nor observed.

Itisprobable, however, that termination of antimicrobia
growth promotershad anindirect effect on resistanceto
tetracycline resistance among Salmonella Typhimurium
because of anincreasein therapeutic tetracyclineusein
food animals. Theclinical consequence of increased
tetracyclineresistanceis, however likely to beminimal
for the therapy of Salmonellainfections. Thisis
because patientswith gastroenteritisare unlikely to be
treated empirically withtetracycline(andtetracyclineis
no longer used to treat persons with diagnosed Salmo-
nellainfectionsin Denmark). | ncreased tetracycline
resistance among Salmonellaisthereforenot likely to
result in ineffective treatment of Salmonellainfections.
Increased tetracyclineresistance among Salmonella
may result in additional human Salmonellainfections,
however, since personswho taketetracyclinefor other
reasonsareat increased risk of becoming infected with
tetracycline-resistant Salmonella.

Impact of the termination of
antimicrobial growth promoters on
human health (other than resistance)

Data

Foodbor neZoonoticDiseasein Humans

Denmark conductssurveillance of humanillness
caused by awide variety of diseasestransmitted to
humans primarily through eating contaminated food.
Many of these foodborne diseases have food animal
reservoirsand aretherefore zoonoses (diseases
transmitted from animal sto humans). Thesefoodborne
diseasesthat are reportableto national authorities
include human infections caused by Salmonella spp.,
Campylobacter jejuni, Escherichiacoli, Yersinia
enterocolitica, and Listeria monocytogenes (Annud
report on Zoonosesin Denmark 2001). Humaninfections
with Salmonella and Campyl obacter areby far the most
common bacterial foodbornediseases. Pigsand
chickensareimportant reservoirs of Salmonella and
Campylobacter .

The following two figures show the annual
incidences of human Salmonella and Campylobacter
infections (Figure 19 & 20).
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Figure 19. Registered cases of human salmonellosisin Denmark 1980-2002 (Annual Report on Zoonosesin
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Figure 20. Incidence of campylobacteriosisin humans 1980-2002-(improved culture method was change
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Monitoring of broiler chickensand pigs

Broilers have been routinely monitored for Salmo-
nella since 1989 and Campylobacter since 1995. Salmo-
nella monitoring in broilerswas accomplished by
collection of samplesfrom each flock. Prior to June 2000,
fecal samplesfor Salmonella monitoring were collected
from selected broilersat daughter. After 2000, fecal
samples for Salmonella monitoring were collected via
on-farmlitter drag (sock). Prior to November 2000,
sel ected carcasseswere swabbed; after November 2000,
pooled broiler parts were sampled. For Campylobacter
monitoring in broilers, swabs of carcassesfrom each
flock weretaken at daughter. Approximately 450,000
broiler samples are collected each year in Denmark
(Figure 21).

Beginning in June 1995, all pig herdswith morethan
100finishersdaughtered per year were monitored for the
presence of Salmonella antibodies using aserological
testing of meat ‘juice’ collected from pigsat slaughter.
The number of meat samplestaken at daughter is
dependent on herd size. In July 2001, sampling for

Salmonella monitoring was restricted to pig herdswith
more than 200 finishers slaughtered per year. In
addition to the serological testing, samples of pig meat
from slaughterhouses were al so collected monthly for
Salmonella culture. Since January 2001, carcassswabs
were used for the culturing for Salmonella.
Approximately 830,000 pig samplesweretested each
year in Denmark (Figure 22).

Residuesinfood

The Danish Veterinary and Food Administration
conductsantimicrobial residuemonitoring of slaughter
animals, milk and eggs (Table 8). Samples are collected
using a stratified random sampling program and tested
with the official EU reference microbiological test.
From 1987-2001, samples were collected from
approximately 0.1% of finisher pigs (1998-2001). In
May 2001, the frequency of sampling was reduced
because too few positives were identified in preceding
yearsto justify continued intensive sampling
(DANMAP, 2002).
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Figure 21. SAmonellaand Campylobacter in broilers1995-2001.
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Figure 22. Salmonellain swine (% seropositive herds) and pork (% culture

positive meat samples) 1995-2001.

Table8. Frequency of antimicrobial residuesin slaughter pigs, sowsand poultry 1987-2001.

92-96 1997 1998 1999 2000 2001
Species No. % No. % No. %  No. % No. % No. %
Tested +ve Tested +ve Tested +ve Tested +ve Tested +ve Tested +ve
Pigs 96,482 0.02 19483 003 20509 0.01 21,154 002 20474 0.01 21,914 0.005
Poultry NA - NA - 221 137 0 291 0 341 0
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Interpretation

Humaninfection

Theincidence of culture-confirmed human Salmo-
nellainfectionsincreased from 1980to 1997 to apeak
incidencein 1997 (theyear prior to the cessation of most
antimicrobial growth promoters) of 95 culture-confirmed
cases per 100,000 inhabitants (Figure 19). The
incidence declined from 1997 to 2000 to 43 cases per
100,000 inhabitants. There was a modest increase from
2000 to 2001 to 54 cases per 100,000 inhabitants,
however no increasein the prevalence of Salmonellain
broiler or swine monitoring samples was observed
during this period (Annual report on Zoonosesin
Denmark 2001). Furthermore, the incidence in 2002
declined to 39 cases per 100,000 inhabitants. The
steady declinein the prevalence of Salmonellain
broiler or swine monitoring samples observed since
1995 continued during this period (Annual report on
Zoonoses in Denmark 2001). Thus the incidence of
human Salmonella infections declined following the
termination of antimicrobial growth promoters.
However, the peak in 1997 is largely due to Salmonella
enteritidis, which in Denmark is believed to originate
primarily from eggs (Annual Report on Zoonosesin
Denmark 2001). Laying hens were not fed
antimicrobial growth promoters, therefore we see no
evidence that allows usto directly associate thisfall to
the termination of antimicrobial growth promotersin
swine and poultry.

Since 1994, Salmonella serotype Enteritidishas
been the most commonly isol ated Sal monella serotype
fromill humans, followed by S. Typhimurium. Itis
estimated that approximately 80% of human Salmonella
infectionsin Denmark aredomestically acquired (Annual
Report onZoonosesin Denmark 1997). In1999-2001,
approximately 4.8-15% of human culture-confirmed
Salmonellainfectionsin Denmark werejudged to be
associated with domestic pork and 0.8-4% from Danish
broiler meat (Annual Report on Zoonosesin Denmark
1997,2000& 2001).

Itisestimated that approximately 80% of human
Campylobacter infectionsin Denmark aredomestically
acquired, and adominant source of human infectionsis
eating chicken contaminated with Campyl obacter, or
eating other foods contaminated with Campylobacter
originating from chicken (e.g., cross-contamination)
(Annual Report on Zoonoses2001). Theincidence of
human culture-confirmed Campyl obacter infectionshas
been steadily increasing since 1992, althoughit declined
dlightly in 2000 (Figure 20). There is no evidence that
the termination of antimicrobial growth promotersin
Denmark has influenced the incidence of human
Campylobacter infections.

Yersinia enterocolitica infection in humansis
believed to predominantly originate from pork. The
incidence of yersiniosis has declined steadily from a
high of 30 cases per 100,000 inhabitantsin 1994 to 4.5
casesper 100,000in 2002. Thereisno evidencethat the
termination of antimicrobial growth promotersin Den-
mark hasinfluenced theincidence of human Yersinia
infections.

Monitoringof animals

The prevaence of Salmonellain on-farm and
slaughter broiler chicken samples decreased
substantially since 1995 (Figure 21). Mean percentages
of broiler flocks positive for Salmonella on both
antemortem and postmortem testing were significantly
higher (p<0.0001) before the withdrawal of
antimicrobial growth promotersin 1998 than afterward.
The prevalence of Campylobacter in broiler chicken
samples was not significantly different before the
termination of antimicrobial growth promoters and
afterwards (Evans & Wegener, 2003).

There was adeclining trend in the preval ence of
seropositive pig herds 1995-2001(Figure 22). Based
on the within-herd seroprevalence of Salmonella,
herds were classified aslevel 1 (no or few
seroreactors), level 2 (higher proportion of
seroreactors) or level 3 (large proportion of
seroreactors). The prevalence of herds classified as
levels 2 or 3 was significantly (p<0.0001) greater
before the termination of antimicrobia growth
promotersin 1998 than afterward. The preva ence of
Salmonellainfresh pork fell from 1.1% prior to
antimicrobia growth promoter termination to 0.8%
after termination, and this differenceis statistically
significant (p=0.0290) based on 18,510 pork samples
in 1997 and 17,954 in 2000 (Evans & Wegener, 2002;
Annual Report on Zoonosesin Denmark 1997; Annual
Report on Zoonoses in Denmark 2000).

Thereisno evidence that termination of
antimicrobial growth promotersaffected thedeclining
trendsin prevalence of Salmonellain pigsand broilers
from 1995 to 2001. Whiletherearereportsintheliterat-
ure suggesting that antimicrobiasfedto food animals
canincreasethe prevalence or duration of fecal
shedding with antimicrobia-sensitiveSalmonella (the
so-called ‘ pathogen load’ effect), other studieshave
shown the opposite effect or no effect. Therefore, we
believeit morelikely that the extensive Danish pig and
poultry Salmonella control programswereresponsible
for thesetrends.

