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Beyond Antimicrobial Growth Promoters in Food Animal Production

Preamble

On 6-7 November 2002, an international invitational symposium ,Beyond Antimicrobial Growth
Promoters* was held at the Danish Institute of Agricultural Sciences. A total of 140 participants from 12
different countries participated in the symposium, which had 32 scientific presentations in 6 scientific
sessions with the following headings:

- Effects of the termination of antimicrobial growth promoter use on bacterial resistance to

antimicrobials

- Effects of the termination of antimicrobial growth promoter use on animal welfare and productivity

- Consequences of termination of antimicrobial growth promoter use for animal health and the use of

antimicrobials in food animals for therapy and prophylaxis

- Effects of the termination of antimicrobial growth promoter use on food prices and the

competitiveness of agricultural industries

- Consequences of termination of antimicrobial growth promoter use for the environment

- International speakers

This report contains all working papers prepared by the presenters in the symposium.

The World Health Organization (WHO) organized an independent expert review of the Danish
experiences in conjunction with the symposium. The review panel consisted of the following experts (in
alphabetical order):

Dr. Fred Angulo, Centers for Disease Control and Prevention, Atlanta, USA

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

Prof. Peter Collignon, The Canberra Hospital, Canberra, Australia

Dr. Andrzej Horszowski; National Veterinary Research Institute, Pulawy, Poland

Dr. Defa Li, China Agricultural University, Beijing, China

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

Prof. Eric Mitema, University of Nairobi, Nairobi, Kenya

Prof. Jim Pettigrew, University of lllinois, lllinois, USA

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

Prof. Martin Wierup, University College Dublin, Dublin, Ireland

The expert reviewers report; ,Impacts of antimicrobial growth promoter termination in Denmark - The
WHO international review panel’'s evaluation of the termination of the use of antimicrobial growth promoters
in Denmark, Report of the World Health Organization, WHO/CDS/CPE/ZFK/2003.1" is available in hard
copy or in an electronic version from www.who.int.
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1. Effects of termination of AGP use on antimicrobial

resistance in food animals

Frank M. Aarestrup

Research professor, DVM, PhD, DSc
Danish Veterinary Institute
Denmark

ABSTRACT

Antimicrobial agentsarein the production of food
animal sused for therapy and prophylactics of bacterial
infectionsand in feed to promote growth. The use of
antimicrobial agentsfor food animalsmay cause
problemsthrough the sel ection for resistanceamong
bacteriapathogenic for animals or humans (zoonotic
bacteria). The emergence of resistant bacteriaand
resistance genes because of the use of antimicrobial
agentsarewell documented and thereisin genera a
closeassociation between usage and resi stance.
Especially the sel ection and spread of glycopeptide
resistant Enter ococcus faecium(GREF) has come under
increased scrutiny inrecent years. Today thereis
compelling evidencethat the use of the glycopeptide
avoparcin for growth promotion for food animalshas
selected for GREF among thefood animal reservoirs
and that this have played some rolein the epidemiology
of GREF causing infectionsin man. In Denmark it has
been possibleto reducethe usage of antimicrobial
agentsfor food animalssignificantly, through banning of
antimicrobial agentsfor growth promotion and
restrictionson the usagefor therapy. The use of
avoparcin was banned in 1995 and a decrease in the
occurrence of GREF among food animal s hasbeen
observed. Alsoinother countriesadecreasein
resi stance among both food animals and humans has
been observed following the ban of avoparcin. In
general adecreaseinresistance havefollowed the
reduction in usage of other antimicrobial agentsused for
growth promotion.

INTRODUCTION

Theintroduction of antimicrobial agentsin human
clinical medicine and animal husbandry has been one of
themost significant achievements of the 20th century.
Thefirst antimicrobia agentswereintroduced inthe
1930's, and alarge number of new compoundswere
discov-ered in thefollowing decades. However, shortly
after theintroduction, resistance beganto emergeandin
all known cases emergence of antimicrobial resistance
havefollowed theintroduction of new antimicrobial
compounds [15]. It has now become clear that
antimicrobial resistance posesathreat to human and
animal health and should be taken serioudly.

Modern food animal production depends on the use
of largeamountsof antibioticsfor disease control. This
providesfavourable conditionsfor selection, spread and
persistence of antimicrobial-resistant bacteriacapable of
causing infectionsin animals and humans. During the
last decade there has been an increased awareness of the
potential problems selection of antimicrobial resistance
among food producing animals could have on human
health.

Already inthelate 1960’ tiesthe Swann Committtee
pointed to the potentia problemswith selection of
antimicrobial resistancethrough the usage of
antimicrobial agentsfor growth promotion[19].
Following this, anumber of antimicrobial agentsthat
were used for therapy were banned for usefor growth
promotioninmost European countries. However, alarge
number of antimicrobial agentswerestill used or
becameintroduced for use asgrowth promotersinthe
following decades.

During the 1980’ tiesand early 1990’ tiespathogenic
bacteriaresi stant to anincreased number of
antimicrobial agentsemerged world-wide. Asa
consequence antimicrobial agentsbel onging to classes
that not previously have had clinical interest gained
increasing importance. One of these agentswasthe
glycopeptide antimicrobial, vancomycin that was
discoveredintheearly 1960'ties. Vancomycin became
inthe 1980’ tiesone of the most important antimicrobial
agentsfor thetreatment of infectionsin humanswith
multipleresistant Gram-positive bacteria.

In 1993 glycopeptideresistant enterococci (GRE)
wereisolated from food animalsin England [9] and soon
after in Germany [13]. Thiswas surprising because no
glycopeptide antibiotics had been used for treatment of
infectionsin food animals. However, another
glycopeptide antibiotic, avoparcin, had been used for
severa yearsfor growth promotionin severa countries
around theworld and it was suggested that the
occurrence of GRE might berelated to thisusage.

In 1994 no studies had been conducted to monitor
the occurrence of antimicrobial resistanceto agentsused
for growth promotion in Denmark. Inspired by the
findingsin England and Germany, the Danish Veterinary
Institute conducted asmall survey on the occurrence of
GRE among conventional and organic poultry [1] in
Denmark. Thefirst finding of GRE was confirmed on
January 25" 1995. Thefindingsresultedinmuch
scientific and public attentionand in April 1995the
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Danish Pig and Poultry Producers Organizations
decided voluntarily to stop the use of avoparcin for
growth promoation. In May 1995 thiswas followed by a
genera ban by the Danish Ministry of Agriculture and
Fisheries. The ban wasimposed to preserve the
efficacy of vancomycin asadrug of last resort in
human medicine.

Within the European Union, the European
Commission approves antimicrobial agentsfor growth
promotion centrally and until recently 11 different
substances were approved (Table 1). In 1986 Sweden
banned the use of all antimicrobial agentsfor growth
promotion. When Sweden in 1994 joined the European
Union they were granted five years before they had to
adapt to the common guidelines. For Denmark no such
exception wasin place. A member state can only
temporarily ban the use of aproduct if new information
has shown danger to human health. The Danish banin
1995 was controversial and was not supported by the
EU Scientific Committeeon Animal Nutrition. Theban
was, however, upheld by the European Council of
Ministers. In January 1996 Germany banned the use of
avoparcin and in 1997 ageneral ban on the use of
avoparcinfollowed in all of EU.

Thefinding of VRE among food animalsin Den-
mark prompted anumber of initiatives by the Danish
authoritiestolimit theincrease of antimicrobial
resistance. Since 1995 the Danish V eterinary Institute
has conducted or been involved in anumber of
monitoring and research programmeswith the overall
aimto determinethe occurrence, sel ection and spread of
resistanceto antimicrobial agentsused for growth
promoation.

Inthefollowing an overview of the use of
antimicrobial agentsfor growth promotion food animals,
and the effects of the reduced usage over timeisgiven.
Special emphasisisgiven to datafrom Denmark.

USAGE OF ANTIMICROBIAL AGENS
FOR FOOD ANIMALS

Thefirst observationson theinhibitory effect of
penicillium mould on bacteria seemsto have been made
by Sir John Burden-Sanderson in 1871 and Joseph
Listerin1872[12, 16].1n 1928 Alexander Fleming
made similar observations[11] and when it later became
possibleto purifying penicillin (Fleming) theway for the
use of penicillin for therapy was opened. Sincethen a
large number of other antimicrobial agents have been
discovered and introduced for human and veterinary
therapy and in the course of thelast 50 years
antimicrobial agents have becomethekeystoneinthe
therapy of bacterial infectionsin humansand animals.

In Denmark greater amount of antimicrobial agents
were until recently used in animal feed for growth
promotion than for treatment of diseases[4, 5].
Avoparcin was banned in Denmark because of the
selection of vancomycin resi stant enterococci and the
potential risk of spread of thisresistancethrough the
food chain to humans. In 1997, avoparcin was banned in
all EU-countries.

In January 1998, virginiamycin was banned in
Denmark because of cross-resistanceto Synercid, a
streptogramin used for human treatment. |n December
1998, the European Commission decided to ban theuse
of bacitracin, spiramycin, tylosin and virginiamycin for
growth promotion from the 1= of July 1999. In Denmark
thefood animal industries decided to voluntarily stop all
useof antimicrobia growth promotersfrom the end of
1999. Thishas had major influence on the amounts of
antimicrobial agents used in Denmark (Table 1 and 2).

Table 1. Usage of growth promotersin Denmark during 1990 through 2001

Growth promoter 1992 1994 1995 1996 1997 1998 1999 2000-01
Avilamycin 853 433 1,665 2,740 670 7 91 3
Avoparcin*# 17,210 24,117 5,690 - - - - -
Bacitracin# 5,657 13,689 7,910 8,399 8,544 3,945 63 -
Carbadox# 7,221 10,012 1,181 1,985 4,153 1,803 293 -
Flavomycin 1,299 77 48 18 93 6 665 11
Monensin 3,700 4,755 5,007 4,741 3,08 935 0 -
Olaquindox# 21,193 22,483 16,213 13486 17595 28,445 9,344 -
Salinomycin 0 213 850 759 460 113 0 -
Spiramycin# 0 95 507 15 3 0 0 -
Tylosin# 26,980 37,111 52,275 68,350 62,009 13,148 1,827 -
Virginiamycin**# 15,537 2,801 2,590 5055 10,644 892 - -
Total 99,650 115,786 93,936 105548 107,179 49,294 12,283 14

*: Banned in May 1995 in Denmark
**: Banned in January 1998 in Denmark
#. Approval suspended in EU in 1999
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Table 2 Estimated usage of antimicrobial agents for treatment of infectionsin food
animal production in Denmark

Antimicrobial 1992 1994 1996 1997 1998 1999 2000 2001
agent

Aminoglycosides 8,500 8,600 7,100 7,000 7,800 7,500 10,400 11,900
Macrolides 12,900 11,400 7,600 6,700 7,100 5,300 15,400 14,300
Penicillins 6,700 9,400 7,200 13,100 14,300 14,700 14,800 17,100
Syntetic penicillins 2,500 4,400 5,800 6,200 6,700 6,600 7,600 9,300
Sulfonamides 5,900 5,600 2,100 1,400 1,000 1,000 1,000 800
SulfaiTMP 7,900 9,500 4,800 6,900 7,700 6,800 7,000 7,400
Tetracyclines 22,000 36,500 12,900 13,700 12,100 16,200 24,000 27,900
Others 6,800 4,400 600 650 3,800 3,800 300 5,500
Total 73,200 89,900 48,000 55,700 57,300 61,900 80,600 94,200

SELECTION FOR RESISTANCE

Infectionswith enterococci inanimalsarerareand
arealsorarely treated with antimicrobial agents[7].
However, asnormal inhabitants of theintestinal tract
they areexposed to antimicrobial selectionevery time
the animals are subjected to antimicrobial treatment or
given antimicrobial agentsfor growth promotion or
prophylaxis. A large number of studies have shown that
theuse of antimicrobial agentswhether in high or low
concentrationswill select for resistance. Already in 1951
Starr & Reynolds| 18] reported the selection of strepto-
mycinresistant coliformsintheintestinal tract of turkey
experimentally fed streptomycin. Inthe 1950’ tiesstudies
confirmed that theuse of tetracyclinein concentrations
for treatment or growth promotion sel ected for
tetracyclineresistanceamong group D streptococci in
chickens[8, 10]. Morerecently, epidemiol ogical studies
and feeding experiments have clearly shown that the use
of different antimicrobial growth promoters, the
glycopeptides (avoparcin), macrolides(tylosin) and
oligosaccharides (avilamycin), will select for resistance
among enterococci in poultry and pigs (reviewed in[3]).