Antimicrobial resdues

Prevalencesof antimicrobial residuesin pork and
poultry meat were consistently very low from 1987 to
2001 (<0.03% positive), and appear to have been
unaffected by the termination of antimicrobial growth
promoters (Table 8).

WHO/CDS/CPE/ZFK/2003.1
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Conclusions

Overall, termination of antimicrobial
growth promoters appears not to have
affected the incidence of antimicrobial
residuesin foods or the incidence of human
Salmonella, Campylobacter, or Yersinia
infections in humans. These are the major
zoonoses in Denmark that may be associated
with consumption of pork and poultry. Inan
industry aggressively pursuing successful
Salmonella reduction strategies,
antimicrobial growth promoter termination
appears not to have affected the preval ence of
Salmonellain pig herds, pork, broiler flocks
and poultry meat, or the prevalence of
Campylobacter in poultry meat.

Impact of the termination of
antimicrobial growth promoters
on animal health (morbidity) and
welfare!

Data

1. Research study on selected swine farms
in Denmark

One hundred and fifty farrow-to-finish
pig farms were identified by specialized swine
veterinary practitionersand enrolled in a
1998-2000 longitudinal study of pig health
and antimicrobial use (Larsen, 2002). In the
absence of accurate clinical or laboratory
diagnosesin all cases, farmerswere asked to
record their indications for antimicrobial
treatment. To enable comparison over time
and to summarize across farms, rates of
farmer-recorded indications were expressed
as treatment indications per pig-month
(Figures 23 and 24).

1 The impact of antimicrobial growth promoter
termination on mortality in pigs and broilers is
addressed under ‘Impact of the termination of
antimicrobial growth promoters on animal production
(swine and poultry)’ because only crude data (i.e. not
cause-specific mortality data) were collected for the
purposes of monitoring animal production. This
section focuses on issues related to morbidity. The
animal welfare issues addressed are confined to animal
health issues (physical welfare).
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Figure 23. Averagefrequency of indicationsfor antimicrobial
treatment among weaner sper pig-month at risk (number of farms
contributing data per month listed at top).
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2. Broiler health data

Broiler health information was provided by Danpo A/S, which
slaughters and processes approximately 40% of broilersin Denmark.
The dataincluded flock-level occurrence of necrotic enteritis, need
for therapeutic antimicrobials, and condemnation rates for diseased
broilers at slaughter (Figure 25).
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Figure25. Per cent broilerscondemned at slaughter 1997-2002.
(A spikein condemnationsunrelated to antimicrobial growth
promoter termination occurred in March 2000. It was caused by an
E. coli infection that spread from a breeder flock to commercial
flocks)

3. Laboratory submission data

We were provided with the following graph showing the number
of diagnostic submissionsto the Danish Veterinary Institute, 1997-
2000 (Figure 26).
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Figure 26. Submissions to DVI 1997-2000. Weaned piglets, growers
and finishing pigs.
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Interpretation

Swine

Datafromthelongitudinal study of farrow-to-finish
farms(Larsen, 2002) suggest that most antimicrobial
treatmentsin both weanersand finisherswere
administered for diarrhea. Among weaners, therewas
someincreaseinincidenceof diarrheatreatment inthe 6
monthsprior to antimicrobia growth promoter
termination, but amuch greater increase occurred after
termination and continued for ayear without decline.
Many farmersand veterinariansreported difficulties,
sometimessevere, controlling post-weaning diarrhea
among weaners. The results of this study show an
increasein treatmentsfor diarrheain the post-weaning
period after thetermination of antimicrobia growth
promoters. Theincreasein diarrheatreatmentswas
based on farmer reports. Sincethe occurrence of
diarrheawas usually not confirmed by veterinary or
laboratory diagnosis, itislikely that theincidence of
diarrheatreatments was higher than theincidence of
diarrhea. Therefore, whileitisclear that someincreasein
incidence of diarrheaoccurred, both the extent of the
increasein diarrheaand the etiology of thediarrhea
remain unclear. According to specimens sent to the
Danish Veterinary Ingtitute (DV1), many of these cases
of diarrheaare caused by toxigenicEscherichiacoli or
Lawsonia (datanot shown). Laboratory datafrom the
Danish Veterinary Institute suggest that there were
modest increasesin diarrheasubmissionsfrompigsin
early 1998 andinlate 1999 to mid-2000.

In 1999, when antimicrobial growth promoterswere
used only in weaners, 78% of antimicrobia growth
promoters by weight were quinoxalines. Quinoxalines
(carbadox and olaquindox, which werebanned in 1999
by the EU due to concerns about toxicity to humans
from occupational exposure) weretheonly antimicrobial
growth promoters available with significantin-vitro
activity againgt E. coli or useful for therapy of Lawsonia
infections (Prescott, etal. 2001) (tylosinisreported to
have activity against Lawsonia, but it was banned by
the EU asagrowth promoter in 1999). Inthe Larsen
(2002) study, the post-weaning diarrheaproblems
leading to antimicrobia treatment increased from an
average of approximately 0.4 treatments per pig-monthin
thesix monthsprior to antimicrobia growth promoter
termination inweaners, to approximately 1.0 treatments
per pig-monthinthesix monthsafter termination.

Among finisher pigs, therewas also anincreasein
incidence of diarrheatrestment after antimicrobial
growth promoter termination, however, incidence began
to declineafter 7 months, returning to pre-antimicrobial
growth promoter terminationincidence after oneyear.
Problemswith controlling Lawsoniaintracellularis
infections (diarrhea) werereported, and thisinfectionis

WHO/CDS/CPE/ZFK/2003.1

widespread in Danish pig herds (Jensen, 2002). Among
finishers, sometreatments may have been administered
inreactionto fearsof possible disease evenif not
actually present (Larsen, 2002).

We are unaware of any other animal health and
welfare problemsin swinefollowing thetermination of
antimicrobial growth promoters. Although theissueof
ear necrosisin swinewasraised from thefloor during
the conference, there are no data on the extent of the
problem or to support an associ ation between the
problem, if present, and termination of antimicrobial
growth promoters.

Poultry

Prior to thetermination of antimicrobial growth
promoters, theindustry anticipated some problemswith
necrotic enteritis (NE), adisease associated with
Clostridiumperfringensinfection. A fundwas
established to compensate producersfor losses should
they occur, and producerswereinformed about the
clinical signsof NE intheir flocksto enhanceearly
recognition. Inthefirst year after termination, diagnoses
weremadein 25 of 1700 flockscompared with 1-2 per
1700flocksannually prior to termination. Approximately
24kgof amoxicillinwasusedtotreat affected flocks. Itis
reasonabl e to assume that with this compensation fund
available, ahigh proportion of flockswith NE would be
identified, however, only 15% of the compensation fund
was utilized.

There was some concern among veterinarians that
there might be cumulative build-up of Clostridium
perfringensin barnsafter multiplebroiler flocks,
eventual ly leading to outbreaks of NE or increased liver
condemnations, however these problems did not
materialize. Theimpact of NE has probably been
considerably reduced by the continued use of
ionophoresinthefirst 18-20 daysof life(Tornge, 2002).
lonophores (e.g. monensin, narasin, salinomycin) are
antimicrobialsthat are approved in Denmark and many
other countriesascoccidiostats(i.e. preventivesof
coccidiosis, aparasiticinfection). Coccidiosis
predisposesbroilersto NE, and ionophores may al so
directly suppressClostridiumperfringensand therefore
NE. Sinceantimicrobia growth promoter termination,
Danish broiler producersbelievethat ionophoresarethe
only effective means of NE prophylaxis, and continueto
usethemfor this purpose. Experimentsconductedin
Denmark and el sewhere showed that severe NE out-
breaks occurred when coccidiosisvaccineswereusedin
placeof ionophores(Tornoe, 2002).

For several monthsfollowing antimicrobial growth
promoter terminationin early 1998, condemnation rates
of broiler carcassesat slaughter increased by
approximately 0.1%. Theindustry attributed theincrease
to acombination of factors, including antimicrobial
growth promoter termination, occurrence of avian
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leucosisin some parent flocks, and disease secondary to
vaccination of onerotation of broiler flocksfor Gumboro
disease (also called InfectiousBursal Disease, avira
infection). Subsequently, condemnation ratesin broilers
declined. A spikein condemnationsunrelated to
antimicrobial growth promoter termination occurredin
March 2000. It was caused by an E. coli infection that
spread from abreeder flock to commercial flocks.

Weare unaware of any other animal health or
welfare problemsin poultry that can be clearly attributed
to thetermination of antimicrobia growth promoters. It
has been suggested that there were increased footpad
and skin problemsinthebroiler industry after the
concomitant termination of the use of antimicrobial
growth promoters and meat and bone meal in broiler
rations. However, we have noinformation on the extent
of these problemsbefore theantimicrobial growth
promoter termination, and thereisno further
documentation that exclusion of antimicrobial growth
promoters and/or meat and bone meal caused these
problems (Petersen, 2002). One study conducted after
the termination showed that asignificant reductionin
skin and foot problems could be achieved without using
antimicrobial growth promoters, by changing manage-
ment practices, e.g. using wood shavingsfor litter
instead of straw.

Conclusions

In swine, therewasasignificant increasein
antimicrobia treatmentsfor diarrheain the post-weaning
period after thetermination of antimicrobial growth
promoters. A less pronounced and transient increasein
antimicrobial treatment for diarrheawasa so observedin
finishers. Inbroilers, necrotic enteritiswasat most a
minor broiler health problem following thetermination of
antimicrobial growth promoters, largely because
producers continued to use ionophoresfor the
prophylaxisof necrotic enteritisand coccidiosis.

Impact of the termination of
antimicrobial growth promoters on the
environment

Data

We are not aware of any Danish national
monitoring programs or directed studies that
specifically assessed the impact of antimicrobial
growth promoter termination on the environment.

There are however some data available on nitrogen
and phosphorus. In 1990/1991 the volume of nitrogen
spread in the environment from animal manure was
244,000 tonnes. This has been reduced to 220,000 tons

in 2001/2002 despite a significant increase in animal
density in the same period (Figure 27) (The Danish
Government 2002). The nitrogen content of manure has
been reduced substantially since 1985 by reducing the
protein content in the feed and by improved feed
efficiency. The content of nitrogen in pig manure has
been reduced by 39 percent from 1985 to 1999 (The
Danish Gorvenrment 2002).

Interpretation

Webelievethat the possible environmental effects
of antimicrobial growth promoter terminationinthe
following areas deserve consideration: heavy metals
(e.g. zinc, copper), soil nutients (e.g. nitrogen,
phosphorus), bacteriaand antimicrobial residues.

Theaccumulation of Cuor Znin soilsfromtheuse
of highlevelsof these mineralsin pig dietsisaconcern.
Inclusion of copper in post-weaning piglet rationsto a
maximum permitted concentration of 175 ppm reduces
diarrheaand increases performance (Poulsen and
Carlson, 2002).

Zinc oxideat 2,000-3,000 ppminweaner pigrations
has been shown to reduce the incidence and severity of
diarrhea. However, ration concentrationsexceeding 250
ppm arenot permitted in Denmark for environmental
reasons (Poul sen and Carlson, 2002). There appearsto
be no data describing the amount of zinc oxide actualy
used in pig dietsin Denmark, or on any change in usage
after termination of antimicrobial growth promoters.

Theeffectsof antimicrobia growth promoter
termination on total nitrogen and phosphorus output in
animal manureappear to benegligible. Available nationa
dataindicate that surpluses of these nutrients from
agriculture continued to declinefollowing termination.

Nitrogen and Phosphorus Surplus in Danish Agriculture
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Figure27. Nitrogen and phosphorussurplusfrom
agriculturein Denmark (Source: National
Environmental Research Institute).
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Conclusions

There was no evidence of any adverse
environmental effects dueto thetermination
of antimicrobial growth promoters, although
thereisvery littledataavailablewith which
to make an assessment. The effects of
antimicrobial growth promoter terminationon
total nitrogen and phosphorus output in
animal manure appear to benegligible.
Available national data indicate that
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Figure 28. Total production ot pork in Denmark, 1960-
2001 (Landbrug, 2001).

. . 400
surpluses of these nutrientsfrom agriculture .
continued to declinefollowing termination. 350 r————_ /]
300
o 250 /f/‘
<
Impact of the termination of 2 %0 /
P ; ; = 150 2=
antimicrobial growth
promoters on animal 100
production (swine and poultry) >0
0 T L— L—

CECIC I L C N
Source: Landbrug 2001, Table 12.27

Figure 29. Domestic consumption of pork in Denmark,
1960-2001 (Landbrug, 2001).

Data

SwineProduction
The amount of pig meat produced in

Denmark and the amount consumed
domestically areshownin Figures 28 and 29,
by year since 1960 (Landbrug, 2001). Figure
30 showsthe number of pig producersin

Denmark 1972-2001. 100000
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Figure 30. Number of pig producersin Denmark 1972-2001.
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TheNational Committeefor Pig Production operates
aswine production records system (efficiency control
program), to which pig producers submit datamonthly.
Of approximately 13,500 pig producersin Denmark,
about 1,500 (11%) participatein thisprogram. The
following two graphs (Figures 31 and 32) show the
growth rate and % mortality of finishing pigs and
weaner pigsin Denmark during the last several years, as
estimated by this records system (Callesen, 2002).
Table 9 shows feed efficiency datafor weaners and
finishers 1996-2002.
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Figure31. ProductivityinFinishers: Danish Pork
Board (Callesen, 2002).
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Figure 32. Productivity in Weaners. Danish Pork
Board (Callesen, 2002).
Table 9. Feed efficiency in weaners and finishers
1996-2002*.
Feed Efficiency
Weaners Finishers (30-100
(0-30kg) kg)
Year Fead U“F',l?z,{fmd“oaj Feed Units/ Kg gain
1995 979 29
1996 97.6 293
1997 97.1 2.89
1998 94 291
1999 99.2 2.89
2000 99.3 2.89
2001 99.3 2.89

*Performance figures from herds with efficiency control
**Feed for sows (but not gilts) included
Source: The National Committee for Pig Production, Danske
Slagterier. Annual Reports 1995-2002.

Broiler Production

Theamount of poultry meat produced in Denmark
and the amount consumed domestically are shown
below in Figures 33 and 34, by year since 1960 (L and-
brug, 2001).
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Figure 33. Total production of poultry in Denmark,
1960-2001
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Figure 34. Total Poultry Meat Available for
Consumption, 1960-2001
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Dataon broiler productivity collected by the Danish
Poultry Council areshowninthe Figures 35, 36 & 37.
Therecordswere of several performance and descriptive
variablesof individual flocks. A first dataset included
6,815 flocksfrom 237 farmsand 575 houses, covering the
period beforeand after thetermination of antimicrobial
growth promoters, from November 1995to May 1999. A
second dataset included 6,179 flocks slaughtered
between June 1999 and June 2002 (Emborget al ., 2002b).
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Figure 35. Mean monthly kilogram broilers produced
per square metre.
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Figure 36. Mean monthly feed conversion ratio.

Percent dead broilersin total
November 1995 to June 2002

Percent dead broilers

T

AGP stop

3
FESISS SIS E SIS EFEFE LI LSS
RoRtS Data: Danish Poultry Council

Figure 37. Mean monthly percent dead broilers.
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Interpretation

Thissectionreviewsinformation ontheimpact of
antimicrobial growth promoter termination on pig and
poultry production. The next section (Economicimpacts
of thetermination of antimicrobial growth promotersin
Denmark) addressesthefinancial impact of termination
on industry and the national economy.

SwineProduction

There has been a steady increasein total pork
productionin Denmark since 1990 despite asteady
decrease in the number of pig producers. These changes
reflect the dynamic nature of theindustry and its
adaptability, and arelikely to have been driven largely
by macroeconomic factors, national policy, and other
factors. These changes were not obviously affected by
thetermination of antimicrobial growth promotersin
1998-1999.

Based on production records, the number of daysto
100 kg body weight (birth to approximate daughter date)
decreased by 2.4 daysfrom 173.9in1997t0171.5in 2001
(i.e. animprovement of 1.4%). However, atrendline
extrapolated from previousyears data suggeststhat
improvementsin geneticsand production technol ogy
would likely haveresulted in areductionin the ageto
reach 100 kg to 169.9 daysin 2001, without the
termination of antimicrobia growth promoters(Calleson,
2002). That suggestsatrue cost of termination of
antimicrobia growth promotersmay have beenan
increaseof 1.6 days(171.5—169.9) toreach100kg(i.e. a
lossof 0.9%).

Therewasanincreasein average mortality in
weanersfrom2.9% (1995-1998) t0 3.5%(1999-2001) after
thetermination of antimicrobia growth promoters. This
increased mortality has persistedinthetwo years
following thetermination (Callesen, 2002). Therewasa
decrease of 2.6% in average growth rate of weaners,
from422gm/day (1995-1998) to411gm/day (1999-2001),
after termination of antimicrobial growth promoters.
After thedecreasein daily gainto 407gm/day in 1999,
theaverage growth rateincreased to 415gm/day in 2001.
Theaverage age of pigsat 30kg hasincreased from 82.7
days(1995-1998) to 85.4 days (1999-2001), anincrease of
2.7 days.

It was estimated that it took 2.7 additional daysto
reach 30 kg but only 1.6 additional daysto reach 100 kg.
Considering the assumptionsrequired for estimation of
thesetwo numbersand thereforethe errors of
estimation, these values (2.7 daysand 1.6 days) may
actualy betwo estimates of the same number. If o, it
appearsthenthat nearly all of the effect of antimicrobial
growth promoter termination onthe agerequired to
reach 100 kg occurred beforethe pigsreached 30 kg
body weight (i.e. theweaner period), withlittle or no
effectinthelater growth stages. Alternatively, the
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estimate of an increasein daysdueto termination of
antimicrobial growth promotersto 100kg for pigsof 1.6
days compared to 2.7 daysto 30 kg may be dueto
compensatory growth after 30 days. Therewasno clear
effect of thetermination on feed efficiency during
finishing, but therewasanincrease of 1-2%in feed units
required per weaner produced following thetermination
of antimicrobial growth promoters. Theremay be
multiplefactorsthat contributed to thisincrease,
includingincreased incidenceof diarrhea, additional
daysto reach 30 kg, and perhaps other effects beyond
disease prevention (e.g. effectson nutrition, physiology,
commensa intestind microbial flora) (SOU, 1997).