EFFECTS OF INTERVENTIONS

Thereisonly limited information avail able about
the effects of terminating the usage of an antimicrobial
agent on the occurrence of antimicrobial resistance.
Following theban of tetracyclinefor growth promotion
in TheNetherlandsin 1974 adecreasein the occurrence
of tetracyclineresistancein salmonellaeisolated from
food animals and humans were observed [21].

In Denmark the DANMAP program for surveillance
of antimicrobial resistancewasestablishedin 1995 [4,
5]. The program determinesthe susceptibility of
antimicrobial resistance among selected pathogenic
bacteriaand bacteriaisolated from healthy food animals,
and are co-ordinated with similar programs determining
resistance among bacteriafrom food and humans. The
establishment of thisprogrammehasmadeit possibleto
follow the changes in occurrence of antimicrobial
resistance as a consequence of changesin usage.

Glycopeptide resistant enterococci

The occurrence of resistance among E. faecium
from pigsand broilershaslargely followed the
consumption of thedifferent agents. Thus, sincetheban
of avoparcinin 1995 the occurrence of vancomycin
resistance has decreased significantly among
enterococcal isolatesfrom broilers, whereasno
significant change occurred in pigs[6] (Fig. 1). One
explanation for the persistence of glycopeptideresistant
enterococci (GRE) among the pig populationin Den-
mark could bethat the production of broilersin Den-
mark isperformedinall inall out facilitieswith
thorough cleaning of housing facilitiesafter each flack,
whereasthe production of pigstakesplaceinfacilitiesin
continuous use. However, all GRE isolated from pigs
werealso simultaneously resistant to macrolidesand
tetracycline. Thesetwo antimicrobialshave been
commonly used for growth promotion and therapy,
respectively, in the pig production in Denmark. It was
sinceshownthat all GRE isolated from pigsin Denmark
belonged to the same clone and that the genes encoding
resistance to macrolides (ermB) and glycopeptides

Fig. 1. Glycopeptide resistance among E. faecium
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(vanA) were located on the same mobile DNA-element
[2]. The consumption of tylosin for growth promotion
decreased substantially during 1998. During 1999 and
2000 asignificant decreasein the occurrence of GRE
among E. faeciumisolatesfrom pigs have been observed
[6]. Thesefindings strongly suggest that the persistence
of GRE among the pig population was caused by the
continued use of macrolides, mainly tylosin, for growth
promotion and therapy.

In Germany adecreasein the GRE carrier rate
among healthy humansin the community in the period
1994 t0 1997 has been observed [14]. In 1994 the
carrier level wasfound to be 12%. Thislevel has
decreased to approx. 4%in 1997.

Similarly adecreaseinthe occurrence of VRE
among poultry productsin Italy has been observed
during 18 months after the ban of avoparcin [17].

Alsoin The Netherlands adecrease has been
observed among broilers, pigsand humansfrom 1997 to
1999[20]. A plausible explanation for thisisareduced

exposure to GRE from food as aresult of the
withdrawal of avoparcin from animal feed.

These observations show that the occurrence of
GREF among food animal s has decreased after the
selective pressure, the use of avoparcin, hasbeen
removed. However, in the case of resistanceto
vancomycin among isolatesfrom pigsin Denmark it has
also been shown that if theresistance genesarelocated
on the same genetic element, resistance can persist asa
consequenceof co-selection.

Macrolides

For several yearsthe macrolidetylosin wasthe most
widely used AGPfor pigsin Denmark. In 1995 the
occurrence of resistance among E. faeciumisolatesfrom
pigswas 80%, in 1996 it was 93%, andin 1997 it was
87%. AmongE. faecalisisolatesresistancewas94%in
1995, 91%in 1996, and 91%in 1997. Theuseof tylosin
decreased considerably during 1998 and 1999. Thiswas
almost immediately followed by adecreaseinthe
occurrence of resistance among both E. faeciumand
E. faecalisisolatesfrompigs(Fig.4). Thus,in
1998 resi stance among E. faeciumisolateshad
decreased to 71%, and that among E. faecalisisolates
had decreased to 79%. Resi stance have decreased
further to 26 and 32%, respectively, in2001. Macrolides
aredtill widely used for treatment of infectionsinpigs,
and thusfuturetrendsin the occurrence of resistance
cannot yet be predicted.

Theoccurrence of macrolideresistanceamong
E. faeciumisolatesfrom broilershasalso been very
high, reaching amaximumof 76%in 1997. It decreased
to 15% during 2001, concomitantly with themore-
limited use of virginiamycin. Relatively minor amounts
of themacrolide spiramycin have been used for growth
promotionin broilers. However, virginiamycinisa
natural combination of two structurally unrel ated
molecules (groups A and B), and group B hasthe same
mechani smof action asantimicrobial sbelongingtothe
macrolides. Enzymesmethylating thetarget site of
macrolides, lincosamides, and streptogramin B have
been observed to be the most common causeof
resistancein enterococci. Inaddition, it hasrecently
been shown that some of the genes encoding resistance
to group A and group B, respectively, are genetically
linked. Thus, it seemslikely that the use of
virginiamycin as a growth promoter for broilers may
have selected for macrolide resistance in E. faecium

Fig. 5 Resistance to tylosin among enterococci from pigs
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Oligosaccharides

Avilamycin has primarily been used for growth
promotioninthebroiler productionin Denmark. The
consumption of avilamycin for growth promotion
increased from 10 kg in 1990to 2,740 kg 1996 and
decreased in thefollowing yearsto only 7 kgin 1998.
Theoccurrence of resistanceamong isolatesfrom
broilersincreased from 64% at theend of 1995to a
maximum of 81% during thelast half of 1996. Since
then, the occurrence of resistance decreased to 5%in
2001 (Fig. 6). Thus, the occurrence of resistance has
closely followed the consumption.

Streptogramins

The use of virginiamycinincreased between 1995 to
1997. Theincrease was seen mainly in broilersand was
associated withan increasein the occurrence of
resistancein E. faecium Thus, virginiamycinresistance
among E. faeciumisolatesfrom broilersincreasedfrom
27%in 1995 t0 66%in 1997. In January 1998, theuse
of virginiamycin was banned in Denmark, and the
occurrence of resistance subsequently decreasedto 27%
in2001 (Fig.7). Morevariationintheoccurrence of
virginiamycin resistance can beobserved among
E. faeciumisolatesfrom pigs. Thus, resistancedecreased
from 60%in 1995 to 36%in 1997, increased in 1998 to
56%, but has since decreased to 6% in 2001.

Taken together all these different observations show
that the occurrence of resistance will decrease after the
selective pressure hasbeen removed. However, inthe
case of resistanceto vancomycin among isolatesfrom
pigsit hasalso been shown that if the resistance genes
arelocated on the same genetic element, resistance can
persist asaconsequence of co-selection.

DISCUSSION AND CONCLUSION

Inthe 1970’ tiesenterococci were not considered
important human pathogens and prior to 1986 they were
ingeneral considered susceptibleto glycopeptides.
However, shortly after thefirst observations of GRE this
resistance spread rapidly world-wide. Themost effective
way to limit the spread of antimicrobial resistanceand
thereby extend the usefulness of antimicrobialsis
through arestricted use of antimicro-bial agents. Asa
consequenceit has been recommended that antibiotics
that select for resi stance against antibiotics used for
human therapy no longer should be used in animal
husbandry. Especially the use of growth promoters
should belimited to agentsthat are of nointerest for
therapeutic use[3].

When avoparcin was approved for use as growth
promoter inanimals, thisgroup of antibiotic wasnot
seen as potentially important in human medicine. Thus,
itwasat that timedifficult to foresee that dueto the
development of antimicrobial resistance among
bacteria causing infections in humans these classes of
antimicrobial agents became very valuable. The

Fig. 6. Avilamycin resistance among E. faecium
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resistance that has already been created by the use of
avoparcin asgrowth promoter will most likely reduce
and shorten thelifespan of vancomycin astherapeuticin
humans. The safest way to limit the devel opment of
resistanceto antimicrobial agentsseemstobetolimit
the use of antimicrobial agentsas much aspossible.
Thus, all unnecessary use of antimicrobial agents should
be strongly discouraged. However, itisand will alsoin
thefuture be necessary to useantimicrobial agentsfor
treatment of infectious diseasesinfood animalsand we
will alsointhefuture observethe selection of
antimicrobial resistance among bacteriafromfood
animals.

It isnot known which resistance problemswe may
faceinthefuture. However, toimplement timely actions,
and to limit theemergence of antimicrobial resistance
and the consequences for human and animal health, itis
necessary to obtain and maintain scientific knowledge
regarding factorsaffecting the occurrence, emergence
and spread of resistance. At present knowledge of
antimicrobial resistanceinfood animalsisin most
countriesincompl ete or even absent. An organised
monitoring of antimicrobial resistance carried out by an
international network of laboratories should be
implemented in order to be ableto identify and report
emerging resistance problems at the earliest possible
stage. In thisway we might be able to implement
interventions before emerging resistance causes mgjor
problems.
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The importance of the non-human reservoir of
enterococci for infectionsin humanshasnot been
guantified. Thereistoday compelling evidencethat

enterococci aretransferred between thereservoirsand
that the populations col onising and infections humans
and animals sharethe samegenepool. Different studies
have shownthat it ispossibleat |east to some degreeto
limit the occurrence of resistance by removing the
selectivepressure. Itis, however, not known whether the
occurrence of resistancewill ever reach the samelow
level asbeforethe antimicrobial swereintroduced. Most
probably alow frequency of resistant bacteriawill
persist and make up areservoir fromwhereresistance
problemseasily can beselected if antibioticsare
introduced again.
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2. Effects of the termination of antimicrobial growth
promoter use on antimicrobial resistance in bacteria

from foods.

Jeppe Boel & Sigrid Andersen

Danish Veterinary and Food Administration,
Institute of Food Safety and Nutrition
Denmark

Abstract

Antimicrobial growth promoters (AGP) were
previously used extensively inthe production of broilers
and pigsin Denmark. This study is apresentation of data
on resistancetowards AGPin Enterococcus faecium
isolatesfrom Danish broiler meat, Danish pork, and
vegetablescollected at theretail level inthe period from
1996 to 2001. The data originate form theDanish
Integrated Antimicrobial ResistanceMonitoringand
Research Programme - DANMAP. Datafrom broiler
mesat show that the discontinued use of AGP hashad a
positive effect onthe occurrence of AGPresistance.
Following the termination of AGP adecreasewas
observed in resistancetowards avilamycin,
virginiamycin and avoparcinin E. faeciumfrom broiler
meat. Datafrom pork indicate that thelevel of resistance
in E. faeciumfrom pork to virginiamycin and macrolides
has been constant during the period 1996-2001,
regardlessof thetermination of AGPuse. Thisisin
contrast to corresponding datafrom pigs, where arather
good associ ation between the phasing out of AGP and
resistance trendsin faecal isolates of E. faeciumfrom
pigsat slaughter has been observed. Possible
explanationsto thiscould bethat it isdifferent clones
that prevail in faecal and food samples. Enterococci
from pork may originate from other sourcesin thefood
supply chain and distinct clones of enterococci may
possessdifferent potential for survival inthefood
production environment. From vegetables, E. faecium
exhibiting resistancetowards AGP and other
antimicrobial agentsat low frequencieshave been
isolated. Thesedataindicatethat athereisacertain
level of antimicrobial resistancein many typesof food.
Theobservationisfurthermoreimportant since many
vegetables are consumed uncooked. The present data
indicate that along with the use of antimicrobial agents
infood production other factorslike cross contamination
and survival and growth during food processing may
affect thelevelsof antimicrobial resistant bacteriain
foods. Thedatafurther show that the sensitivity of the
appliedisolation procedures should be considered when
evaluating resistance data. However, data about
antimicrobial resistancein bacteriafromfood at retail
level represents, together with knowledge about
consumption patterns, ameasurefor human exposureto
resistant bacteriaderiving fromfoods.

Introduction

Thesurveillance of antimicrobial resistancein
bacteriafrom food wasinitiated in 1996 as part of the
DANMAP programme. One of the aims of the pro-
grammeisto monitor thelevel of antimicrobial
resistancein bacteriafrom farm animal sthrough the
food supply chainto humans. Antimicrobial agents, like
tylosin, virginiamycin and avoparcin, were previously
used extensively asgrowth promotersinfood animalsin
Denmark. One of the problemswith AGPisthe
exhibition of cross-resistancetoimportant antimicrobial
agentsthat are used for treatment of humanse.g. tylosin/
erythomycin (macrolides), virginiamycin/pristinamycin
(streptogramins) and avoparcin/vancomycin
(glycopeptides). Inthe DANMAP programmeresistance
infaecal enterococci areused asanindicator of thelevel
of antimicrobial resistancein Gram-positive bacteriaand
inthis paper dataon resistancein E. faeciumisolated
fromfoodstowards AGP are presented.