The 2.6% reductionin growth rate of weaners
standsin contrast to five recent controlled experiments
of the Danish National Committee on Pig Production that
show an average 10.8% increasein growth ratein
responseto antimicrobial growth promoters(Kjeldsen,
2002). Thisissomewhat surprising becausewewould
expect that responsesto these antimicrobial swould be
greater where health is poorer, and we would al so expect
that pigs on research farmswould be healthier than pigs
on commercia farms. However, thelatter isnot always
true and we have no details about the health status of
the pigs used in these experiments. In many fields of
science the magnitude of results obtained under
experimental conditionsisdifferent thanthat obtainedin
thefield situation for awhole variety of reasons, anditis
possiblethat under field conditionsin Denmark,
antimicrobial growth promotersdid not haveavery
substantial effect on growth. Alternatively, thesmaller
change over timethan was predicted from the controlled
experiments may have occurred because something in
addition to just stopping the use of antimicrobial growth
promotersalso occurred during this period. One
possibility was that Danish pig producers reacted to the
termination of antimicrobia growth promotersby making
other management changesto improve pig health. Itis
clear that one response was an increase in therapeutic
use of antimicrobialsinweaners. Itislikely that many
producers adopted non-antimicrobial production
enhancers and/or they altered production systems with
such changes as adoption of other feed ingredients,
tightening biosecurity, improving sanitation, increasing
weaning weights, adopting all-in-all-out pig flow,
reducing stocking density, or others. Such changesin
production systemswould be especially important to
producers because many of the changeswould require
capital investment that in some cases could be
substantial. Unfortunately, no studieswere doneto
specifically determinewhether, and to what degree, and
at what cost, termination of antimicrobial growth
promotersinfluenced producersin Denmark to adopt
non-antimicrobial production enhancersand/or altered
production systems. National expertsinindustry
reported that all-in-all-out management was adopted for

avariety of reasons, and that there has not been a
reduction in stocking density in theindustry overall. We
think it isimportant to point out that at the sametime
that antimicrobial growth promoterswereterminated, the
industry was adapting to other programs affecting
management, including Salmonella control and animal
welfareregulations. We believethat termination of
antimicrobial growth promoterswasonefactor among
several that may have led to changes in production
systems, and with the available data we cannot identify
theindividual effectson overall production of these
different interventions, nor their associated costs.

There hasbeen no major effect of theantimicrobia
growth promoter termination on productivity in
finishers. The average percent mortality of finishers
increased from 3.1%(1995-1997) to 3.5%(1998-2001),
after thetermination of antimicrobial growth promoters.
However, thisdlight increasein mortality rate appearsto
be a continuation of the trend observed since at least
1992. Theaveragegrowth rate of finishersincreased 6%
after thetermination of antimicrobial growth promoters,
from 761gm/day (1995-1997) to 806 gm/day (1998-2001).
However this change also appears to be a continuation
of thetrend observed since at | east 1995 (Calleson,
2002).

Thereisno clear evidencethat theincreasesin
mortality and weight gain of finishing pigsare
associ ated with thetermination of antimicrobial growth
promoters. Itisour interpretationthat if thereisan effect
on mortality and weight gainin finishers associated with
thetermination of antimicrobial growth promoters, it
appearsto be very small and therefore not detected in
the available data

Conclusions- SwineProduction

Thetermination of antimicrobial growth promoters
resulted in somelossof productivity, primarily in
weaners. Therewasno mgjor effect of theantimicrobial
growth promoter termination on productivity in
finishers. The economic effectsof theantimicrobial
growth promoter termination on the pig producer
(discussed inmoredetail later inthe report) would have
been variable and presumably may have included some
or all of thefollowing: costsassociated with
modifications of the production systemstoincreasepig
health, decreased feed efficiency, reduced growth rate
and increased mortality in weaners, increased use of
therapeutic antimicrobialsand costs associated with
purchasing alternativesto antimicrobia growth
promoters. Some of these costs (e.g. increased
therapeutic antimicrobia s, reduced growth rate) have
been measured and were not large, but others, especially
some costs associ ated with modifications of the
production systems, are difficult to measureand were
not included in this report, although they may have been
substantial for some producers. These costswould have
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been at least partialy offset with savings associated
with not purchasing antimicrobial growth promoters.
Overall, total volumeof pork productionin Denmark
continued to increasein the period following the
termination of antimicrobia growth promoters.

Poultry Production

There hasbeen an increasein total poultry meat
productionin Denmark since 1990. Thisincreaseisnot
obviousdly affected by the termination of antimicrobial
growth promotersin 1998, and perhapsisdriven by
major market forces.

Therewasno detrimental effect of thetermination of
antimicrobial growth promoterson either mortality or
weight gainin broilers. Therewas however adecreasein
feed efficiency. Theamount of feed requiredtogain 1 kg
of broiler weight (feed efficiency), increased from 1.74
ka/kg (1995-1997) to 1.78 kg/kg (1998-2000), anincrease
of 0.04 or 2.3%. A statistical analysisof datafromthe
6,815 flocksin thefirst dataset described above,
adjusting for several factors, produced an estimate of
thedecreaseinfeed efficiency of 0.016 kg/kg or 0.9%
(Emborg et al ., 2002b). Cal cul ations suggested that the
savings associated with not purchasing antimicrobial
growth promotersalmost exactly offset the cost of the
smaller (i.e. 0.016 kg/kg) estimate of reductioninfeed
efficiency.

Theaveragemortality in poultry was4.1% (1995
1997) beforeand 4.0% (1998-2000) following
antimicrobial growth promoter termination. Mortality
increased to 4.5%in 1998 but then declined to 3.8%in
1999 and 2000 (Emborg et al ., 2002b).

The average weight of broilersat 42 daysof age
increased from 1,959gm (1995-1997) whileantimicrobial
growth promoterswerebeing used to 2,012gm (1998-
2000) after thetermination. Thisincreaseinweight gain
appears to be a continuation of the trend observed since
at least 1995.

Some costs associated with modificationsto the
production systemsare difficult to measure and were not
included in the report, although they may have been
substantial for some producers.

Conclusions—Poultry Production

Based on available data, the effects of antimicrobial
growth promoter termination on poultry production
appear to be small and limited to decreased feed
efficiency (-2.3%) that isoffset, in part, by savingsinthe
cost of antimicrobial growth promoters. Therewereno
changesin weight gain or mortality that appeared to be
related to thetermination of antimicrobial growth
promoters.
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Economic impacts of the termination of
antimicrobial growth promoters in Denmark

Data purchasing antimicrobial growth promoters. Thus the
overall impact on the cost of poultry productionis

Finn K Udesen (Jacobsen and Jensen, 2003%) from assumedto bezero (Emborget. al. 2002b).

the National Committeefor Pigs, hasestimated that the Jacobsen and Jensen (2003) estimate theimpact on
productivity losses outlined above incurred by the Danish economy of termination of antimicrobial
removing antimicrobial growth promotersinthe growth promotersusing ageneral equilibrium economic
production of pigshas cost approximately 7.75 DKK model of theagricultural sector in Denmark. The model
(1.04€) per pig produced. A breakdown of thesecostsis  estimatestheeffect of antimicrobial growth promoter
shownin Table 10 below. termination on pig and poultry production, the

Table 10. Productivity reductions and cost per produced pig incurred by removing AGP.

Units Unit cost DKK per pig produced
Excess mortality 0.6% 425 DKK/pig (20 kg) 2.55
Excess feeding days 1.6 days 1.10 DKK/day 175
Increased medication 25,500 kg 53 mill. DKK 2.25
Increased workload 30 sec./pig 145 DKK/hour 1.20
Total cost 7.75

Source: Estimates made by Finn K. Udesen from the National Committee for Pigs

In addition, thereisevidencefromthe DanishBacon  agricultura sector and the Danish economy morewidely.

and Meat Council (personal communication, 2003) that The model uses abaseline scenario which projectsthe
pig producers spent nearly 1 DKK per pig extraon likely development of the Danish economy t0 2010. As
organic acidsinfeed. However, thisadditional cost was part of thisbaseline scenario, pig productionis
offset by an estimated 1 DKK per pig saved by not projected toincrease by 30.5% over the 1995-2010 (an
using antimicrobia growth promoters. average 1.8% per year). The estimated increasein pig
In the case of poultry, evidence presented in the production costsof 7.75 DKK per pigtransatesintoan
production section above suggested that the cost increasein pig production costs of just over 1% (see
associated with thereduction infeed efficiency dueto Table 11 below), with an assumed 0.0% changein
antimicrobial growth promoter termination wasal most poultry production costs.

exactly offset by savings associated with not

Table 11. Estimated total cost increase for pig keeping in Denmark, percent.

1997/98 Sensitivity analysis
-25% +25%
Produced pigs per sow 20.0 20.0 20.0
Extra production cost per pig produced DKK.. 7.75 5.81 9.69
Extra production cost per sow DKK 138 103 172
Total pig keeping cost per sow DKK 14832 14832 14832
Percentage increase in costs 1.05 0.78 1.31

Source: Economics of Agricultural Enterprises, Serie B. Economics of Agricultural Enterprises.
Danish Research Institute of Food Economics and own calculation

1. This reference is a revised version of the paper presented at
the conference in Foulum. In response to queries from the Panel,
some of the estimated production costs were updated, the
economic analyses were recalculated and some of the text was
revised.
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For purposes of analysis, two additional cost
scenarioswere a so considered, where pig production
costsare assumed to increase by 25% more or 25%less
thanthe Udesen estimate of 7.75 DKK. Theseadternative
scenariosareshownin Table 11.