Materials and Methods

Food sampleswere collected at retail outletsby
Regional Veterinary and Food Control Authorities
(RFCA) between 1996 and 2001. The collection of
samples was planed annually by the Danish Veterinary
and Food Administration (DVFA), and encompassed
different groupsof domestically produced raw foods
including pork, broiler meat, and vegetables. The food
sampleswereinvestigated qualitatively for the presence
of enterococci by the RFCA. Fivegrams of food were
added 45 ml of azide dextrose broth followed by
incubation at 44°C for 18-24 hours. Thebroth culture
was seeded on to Slanetz-Bartley agar and incubated for
48 hoursat 44°C. The agar plates were examined for
growth and onetypical red colony was purified on blood
agar. Thisisolate wasidentified to specieslevel and
susceptibility tested at DVFA. Only onestrain of E.
faeciumfrom each positive samplewas susceptibility
tested. Thestrainsweretested for resistancetothe
following AGP: avoparcin, avilamycin, virginiamycin,
macrolides, and bacitracin. The susceptibility testing of
strainsisolated in 1999-2001 was performed by determi-
nation of minimal inhibitory concentration (MIC) in
microtitrewells(Sensititre, Trek Diagnostic Systems
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Ltd.). Thestrainsisolatedin 1996-1998 weretested for
susceptibility to AGP by the standard agar (Miller-
Hinton I agar) dilution method in accordance with
NCCL Sor by tablet diffusion tests (Sensitabs, Rosco
Diagnostica). Thediffusion testswereapplied for
virginiamycin and bacitracin. The following breskpoints
were used: avoparcin 32ig/ml, avilamycin 16 ig/ml,
virginiamycin 8ig/ml (inhibition zone 25 mm),
macrolides8ig/ml, and bacitracin 128 ig/ml (inhibition
zone 17 mm). Wholebroilersfromtheretail level were
specifically investigated for presence of E. faeciumwith
high-level vancomycinresistance. Fivegramsof skin
wasincubated at 37°C for 18-24 hoursin 45 ml of azide
dextrose broth and subsequently seeded on Slanetz-
Bartley agar added 50 ig/ml vancomycin. Typical red
colonieswereidentified askE. faeciumand theisolated
strainswere analysed by PCR for presence of vanA, a
genethat confershigh-level resistanceto vancomycin.
Dataabout consumption of antimicrobialsin the Danish
livestock have been obtained from DANMAP reports.

Results and Discussion

E. faeciuminraw foods. Itisusually possibleto
isolate enterococci from raw foodsand E. faeciumis
also apart of the normal microfloraof many raw foods.
With the applied method E. faeciumwasisolated from
approximately 25% of raw pork samplesand
approximately 33% of theraw broiler meat samples. Itis
also possibletoisolateE. faeciumfrom vegetables, but
the prevalence varies between different products. The
most frequently contaminated vegetabl eswere sprout
products, in which E. faeciumcould beisolated from
60% of the analysed samples.

Effectsof thetermination of AGP useon
antimicrobial resistancein E. faeciumin pork. The
percentages of virginiamycin and macrolideresistance
among 186 E. faeciumstrainsfrom Danish pork are
presented in Figure 1 together with the consumption of
the AGP in kg of active compound. The data show, that
thelevel of resistancefor both virginiamycinand
macrolidesisquite constant during the period,
regardlessof thetermination of AGPuse. Avoparcin
resistance has not been detected inisolatesfrom pork in
the period 1996-2001. The constant level of resistance
in E. faeciumfrom pork differsfromthelevel of
resistance monitored in animalsat slaughter, wherea
decrease has been observed (DANMAP, 2001). The
reason for thisdifferenceisnot clear. A possible
explanation could bethat it isdifferent clonesthat
prevail infaecal and food samples. Enterococci from
pork may originatefrom other sourcesin thefood
supply chain than faecesfrom pigsand it isalso possible
that different clonesof enterococci have different
potential for survival and growth in thefood production
environment.
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Figurel. Trendsinvirginiamycinresistance (A) and
macrolideresistance (B) amongEnterococcusfaecium
frompigsand Danish pork and the usage of the growth
promotorsvirginiamycin (A) and macrolides(B). Pig
data were obtained from Danish Veterinary I nstitute.

Effectsof thetermination of AGP useon
antimicrobial resistancein E. faecium from broiler
meat. Theresistancein 181 strains of E. faecium
isolated from Danish broiler meat towardsavilamycin,
avoparcin, and virginiamycin together with the
consumption of the AGPin kg of active compound is
presented in Figure 2. The data show that thelevel of
resistance hasdecreased after the use of AGPinbroiler
production has been suspended. The declinein
occurrence of AGP resistance among E. faeciumfrom
poultry meat isin accordance with corresponding data
on E. faeciumisolated from faecal samplesof broilersat
daughter in Denmark (DANMAP, 2001; Emborg et al.
2002).
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EnterococcusfaeciumfromDanish broiler meat andthe
usage of the corresponding AGP.

Antimicrobial resistancein E.faeciumfrom
vegetables. E. faeciumexhibiting resistancetowards
AGP wereisolated at varying frequencies. The
percentages of resistance detected in 119E. faecium
isolated from raw vegetableswere 54% for macrolides,
10% for virginiamycin, 3% for avilamycin, and 3% for
bacitracin. The majority of theresistant strainsfrom
vegetableswereisolated from different sprout products.
The observation isimportant because many vegetables
are consumed uncooked. Thedatafurthermoreindicate
that athereisacertain level of antimicrobial resistance
in many types of food.

Sensitivity of resistancemonitoring. Theleve of
resistant bacteriafrom food samples can bemonitoredin
different ways. Inthe DANMAP surveillance bacteria
areisolated from foods by methods, which do not
include antibiotic selection. Thisapproach makesit
possibleto monitor therelative preval ence of
antimicrobial resistancein bacteria. However, the
method isnot suitablefor monitoring resistancein
bacteria populationswhere only asmall proportionis
resistant. I n these cases antibiotic selectionimprovesthe
sensitivity of the detection methods. In 1996 and 1997
the preval ence of vancomycin resi stant enterococci
(VRE) was studied by comparing the method applied in
the DANMAP surveillancewith aisolation procedure
that applied selective enrichment and inoculation on
Slanetz & Bartley agar supplemented with a breakpoint
concentration of vancomycin. The studiesincluded 90

and 60 broilersrespectively and theresults of the
investigations are presented in Figure 3. VRE were
recovered from 41% and 48% of the sampleswith the
sel ective enrichment procedure, whereasthe DANMAP
method only resulted in therecovery of VRE from 9%
and 0% of theinvestigated samples. A similar selective
method was applied in arecent study of VRE in Danish
broiler flocks. Inthisstudy VRE weredemonstrated in
up to 74% of broiler flocksfiveyearsafter the use of
avoparcinwere prohibited (Heuer et al. 2002).
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Figure 3. Detection of vancomycin resistant E. faecium
inraw broiler meat collected at retail outlets

deter mined by two different methods. Thedataare
generated intwo studies, whichincluded 90 and 60
broilersrespectively. Inthe sel ective method
vancomycinwasapplied asa selectiveagent inthe
isolation of E. faecium fromfoodswhereastheE
faecium strainsisolated by the DANMAP method were
i solated without the use of vancomycin.

Human exposur e. Dataabout antimicrobial
resistant bacteriafrom food at retail level, represents,
together with knowledge about consumption patterns, a
measurefor thepotential human exposureto resistant
bacteriaderiving from foods. Antimicrobial resistancein
E. faeciummay affect human healthin different ways. It
iswell known, that E. faeciumsometimes cause
opportunisticinfectionsand in these cases antimicrobial
resistance may impede efficient therapy. Another aspect
isthe exposure of humansto bacteriathat contains
mobile antibiotic resistance genes. Thepotential of
subsequent transfer of genesto the resident microbiota
inthe gastrointestinal tract may add to the devel opment
of bacteriacarrying new resistances. Recently, it was
shown that antimicrobial resistantE. faeciumstrains
isolated from broilersand pork ingested by human
volunteersresulted in sustained intestinal carriage,
wheretheingested strainswere shedded for at least 14
dayspostingestion (Sgrensen et al. 2001). Other studies
have shown that resistance genesarereadily horizontally
transferred bothinvitro andin vivo. A study performed
with gnotobiotic rats has demonstrated transfer of vatD
gene (virginiamycinresistance) betweenisogenic strains
of E. faeciumin the gastrointestinal tracts (Jacobsen et
al. 1999).
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Conclusions

Thisstudy is presenting baseline dataon AGP
resistancein E. faeciumstrainsisolated fromfoodsin
Denmark. Together with knowledge about consumption
patternsthese dataare ameasurefor the potential human
exposureto resistant bacteriafrom foods. In Denmark
thetermination of AGP use hasbeen followed by a
reduction of theresistancein E. faeciumfrom broiler
mest towards virginiamycin, avoparcin and avilamycin.
InE. faeciumfrom pork theresistancelevel stowards
virginiamycin and macrolides have been quite constant
during the period, despite of thetermination of AGP use.
The datafurthermoreindicate that athereisacertain
level of antimicrobial resistancein many typesof food.
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3. Effects of the termination of AGP use on
antimicrobial resistance in humans

Niels Frimodt-Mgller and Anette M. Hammerum
Microbiological Research and Development
Statens Serum Institut

Denmark

Abstract:

The EU-ban on some of the antimicrobial growth
promoters (AGP) and the subsequent volontary stopin
theuseof all AGPin Denmark reduced the consumption
of antimicrobial swith around 2/3 of thetotal amount of
antibiotics used for veterinary purposes, or about 80-90
tons of antibacterial compounds. Thishad an almost
immediate impact with amarked reductionin the
frequency of resistancein enterococci isolated from
various production animalstowards severa of thedrugs
used for growth promotion. Theimpact of these
changesin enterococcal resistance has been lessmarked
in Danish human medicin, mostly because enterococci
arerelatively rareetiologiesin seriousinfectionsin
humansin Denmark. In Danish enterococci isolated
frombood culturesin 2000 and 2001 no vancomycin
resistant enterococci (V RE) were present, but thiswas
also very seldom seen beforethe AGP ban. In other
European countrieswith higher pre-ban VRE ratesa
reduced carrier rate of VRE in human volunteers has
been reported.

Reduced resistance frequency against bacitracinwas
seeninthesestrainscompared to pre-AGP ban strains.

The marked reduction in macrolide AGP use can be
monitored in areduced resistancerate against
macrolidesin Campylobacter sppinboth Denmark and
other European countries. Thislower resistancerate has
beneficial consequencesinthat it can be shown, that
macrolide resistance in Campylobacter isrelated to a
more serious outcome, even death, from Campyl obacter
infections.

After the AGP ban an increasein veterinary
therapeutic use of antibioticshasbeen recordedin
Denmark, especially intetracykline. Theimpact of this
increased use might bethereason for increasesin
tetracyklineresistance recorded in some
Enterobacteriaceae such asSalmonella spp. Whether
this has had any clinical impact remainsto be proven.

Further studies are needed to monitor theeffectin
humans of the ban on AGP use.

Introduction

In July 2002 thefirst vancomycin-resi stant
Staphylococcus aureus, i.e. based upon thevanA gene,

was reported from the USA (1). The strain had probably
received thevanA gene by conjugation from avanA-
bearing Enter ococcus sp. residing in the same catheter-
relatedinfectioninadialysispatient (1). Thiswas
exactly what everybody had feared would happen if
vancomycin-resistant enterococci (VRE) wereallowed
toroam freely particularly in settings, where selective
and promotive factors were at hand such asan
immunodepressed patient with foreign body infections
frequently treated with broad-spectrum antibiotics. And
thiswasthe ultimate risk determinant brought forward
by opponentsto thewide use of antibiotic growth
promotersin Europeinthemid 1990 ies, which
included avoparcin, aglycopeptide with compl ete cross
resi stancetowardsvancomycin.

Surprisingly —or luckily —the political systemwas
sensitiveto the expert recommendations. Perhapsitis
ironical that thevanA positiveS. aureus should develop
inthe USA, which had not registered avoparcin for use
as AGP, but which has on the other hand not yet taken
action against AGP sintheir food productionindustry.