These estimateswereinput into the economic model
to calculate the economy wide effects of removing
antimicrobial growth promotersfrom feedstuffsin
Denmark. Theresultsof running themodel (see Table
12) show arelatively small reductionin pig production of
around 1.4% per annum asaresult of antimicrobial
growth promoter termination (giving aforecast growth
of pig production of 28.7% from 1995-2010 compared to
the 30.5% of the baseline scenario), and an increase of
0.4% in poultry production. Thelatter result isbecause
poultry production isacompetitor to pig production
both for inputs and consumption and so indirectly
benefitsfromlower pig production. Exportsof processed
pig meat areforecast to be 1.7% lower than they would
beinthe absence of antimicrobial growth promoter
termination, and export volume of poultry meat increases
by 0.5%.

The 25% sensitivity analysisresults (which allow
for some uncertainty asto theimpact on production
costsof withdrawal of antimicrobial growth promoters)
show arange of 1%-1.7% reductionin pig production
and 0.27%to0 0.45% increasein poultry production.

Table 12. Consequences of withdrawal of
antimicrobial growth promoters, percentage changes.

Production Export
Agriculture:
Cered 0.1 0.1
Oilseed 0.2 0.1
Potatoes 0.1 0.1
Sugar beet 0.0
Roughage 0.0
Cattle, live animals 0.0
Milk 0.0
Pig, liveanimas -14
Poultry and eggs 04
Fur farming 0.1
Horticulture 0.1 0.1
Manure 0.6
Processing:
Cattle meat 0.0 0.1
Pig mesat -14 -1.7
Poultry mest 04 0.5
Dairy 0.0 0.1
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Taking into account ‘ knock-on’ effectswithinthe
agricultural sector and the Danish economy more
generaly, theoverall estimated impact for the Danish
economy of antimicrobia growth promoter terminationis
areductionof 0.03% (363 million DKK (48 million€) by
2010 at 1995 prices) in real GrossDomestic Product
(GDP). The 25% sensitivity analysisresultsshow a
range of areduction of 270 million DKK to 452 million
DKK in GDPfor the Danish economy. Theanalysis
assumesthat antimicrobial growth promoter termination
doesnot affect domestic consumer preferencesor export
markets.

Interpretation

Therearetwo main limitationsto the preceding
analyses of theeconomicimpact of antimicrobial growth
promoter terminationin Denmark.

Thefirstisthat the above estimates of the effect of
antimicrobial growth promoter withdrawal on production
costs may be subject to error. Although datarecords and
information on pig and poultry productionin Denmark
arevery good, estimates of theimpact of individual
changesin production systems, such as termination of
antimicrobial growth promoters, arevery difficult to
make given the multitude of factorsthat may be
changing over the sametime period being considered.
Theeffect of antimicrobia growth promoter termination
on pig production costsislikely to have been variable
andwill haveincluded someor all of thefollowing:
decreased feed efficiency, reduced growth rateand
increased mortality in weaners, increased use of
therapeutic antimicrobial sand purchase of alternatives
toantimicrobial growth promoters, and costs associated
with modificationsof the production systemsto increase
pig health. Some of these costs(e.g. increased
therapeutic antimicrobials, reduced growth rate) have
been measured and were not large, but others, especially
some costs associ ated with modifications of the
production systems, are difficult to measureand were
not included in this report, although they may have been
substantial for some producers. It ispossiblethat some
of these difficult to measure costs might be addressed in
future studies designed and carried out to specifically
and accurately measure these costs on representative
farms. Representatives of the Danish Bacon and Meat
Council (persona communication, 2003) believed that
changes to pig production systems other than those
accounted for in the economic analysis presented above
were driven by other factors and were not the result of
withdrawal of antimicrobial growth promoters.

Second, the above analyses do not take into
account the possible positiveimpact that withdrawal of
antimicrobial growth promotersmight have had (or may
have in the future) on consumer demand, both in the
domestic market and exports (for both Danish pig and
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poultry products). Indeed, the macroeconomic model of
Jacobsen and Jensen (2002) explicitly assumesthat
consumer perceptions of pig and poultry meat do not
changeasaresult of antimicrobial growth promoter
termination. In Denmark, thepork industry isvery
important, representing almost half of agricultural export
and 6% of al exports. Denmark isthelargest exporter of
pork intheworld, and approximately 85% of production
issold abroad. The most important export marketsare
Germany, UK and Japan. Priceand quality are conside-
red to bethe most important factorsfor sales, followed
by food safety considerations, including use of
antimicrobial growth promoters. The Danish pigindustry
istherefore sensitiveto possible consumer, food
manufacturer or food retailer concerns, either now orin
thefuture. It would be expected that termination of
antimicrobia growth promoterswould add to consumer
confidencein Danish pig meat, give Danish producers
some competitive advantage and help to increase or, at
least, maintain consumer demand and retain accessto
some valuable markets or product segments (see
Lauritsen, 2001). Evidencethat thishashappenedis
difficult to find dueto the many factorsinfluencing the
demand for pig meat and pig meat prices. Thus, this
likely benefit to the pig and poultry industriesremains
unaccounted for.

Itisclear that the actual total production of pig meat
and poultry meat have not been noticeably affected by
antimicrobia growth promoter termination (Lauritsen
2001, Landbrug, 2001). Pig prices have increased by
around 19% per annum from 1999 to 2001 and largely
as aresult gross margins (value of output lessvariable
costs) in pig production have increased substantially

(by 145% from 1999 to 2000 and by afurther 39% from
2000to0 2001 for daughter pigs, see Table 13). Thisis
likely to have moreto do with the price fluctuations of
thepigcycle(i.e. thehistorically-observed cyclical
fluctuationin pig pricesover time) than dueto
antimicrobia growth promoter terminationin 1998 or
other adjustmentsto pig production systems. (Similarly,
the price of meat for consumershasvaried greatly
between 1992 and 2001. The pricefor ham has changed
from 45.0 DKK/kgto 65.7 DKK/kgwith no obvious
relationship to thetermination of antimicrobial growth
promoters.)

Thisrelatively favourable economic climate for pig
producersover the period following antimicrobia
growth promoter withdrawal may have aided the Danish
pig industry in adapting to the change without undue
pressure on profitability in the short-run.

Conclusion

The net costs associated with productivity losses
incurred by removing antimicrobia growth promoters
from pig and poultry production wereestimated at 7.75
DKK (1.04 €) per pig produced and no net cost for
poultry. Thistrandatesinto anincreasein pig
production costs of just over 1%. Some of these costs
(e.g. increased therapeutic antimicrobial s, reduced
growth rate) have been measured and were not large, but
others, especially some costs associated with
modificationsof the production systems, aredifficult to
measure and were not included in thisreport, athough
they may have been substantial for some producers.
Resultsfromusing agenera equilibriummodel of the
Danish economy suggest that, as aresult of this change

Table 13. Average pig prices and gross margins for Danish pig producers 1992-2001.

1992 1993 1994 1995

Average
Pig
priceskg
(DKK)

1240 969 1015 1039

Gross
margin
weane's
(DKK)

200 1802 141 183

Gross

mar gin daughter
pigs

(DKK)

132 1152 76 107

1996 1997 1998 199 2000 2001
1137 1168 824 792 946 1126
220 230 109 103 195 230
135 138 51 51 125 164

Data source: DS statistics 1992-2001
a Estimated figures
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in costs, pig production would be around 1.4% per
annum lower than might be expected and poultry
production 0.4% per annum higher due to termination of
antimicrobia growth promoters. Thelatter resultis
because poultry production isacompetitor to pig
production both for inputs and consumption and so
indirectly benefitsfrom lower pig production. The
overd | estimated impact for the Danish economy of
antimicrobial growth promoter terminationisareduction
of 0.03% (363 millionDKK (48 million€) by 2010a 1995
prices) inreal Gross Domestic Product (GDP).

Any additional cost to production and the national
economy may be, at least partially, offset by the benefits
of increased consumer confidencein, and demand for,
Danish pig and poultry mesat produced without
antimicrobial growth promoters. Alsoto beset against
the cost arethelikely human health benefitsto society
of antimicrobial growth promoter termination.

Attempts to manage effects of
termination of antimicrobial growth
promoters

Many of the direct attemptsto manage possible
animal health effectsof antimicrobial growth promoter
termination were discussed in preceding sections(e.g.
antimicrobial therapy, financial compensationfor
necrotic enteritislossesin poultry). Some attemptswere
also madeto mitigate expected lossesin production
efficiency. For example, poultry feed companiesmade
various changesto feedsto optimise efficiency and
wholewheat and feeding enzymeswere extensively used
inrations (Emborget al ., 2002b), however, wedo not
know if these practiceswere effective.