The ban on some of the antimicrobial growth
promoters (AGP) inthe EU countriescombined with the
subsequent voluntary withdrawal of al AGP from the
food productionindustry in Denmark resulted in one of
themost marked reductionsin antibiotic use ever seen—
at least in our country. In Denmark thisamounted to a
decreasein antibiotic use of morethan 115 tonsfrom
1994 to 2000 or 20 tons morethan thetotal therapeutic
useof antibioticsintheveterinary fieldin 2001 (2). The
three most important drugsused for AGPwerein
ranking order themacrolide, Tylosin, the glycopeptide,
Avoparcin, and Bacitracin. Theimpact of thischange on
antibiotic resistance especially for human medicineis
the scopeinthis presentation. Thismay be monitoredin
susceptibilitiesof Gram-positive bacteriasuch as
enterococci and in zoonotic bacteriaasCampyl obacter
spp. Another effect of reduced antibiotic pressure might
be achangein prevalences of certain pathogensinnately
resistant towardsthe misused drugs.

Thereduction in AGP use haslead to ahopefully
temporary increasein the use of therapeutic antibiotics,
especially tetracykline. Thisincrease may on the other
hand have adetrimental effect such asincreasesin
resistancetowardstetracyklineand perhapsother
antibioticsin clinically important bacteria, e.g. Salmo-
nella.
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Some of the problemswith studying the above
mentioned pathogens arethat bacteriasuch as
enterococci have not previously been part of intense
screening programs prior to the AGP, which meansthat
thereisapaucity in pre-ban datato compare with recent
post-ban data.

Enterococcus spp.

Theincreasing prevalenceof and clinical impor-
tance of vancomycin resi stant enterococci (V RE) were
themain reasonsfor focusing on AGPin the beginning
of the 1990’ies. The prevalence of VRE increased
particularly inthe USA, and to some extent in some
European countries. The suspicionon AGP swas
substantiated by studiesinvestigating the VRE carrier-
ratein volunteers not receiving —or working with
antibiotics, such asin hospitalsand thelike; carrier rates
of up to 38% of suchindividualswerereported (2,3),
indicating that these bacteriawere presentinthe
community outside hospitals, and culturesfrom poultry
and pork provided thelink (2.

What isthe present post-ban prevalence of VRE in
Europe and other continents? One study specifically
investigated the carrier-ratesat thetimearound the AGP
ban and again in 2001 (4) and found areduction in the
rate of vanA positiveE. faeciumfrom 5.7%in 1996 to
0.6% in ahospitalised patient population in Belgium.
Thisreduction waslinked to the AGP ban (4).

Prevalenceratesof faecal carriagein human
volunteers, i.e. not connected with hospitals, of VRE
from various parts of theWorld after 1998 are shownin
Table 1. Generaly, therates are lower in Europe and
Austraiathan in the USA. In Europe VRE rates are
lower in Scandinavian countriesthan in Southern
Europe, but generally theratesare quitelow in Europe.
This could indicate that the withdrawal of ahuge
selectiveforce such astheglycopeptide Avoparcin has
reduced or maintained alow prevalence of VRE in
Europe. Thereason for theextremely high ratesof VRE
in hospital isolatesin the USA must befound inthe
antibiotic useand infection control measuresin that
country.

Table2 showsresistancerates of variousAGP'sin
E. faeciumandE. faecalisfrom Danish studies of human
volunteersin 1996 (2) and an ongoing prospective study
of human volunteers, started in 2002. Furthermore,
Table 2 comparestheserateswith resultsfrom astrain
material from blood cultureisolatesfromall over
Denmark in 2000-01. No VRE swerefound, but
erythromycinresistanceisprevalent inthesestrains,
which probably is connected with the human use of
macrolides, i.e. around 2 DDD/1000inhabitants/day (2).

Campylobacter spp.

Campylobacter arewell known zoonotic bacteria
causing infectionsin humans and it hasin Denmark
clearly overtaken therolefrom Salmonella asthe most
common etiology in human diarrhoeal disease. In some

casesthediarrhoeadevel opsinto seriousdisease, which
may cause the death of the patient. Tchamgoue et.al (16)
reported 121 Campylobacter patientsadmittedtoa
hospital in France, of wom 106 (88%) suffered from
bacteraemia. Seriouscomplicationsincluding
endocarditisand meningitisamaongst othersdevel oped
in some of the patients, and 18 (15%) of the patients
died.

In an ongoing study of the Danish human
Campylobacter casesreported to the Statens Serum
Institut, it can bedemonstrated, that erythromycin-
resistant isolates are connected with asignificantly
higher mortality than other cases (K M glbak, personal
communication).

Resistance towards erythromycin and
fluoroguinol ones has been amply demonstrated in these
bacteriaand this has been connected with the use of
theseantibioticsinanimal husbandry. Thereforeitis
interesting tofollow especially themacrolideresistance
ratein these pathogens, since thismight indicate whether
the drop in macrolide use as growth promoters has had
any consequencefor antibiotic resistancerates. Actualy,
erythromycin resistance ratesin Campyl obacer coli
from pigs have decreased from 60% in 1996 to 30%in
2001, while showing amore subtle decreasein the same
typeof strainsfrom broilers(2). Similarly, erythromycin
resistancein C. jejuni from broilershave decreased from
5%in 1996 to 0in 2001. Eryhtromycinresistancein
human C. jgjuni isolates still remains around 5%, which
isconnected withimport fromforeigntravel. Similar
trends have been reported from Norway (18).

Salmonella spp.

Although thetotal antibiotic consumption has
decreased significacntly in Denmark asaconsequence
of the AGP ban, someincreasein therapeutic use of
antibioticsfor animal husbandry hasbeen recorded (2).
Use of tetracykline constitutesamajor part of this
increase (24 tonsin 2000, 27,9 tonsin 2001). Whether
thisincreasing use has any impact for human disease has
not been studied in detail. In human domestic isolates of
Salmonella Typhimurium, however, resistancetowards
tetracyklineincreased from 20%in 1996 to 40%in
2001, and thisincrease was parallel for ampicillinand
chloramfenical, which might indicatethat amajor part
of theseresistancetraitsare proneto co-selection. Inthis
respect, increasein tetracykline use may select for other
and moreimportant typesof antibiotic resistancein
these pathogens.