I'n anticipation of antimicrobial growth promoter
termination, Denmark invested in considerableresearch
towardsefficient production of healthy pigsand broilers
without antimicrobial growth promoters. Anima health
research focused on thefollowing strategies: to prevent
introduction of infectious disease onto farms (e.g.
enhanced biosecurity); to enhance natural disease
resistance by selective breeding; to control spread and
severity of disease within farms; to devel op rationsthat
protect against entericinfection; andto efficiently
identify sick animalsfor treatment (Bagkbo, 2002;
Baadsgaard, 2002; Madsen and Pedersen, 2002;
Henryon and Berg, 2002; Juul-Madsenet al ., 2002).
Among management methods that can be used for
enhanced biosecurity, specific-pathogen-free (SPF), al-
in-all-out (AIAO), and wean-to-finish housing have
been explored. AIAO management in the post-weaning
phase shows considerable potential for controlling
enteric disease (e.g. Lawsoniaintracellularis),
especially with clean-up of facilitiesbetween batches
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(Baekbo, 2002). We do not know how extensively these
technol ogies and management changes were adopted as
aconsequence of antimicrobial growth promoter
termination, and acknowledge that they often require
capital investmentsor other costs (Kjeldsen, 2002).
National expertsinindustry explained to usthat some
changes (e.g. AIAO management) were adopted and for
anumber of reasons, not only termination of
antimicrobial growth promoters, and that these changes
had occurred over anumber of years.

Vaccines are used in Danish swine production to
prevent respiratory tract infections, systemicinfections
and neonatal diarrhoea, however, no vaccines are
currently availablefor the prevention of enteric
infectionsin weaned pigs. TheL. intracellularisvaccine
currently availableinthe U.S. has not been marketed in
Europe, but a newly developed, live attenuated vaccine
for this pathogen isunder evaluation in Denmark. There
is also ongoing Danish research on antigens of L.
intracellularisin pigsand E. coli in pigsand poultry,
but successful candidatesfor effectivekilled vaccines
arenot anticipated in the near future. While
devel opment of cost-effective vaccinesto prevent post-
weaning enteric diseasesin pigsisahigh research
priority, thesevaccinesareviewed aslong-term
solutions.

Danish researchers have conducted many studiesin
search of feeding strategiesthat improve health status
and at the sametimeimprove growth performance,
athough we do not know the extent to which they have
been adopted in the industry. In pigs, organic acids and
fermented liquid feeds showed some promise, although
resultsfrom studies of enzymes, probiotics,
oligosaccharides and plant extractswereless
encouraging (Canibeet al, 2002; Kjel dsen, 2002). Useof
coarsely ground feed tended to reducerisk of infection
with Salmonella and someE coli, however, growth
performance appeared to suffer (Jensenetal ., 2002).
Somewhat similar resultswereobtainedin broiler studies
of variousfeed additives, with positive effectsfrom
organic acids, whole wheat and non-starch
polysaccharide-degrading enzymes (e.g. xylanose) and
littleeffect from probioticsand oligosaccharides
(Engberg, 2002).

Weconcludethat Danish farmers, veterinarians,
feed companies and researchers have been successful in
managing many of the effectsof antimicrobial growth
promoter termination. Moreeffortsare needed, however,
to completely overcome problemswith diarrheainthe
post-weaning phase of weaner pig production.
Furthermore, broiler and pig production woul d benefit
fromthefurther development of non-antimicrobial
strategies, including addition of feed additives, that
improve production efficiency without harmto animals,
humans or the environment.



Impacts of antimicrobial growth promoter termination in Denmark

Conclusions and
Recommendations

Internationally, there hasbeen considerable
specul ation about the effects of antimicrobial growth
promoter termination on efficiency of food animal
production, animal health, food saf ety and consumer
prices. These issues have been addressed in the ‘ Danish
experiment’, and there have been no serious negative
effects. We concludethat under conditionssimilar to
thosefound in Denmark, the use of antimicrobialsfor the
sole purpose of growth promotion can be discontinued.
Denmark’ sprogram to discontinue use of antimicrobial
growth promoters has been very beneficial inreducing
thetotal quantity of antimicrobialsadministeredto food
animals. This reduction corresponds to a substantial
decreaseintheoverall proportion of individual animals
givenantimicrobials, and in the duration of exposure
among animalsgiven antimicrobials. Thisrepresentsa
general changein Denmark from continuous use of
antimicrobialsfor growth promotionto exclusive use of
targeted treatment of specific animalsfor therapy under
veterinary prescription. The program has also been very
beneficial inreducing antimicrobial resistancein
important food animal reservoirs. Thisreducesthethreat
of resistanceto public health. From aprecautionary
point of view, Denmark’ sprogram of antimicrobial
growth promoter termination appearsto have achieved
itsdesired public health goal.

The phasing out of antimicrobia growth promoters
was done without major consequences. Under Danish
conditions, the negativeimpacts of antimicrobial growth
promoter termination arelargely attributabletotheir
disease prophylaxis (i.e. disease prevention) properties,
with no effect on growth in broilersand only asmall
effect on growthin pigs. In pigs, where most
antimicrobia swere used in Denmark, antimicrobial
growth promoter termination was associated with a
reduction in growth rate and an increasein mortality and
diarrhoeain weaners, but these changes were not
detectableinfinishers. Many of these effectswere
probably dueto termination of olaguindox and carbadox.
Even if the pig industry had not decided to voluntarily
ceaseantimicrobial growth promoter usein 1998/99,
olaquindox and carbadox would till have been
withdrawnin 1999 by EU regulation over concerns about
potential toxicity to humansfrom occupational exposure.
Theother antimicrobial growth promotershavelittleor
no activity against the Gram-negative bacterial
infectionsbelieved to be most important in post-
weaning diarrhea of pigs (tylosin may have activity
against Lawsonia, but it was banned as an antimicrobial

growth promoter by the EU in 1999). Therefore, even if
there had been no voluntary discontinuation of
antimicrobial growth promoter use, other solutionsto
the problem of increased post-weaning diarrheawould
have been needed. Infinisher pigs, antimicrobialsdid
not appear to have these disease prophylaxis benefits
and discontinued antimicrobial growth promoter usewas
not associated with a sustained increasein morbidity or
mortality. Inbroilers, antimicrobial growth promoter
termination was not associated with increasesin
morbidity and mortality, however, ionophores (adrug
classnot used in humans) were used routinely in feed to
prevent the parasitic disease coccidiosis, and this
probably also provided some protection against the
bacterial diseasenecrotic enteritis. Savingsin
antimicrobial growth promoter costslargely offset losses
infeed efficiency inbroilers.

Therefore, when terminating antimicrobial growth
promoters, advance planning should be conducted and
steps should be taken to minimizediseasein vulnerable
classesof animals, especially weaner pigs. In additionto
antimicrobial treatment of diseased animals, thismay
includethe use of in-feed antimicrobial agentsfor the
purpose of prophylaxisfor defined periodsin selected
herdsfound to be at risk. However, antimicrobialsthat
areused for therapy in either humansor animalsor
select for resistance to these drugs should be avoided.

Overdl, thelikely impact of withdrawal of
antimicrobial growth promoterson pig and broiler
production, and for the Danish economy, isarelatively
small but negative effect. Some of these costs (e.g.
increased therapeutic antimicrobials, reduced growth
rate) have been measured and were not large, but others,
especially some costs associ ated with modifications of
the production systems, are difficult to measureand
were not included in this report, although they may have
been substantial for some producers. The small negative
effect may be, at least partially, offset by the benefits of
increased consumer confidencein, and demand for,
Danish pig and poultry meat produced without
antimicrobia growth promoters. Any net cost needsto
be set against the likely human health benefitsto society
following antimicrobial growth promoter termination, as
it would be expected in some circumstancestoresultin
thelowering of theantimicrobial resistanceratein
bacteriathat are ingested by people viathe food chain.
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Applicability to WHO Global Principles

Webedlievethat Denmark’ sprogram for termination
of antimicrobia growth promotersin pigsand broilersis
consistent with the WHO Global Principlesfor the
Containment of Antimicrobia Resistancein Animals
Intended for Food (WHO, 2000). Theseprinciplesare
reflected in Danish national policiesand regulations,
industry initiatives, national surveillance programs, and
researchinitiatives. WHO Glabal Principlescall on
governments to adopt a proactive approach to reduce
the need for antimicrobiasinanimalsand ensuretheir
prudent use. The Danish government and food animal
industrieswere proactiveinwithdrawing antimicrobial
growth promoters, both as a public health preventive
measure (i.e. banning of avoparcin and virginiamycin),
and to ensure consumer confidence (i.e. animal
industry’ svoluntary termination of remaining
antimicrobial growth promoters). Extensivesurveillance
of antimicrobial resistanceand antimicrobia usewere
undertaken, focusing on classes of drugsimportant in
human medicine. The methods and data are publicly
available. Epidemiological studieswere conducted to
identify risk factorsfor resistanceincreasesabovelevels
of concern. Therapeutic antimicrobialsareavailable by
prescription only. Guidelines on prudent use of
antimicrobialsareavailableand readily accessible. These
actionsareall consistent withthe Global Principles.

Thereview showsthat the benefits of antimicrobial
growth promoterswerelargely confined to weaner pigs
and werelargely attributableto disease prophylaxis.
Thisunderscorestheimportance of the Global Principles
concerning prophylactic use of antimicrobias (WHO):

» Useof antimicrobials for prevention of
disease can only bejustified where it can be
shown that a particular disease is present on
the premises or islikely to occur. The routine
prophylactic use of antimicrobials should
never be a substitute for good animal health
management;

» Prophylactic useof antimicrobialsin control
programmes should beregularly assessed for
effectiveness and whether use can be reduced
or stopped. Effortsto prevent disease should
continuously bein place aimed at reducing the
need for the prophyl actic use of antimicrobials.
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Applicability to other countries

Denmark’ sexperiencewith antimicrobial growth
promoter termination wasvery similar to Sweden’s
experiences after termination of growth promoter usein
1986 (Wierup, 2002). Thisstrengthensour belief that
Danish experiences may be generally applicableto other
countrieswith similar animal production conditions.
Many of the observations and lessons learned should
also be applicableto other countries, however thereare
some qualifications. Danish pork and broiler industries
areintensive, with closed housing, good biosecurity and
relatively high health status compared to many other
countries. The consequences of an antimicrobial growth
promoter ban in countrieswith lower health statusin
pigs and broilers might be different and this should be
takeninto account. Itisalsoimportant to consider diet,
climateand availability of veterinary services. In addi-
tion, the effects of termination on disease and
productivity may vary depending on the type of
antimicrobials(e.g. pharmacol ogical properties, spectrum
of activity against bacteria) that are currently usedina
country. The economic effectswill depend upon severa
factorsincluding the effectson performancelevels, the
cost of any technologies adopted to compensate for the
termination of antimicrobial growth promoters, and these
costs may be offset by the benefits of increased
consumer confidence and public health.

Furthermore, Denmark enjoysahighlevel of
infrastructure that doesnot existin all countries,
especially developing countries, and each country will
need to adapt plansto their own circumstances. For
example, Denmark’ scapability to monitor antimicrobial
use, antimicrobial resistanceand animal productionis
quite advanced. The pig industry is organized into a
governing cooperative and farmers are co-owners of
slaughterhouses. For this and perhaps other reasons,
Denmark may be one of thefew countrieswhose
agricultural industry could implement anation-wide
voluntary action on antimicrobial growth promoters of
thismagnitude. Other countries may need alonger
period for full implementation perhaps supported by
regulatory actionin order toimplement asimilar program.

Theantimicrobia growth promotersthat were used
in Denmark were active against both Gram-positive and
Gram-negative bacteria. Those used against Gram
negative bacteria (olaquindox, carbadox and
sadinomycin) are not used in human antimicrobial
therapy. In some other countries, however, avariety of
broad-spectrum antimicrobial growth promotersare
used, including drugs used in human therapy, such as
tetracyclinesand sulfonamides. Itislikely that these
broad-spectrum antimicrobia growth promoterswould
exert antimicrobial resistance selection pressureon
Gram-negative bacteria, including important foodborne
pathogens, such as Salmonella.
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Other countries should re-examinetheir policies
concerning antimicrobial usefor disease prophylaxisin
light of Denmark’ sexperience. In Europe, use of
antimicrobial growth promotersfor disease prophylaxis
or therapy isnot legally permitted. Theexperiencein
Denmark shows that biology is not always changed by a
lega definition, i.e., alaw stating that they should not be
used for prophylaxis does not stop the drugs from
actualy performing that function when they are used
legally for another indication. Clearly, in someinstances,
antimicrobial growth promotersused in Denmark had
disease prophylactic effects, especially for weaner
diarrhea. lonophoresused as coccidiostatsin broilers
werealso believed to be beneficial in preventing necrotic
enteritis.

It should be noted that termination of antimicrobial
growth promotersin other countrieswith different
industry structures, perhaps different production
systems and economic conditionsthan those existing in
Denmark at thetime of antimicrobial growth promoter
withdrawal, may experience different effectson
production costs and different macroeconomicimpacts.

Inview of thelimited effectsof antimicrobial growth
promoter termination on efficiency of food animal
production, itisunlikely that similar actionin developing
countrieswould decreasethetotal meat productionin
these countries.

Recommendations to Denmark

Denmark isaworld leader in monitoring of
antimicrobial use, resistance, zoonotic disease, and food
animal production. Nevertheless, thisreview showsthat
someimprovementsto an already impressive program
should be considered. Acquisition of substantially more
antimicrobial susceptibility dataon bacteriafromthe
food chain (e.g. meat) and healthy humans (including
fecal carriage), either through monitoring or targeted
population-based studies, isrecommended. The problem
of post-weaning diarrheaof pigsiscritically important
and more efforts are needed to identify its cause(s) and
methodsof safe, effectiveand efficient control. More
emphasis and research should be placed on non-
antimicrobial disease control methods (improved
management systems, vaccines, organic acids, etc.). Itis
important to maintain the excellent quality of on-farm
research and to expand experimental research on
methodsfor efficient non-antimicrobial production.
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Glossary

All-in-all-out management

Management practiceinwhich all livestock inaroom or
barn, that are usually of uniform age, arehandled in
batches. They are introduced, raised and then removed
together, allowing thefacility to be emptied, cleaned, and
prepared for the next group of animals. Itisused to
reduce transmission of infection between groups of
animals.

Antimicrobial Growth Promoter

In Denmark (and rest of the EU) an antimicrobial
authorized as afeed additive to be used in food animals
toimproverateof gain or feed efficiency.

Antimicrobial Resdues(infood)

Antimicrobiasor their metabolitesremaininginedible
tissuesfrom animalsat harvest or slaughter following
treatment. Withdrawal periodsafter use normally ensure
their absenceinfood at unsafelevels.

Broad-gpectrumantimicrobial
Anantimicrobial effectiveagainst both gram-positive
and negative bacteria.

Broilers
Broiler chickensthat aretypically laughtered at
approximately 5-6 weeksof age(2kg)

Farrow-to-finish
Pig farmsthat have sowsand raise pigsfrom birth to
daughter.

Finishers

Pigsfrom the end of theweaner phase at 10-12 weeks of
age (approximately 30kg) to slaughter at 5-6 months of
age (approximately 100kg). Inthisreport weusetheterm
‘finishers’ torefer to both the grower and finisher phase.
For the purposes of terminating antimicrobial growth
promoters, the Danish pig industry used 35kg asthe
approximate beginning of thefinisher phase.

Grossmargin
Value of output lessvariable costs

Nar row-gpectrumantimicrobial

Anantimicrobial effectiveagainst alimited number of
bacteria; often applied to an antimicrobial activeagainst
either gram-positive or negative bacteria.

Pathogenicbacteria(pathogens)

Bacteriathat causeinfections. These can either be
primary (causing disease a one) or opportunistic (only
causing diseasefollowing damage).

Pig cycle

The process by which pig farmersincrease production
until pricesfall and production consequently decreases,
following which pricesriseand the cycleisrepeated.

Poultry
Chickensor turkeys. Sometimesrefersto meat from
these birds.

Prophylaxis

Theuse of an antimicrobial to prevent infection (or
clinical expression of disease) that isanticipated to
challenge the host during the treatment period.

Survellance

In thisdocument, it comprises continuous, intensive,
targeted or non-random collection of dataon the
incidence, prevalence and spread of bacteria.

Therapeuticuse

Theuse of an antimicrobial for the purpose of inhibiting
apathogen that already infectsthe host (i.e. treating a
disease condition).

Weaners

Pigsinthe period from removal fromthe sow at 3-4
weeksof age (approximately 7kg) to entering thefinisher
period at 10-12 weeksof age (approximately 30kg). For
the purposes of terminating antimicrobia growth
promoters, the Danish pig industry used 35kg asthe
approximate end of the weaner phase.

Zooncoticbacteria

Bacteriathat are pathogenic to humans and are transfer-
red to humans by contact with animals, animal excreta, or
animal products(includingfood).
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Annex 1. Symposium Programme

Wednesday 6 November 2002
Opening ceremony

09:00 Chairmensadress

09:05 Welcoming address- Danish strategiesto contain antimicrobial resistanceinagriculture
Mariann Fischer-Boel - Minister of Food Agricultureand Fisheries

09:15 WHO welcome and introduction to WHO global strategy for the containment of resistance
Peter Braam - WHO-HQ, CDSCSR/EPH

09:30 EU strategiesonantimicrobial resistance
Representative of theEU Commission

09:45 Danish Institute of Agricultural Sciences welcome
Arne Jensen - Director of the Danish Institute of Agricultural Sciences

09:50 DanishVeterinary Institute’ swelcome
Knud Bgr ge Peder sen - Director of the Danish Veterinary Institute

Effects of thetermination of AGP useon bacterial resistanceto antimicrobials

10:00 Effectsof thetermination of AGP useon antimicrobial resistanceinfood animals
Frank M. Aarestrup - Danish Veterinary Institute

10:20 Effectsof thetermination of AGP useon antimicrobial resistancein bacteria fromfoods
Jeppe Boel -Danish Veterinary and Food Administration

10:40 Effectsof thetermination of AGP useon antimicrobial resistancein humans
NielsFrimodt Mgller - Satens Serum | nstitut

11:00-11:20 Coffeebreak

11:20 Effectsof thetermination of AGP useon antimicrobial resistancein pigfarms
Hakan Vigre-Danish Veterinary Institute

11:40 Occurrenceand persistence of vancomycin resistant enterococci (VRE) in Danish broiler production after
theavoparcinban

OleEskeHeuer -Danish Veterinary Institute

12:00 Effectsof thetermination of AGP useon presence of resistance genesin bacterial isolatesfromproduction
animals
L arsBogg Jensen - Danish Veterinary Institute

Effects of the termination of AGP use on animal welfare and productivity

12:20 Effectsof termination of AGP useon broiler health and productivity
Hanne-Dorthe Emborg - Danish Veterinary I nstitute

12:40 Effectsof termination of AGP use on pig welfareand productivity
Jes Callesen - Danish Bacon and Meat Council

13:00-14:00Lunch

52 WHO/CDS/CPE/ZFK/2003.1



Impacts of antimicrobial growth promoter termination in Denmark

Consequences of termination of AGP use for animal health and the use of antimicrobialsin
food animalsfor therapy and prophylaxis

14:00 SurveillanceexperiencesfromDANMAP and VETSTAT
Flemming Bager -Danish Veterinary Institute

14:20 Consequencesof termination of AGP usefor pig health and usage of antimicrobialsfor therapy and
prophylaxis
Per Bundgaard L ar sen - Danish Veterinary I nstitute

14:40 Conseguencesof termination of AGP usefor broiler health and usage of antimicrobial sfor therapy and
prophylaxis
NielsTor nge- Danpo A/S

Effect of thetermination of AGP use on foodprices and the competitiveness of agricultural
industries

15:00 Sector and Economy wide effects of terminating the use of AGP in Denmark
Seren E. Frandsen - Danish Research I nstitute of Food Economics

15:20 Consequences of terminating the use of AGPs for competitivenessin theinter national market place
Henrik B. Lauritsen - Danish Bacon and Meat Council

15:40-16:10 Coffeebreak

Consequences of termination of AGP use for the environment

16:10 Environmental effectsof theter mination of AGP usein Denmark

Hanne Damgaar d Poulsen - Danish Instituteof Agricultural Sciences

I nternational speakers

16:30 Antimicrobial useinfood-producing animalsinthe United Kingdom
David Taylor - Glasgow University Veterinary School
16:50 Useof AGPsinthe USA— patterns of use and public health concerns
Fred Angulo- Centersfor Disease Control and Prevention
17:20 Useof AGPs—doesit play arolein combating malnutrition in the devel oping world?
Peter Collignon - The Canberra Hospital
17:40 Discontinuing the use of AGPs—the Swedish experience
Martin Wierup - Svedish Animal Health Service

18:00 Dinner at the Danish Institute of Agricultural Sciences
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Thursday 7 November 2002

Alternativesto the use of antimicrobial growth promoters

Management and hygiene
09:00 Animal health asaffected by management proceduresin commercial pig production

Poul Bakbo - Danish Bacon and Meat Council
09:20 Animal welfareand health asaffected by management proceduresin commercial broiler flocks
Jette Sgholm Peder sen - Danish Agricultural Advisory Centre

Feed and feed additives
09:40 Organic acidsand fermented liquid feed asalter nativesto AGPsin pig production

Nuria Canibe - Danish Institute of Agricultural Sciences

10:00 Improved feed composition and feed processing asalternativesto AGPsin pig production
Bent Bor g Jensen -Danish Institute of Agricultural Sciences

10:20-10:40 Coffeebreak

10:40 Effectsof thetermination of AGP use on outbreaks of Lawsoniaintracellularisin pigs
Tim K. Jensen -Danish Veterinary I nstitute

11:00 Alternativesto AGPsinbroiler production
Ricarda G. Engber g - Danish Institute of Agricultural Sciences

11:20 Alternativesto AGPsin pig production—practical experience

NielsJergen Kjeldsen - National Committeefor Pig Production

Disease management
11:40 Reducing the use of antimicrobialsin pig herdsby improving data on diseasetreatment and disease

Niels Peter Baadsgaard - Danish Institute of Agricultural Sciences
12:00 Automaticdataasearlydiseaseindicatorsinpigproduction
Thomas Nejsum M adsen - National Committeefor Pig Production
12:20 Breeding pigsfor resistanceto clinical and sub-clinical diseases
Mark Henryon -Danish Institute of Agricultural Sciences
12:40 Natural resistanceasan alter nativeto AGP in poultry
Helle Juhl Madsen - Danish Instituteof Agricultural Sciences
13:00-14:00Lunch

| nternational speakers
14:00 Useof alternativesto AGPsin animal food productionin China

DefaLi -China Agricultural University
14:20 Useof alternativesto AGPsinanimal food productioninthe USA
JamesE. Pettigrew -University of Illinois

14:40 The EU Commission’ sresearch strategy and plansfor antimicrobial resistanceresearchinthe Sxth
Framework Programme

Anna L énnroth—European Commission

General discussion and closing of symposium

WHO/CDS/CPE/ZFK/2003.1



Impacts of antimicrobial growth promoter termination in Denmark

Annex 2. List of Participants in WHO Expert Review

Expert Group

Professor David Taylor Professor Scott McEwen

Glasgow University University of Guelph

Bearsden Road Ontario Veterinary College

G611 HQ Bearsden Department of Population Medicine
Scotland N1G 2W1 Guelph (Ontario)

E.mail: D.Taylor@vet.gla.ac.uk Canada

E.mail: smcewen@uoguel ph.ca

Dr Andrzej Horzowski

National Veterinary Research Institute Dr Peter Collignon

Al. Partyzantow 57 The Canberra Hospital

24-100 Pulawy Microbiology

Poland P.O.Box 11

E.mail: ahosz@piwet.pulawy.pl ACT 2606 Woden
Austraia

E.mail: Peter.Collignon@act.gov.au

Professor EricMitema
University of Nairobi

Faculty of Veterinary Medicine Professor Jim Pettigrew
P.0.Box 29053 University of lllinois
Nairobi Department of Animal Sciences
Kenya 206 Animal SciencesL aboratory
E.malil: phealth@nbnet.co.ke Urbana, 1L 61801

USA

E.mail: jepettig@uiuc.edu
Dr Fred Angulo
Foodborneand Diarrheal Diseases
Centersfor Disease Control and Prevention Professor Richard Bennett
National Centersfor I nfectiousDiseases The University of Reading
1600 Clifton Road Department of Agricultural
Atlanta Economicsand Management
GA 30333 P.O. Box 237
USA Reading RG6 2AR
Tel: +1 4043715405 Berkshire
Fax: +14043715444 England
E.mail: fja0@cdc.gov E.mail: r.m.bennett@reading.ac.uk
Professor Martin Wierup WHO Secretariat
University College
Dublin 4 Dr Peter Braam
Belfield Emerging Public Health Risks
Department of Microbiology and Parasitology Department of Communicable Disease, Prevention
Faculty of Veterinary Medicine and Eradication
Ireland World Health Organization
E.mail: mwierup@pop3.ucd.ie 1211 Geneva27

Switzerland

e.mail: braamp@who.int
Professor Defal i

ChinaAgricultura University

No. 2. West Yang Ming Y uan Road
Beijing 100094

P.R. China

E.mail: defali @public2.bta.net.cn

WHO/CDS/CPE/ZFK/2003.1 95



Impacts of antimicrobial growth promoter termination in Denmark

Dr VeeraGindonis
Emerging Public Health Risks

Department of Communicable Disease, Prevention

and Eradication

World Health Organization
1211 Geneva 27
Switzerland

E.mail: gindonisv@who.int

Dr AwaKane-Aidara
Emerging Public Health Risks

Department of Communicable Disease, Prevention

and Eradication

World Health Organization
1211 Geneva 27
Switzerland

E.mail:

L ocal Secretariat

Professor Henrik C. Wegener
Danish Veterinary Ingtitute
Danish Zoonosis Centre
Bilowsve 27

1790 CopenhagenV
Denmark

E.mail: hew@vetinst.dk

Dr LarsBogg Jensen
Danish Veterinary Ingtitute
Bulowsve 27

1790 Copenhagen V
Denmark

E.mail: |je@vetinst.dk

Dr Per Bundgaard Larsen
Danish Veterinary Ingtitute
Bulowsvej 27

1790 Copenhagen V
Denmark

E.mail: pbl @vetinst.dk

Dr OleE. Heuer

Danish Veterinary Ingtitute
Danish Zoonosis Centre
Bulowsve 27

1790 CopenhagenV
Denmark

E.mail: oeh@vetinst.dk

56 WHO/CDS/CPE/ZFK/2003.1

Dr Hanne-Dorthe Emborg
Danish Veterinary Institute
Danish ZoonosisCentre
Bulowsvej 27

1790 Copenhagen V
Denmark

E.mail: hde@vetinst.dk

Dr Jan Tind Sgrensen

Danishlnstituteof Agricultural Sciences
BlichersAllé1

Post Box 50

8830Tjele

Denmark

Enmal: JanTind.Sorensen@agrsci.dk

Dr Bent Borg Jensen

Danishlnstituteof Agricultural Sciences
BlichersAllél

Post Box 50

8830Tjele

Denmark

E.mail: BentBorg.Jensen@agrsci.dk



Impacts of antimicrobial growth promoter termination in Denmark

WHOICDS/CPE/ZFK/2003.1 57



World Health Organization

Department of Communicable Diseases, Prevention and Eradication
Collaborating Centre for Antimicrobial Resistance in Foodborne Pathogens