Conlusion:

Themajor reduction in antimicrobial consumption
after the ban of AGP shasresulted in adecreasein
antibioticresistanceratestowardsthe AGP sespecially
the glycopeptides. Therate of VRE in Denmark was low
to non-existant prior to the ban, probably connected with
thelow antibiotic use on the human side both inside- and
outside hospitals. Thisextremely low prevalence of
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V RE has been maintained in Denmark and therest of
Scandinavia. Somewhat higher VRE prevalence rates
arereported from therest of Europe, but theseratesare
low —in some cases clearly lower than five years ago.
Thislow prevalence of VRE in the community is
probably the reason for the general low preval ence of
these bacteriain hospitals, in contrast to the very high
frequencies of VRE (~50%) reported frominthe USA.

The decreasein AGP macrolide use hashad a
beneficial impact onthe macrolideresistanceratesin
Campylobacter, which may be provento resultinlower
mortality frominfections caused by this pathogen. The
resulting increasein therapeutic use of antibiotics-
noticeably tetracykline - for animal husbandry may have
resulted inincreased resistance e.g. in Salmonella spp.
Thereisfocusonthisincreased consumptionin Den-
mark, and we expect further reductionsin therapeutic
antibiotic useinthe coming years, and furher efforts
will be concentrated on maintaining thelow antibiotic
consumption for humans.
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Tablel: Prevalenceratesor frequenciesof vancomycin resistant enterococci (VRE) in
rectal samples, or otherwisenoted, reported fromvarious parts of the World from after
1998, i.e. after theban on antimicrobial growth promotersinthe EU. Only reportson

vancomycinresistant E. faecalisor E. faeciumareincluded.

Reference Country Year Type of VRErate |Comments
samples (%)
This paper Denmark 2002 Faeces, 0/27 (0)
Hv*
Torell (5) Sweden 1999 Faeces 1/670 One VRE
HV* (0,1) imported
from Africa
Wendt (6) Germany 1999 Faeces (0,9)
HV*
Van den Holland 1998 Faeces, 15/1.112 No increase
Braak (7) Ptts (1.4) from 1995
Gambaretto | France 2000 Faeces, 20/169 Majority E.
(8) HV* (12) gallinarum.
leven (4) Belgium 2001 Faeces, 3/353(0,6)
Ptts
Nourse C (9) |Ireland 2000 Faeces 0/116 VanA E.
Hv* 0)
Lombardi Italy 2001 Isolates  6/90 E. faecium
(10) from isolates (7) |isolates
Faeces, studied
Ptts
Novais (11) |Portugal 2001 Isolates  21/354 Enterococcal
from isolates (6) |isolates
Faeces studied
HV*
Del Campo | Spain 2001 Faeces 0/42 (0)
(12) HvV*
Paglione AA | Australia 2000 Faeces 2/1.085 Both vanB E.
(13) HV* (0,2) faecium
Moet (14) USA 1997-01 Blood E. faecium |> 3.500
culture 50%, enterococcal
isolates  E. faecalis [isolates
2.3%
Garey (15) USA 2001 20.194 VR E.
enteroocc faecalis 7%
all VR E.
isolates, faecium
focus not 50%
specified

*HV, healthy volunteers
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Table2. Resistanceto variousantibioticsused asgrowth promatersin Danish enterococcus
spp. fromhealthy volunteer s (1996 & 2002) and fromblood cultures (2000-01)

Resistant/total (%)
E. faecium E. faecalis
Human volunteers | Blood | Human volunteers | Blood

culture culture
Year 1996 2002 2000-01 1996 2002 2000-01
Antibiotic:
Flavomycin* - - - 1/49 (2) | 2/27 (7) | 0/24(0)
Avilamycin 0/15 (0) | 3/19 (16) | 0/29 (0) | 0/49 (0) | 0O/27 (0) | 0/24 (0)
(Evernimicin)
Virginiamycin | 7/24 (29) | 0/19 (0) | 0/29 (0) - - -
(quinopristin/d
alfopristin)®
Tylosin 2/25(8) | 1/19 (5) 16/29 8/97 (8) 10/27 | 7/24 (29)
(Erythromycin) (55) (37)
Avoparcin 0/24 (0) | 0/19 (0) | 0/29 (0) | 0/49 (0) | 0O/27 (0) | 0/27 (0)
vancomycin

1) E. faeciumisintrincic resistent to flavomycin

2) E.faecalisisintrinsic resistant to virginiamycin
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4. Effects of the termination of antibiotic growth
promoters use on antimicrobial resistance in pig
farms: Macrolide-resistance among enterococci in

finishers.

Hakan Vigre,

Danish Veterinary Institute,

Department of Pathology and Epidemiology
Denmark

Summary

Inthe Danish pig industry, tylosin (amacrolide) has
been commonly used asan antimicrobial growth
promoter (AGP) for weanersand growers-finisherssince
themid 80’s. The use of tylosin asantimicrobial growth
promoter was ceased in 1999, whentheuse of AGPin
the pig production was withdrawn. The use of tylosin as
AGPin pig production might have caused large
reservoirsfor resistant bacteriaor genesencoding
macrolide-resistancethat can betransferred to human
pathogens.

The purpose of the presented study wasto identify
and quantify apossible effect of withdrawing tylosin as
AGPontheoccurrence of macrolide-resistanceinthe
faecal enterococci populationinfinishersat Danishpig
farms. The study was based on results of bacteriological
examination of faecal samplesfrom 670 pigsat 69
different farms. The sampleswere collected from each
farm at oneto three occasions, and at each occasion
sampleswere collected from 10 finishers. The dates of
cessation use of tylosin as AGPfor weanersand/or
growers-finisherswere collected by interviewing the
pig-producer.

Theeffect of ceasing theuse of tylosinasAGPwas
assumed to be multiplicative with the duration of time
that had passed after cessation and was estimatedin 1) a
logistic model with the detection of macrolide-resistant
enterococci within finishersas dependent variableand
2) inalinear model with the degree of macrolide-
resistancein the enterococci populationinfinishersas
dependent variable. The estimates were adjusted for a
potential within-farm clustering of the occurrence of
macrolide-resistance by adding farm asarandom effect
inthemodels.

Thisstudy showed that the occurrence of macrolide-
resistancein enterococci from faecal samplesfrom
finishersishigh, and therate of decreaseinthe
occurrenceof macrolide-resistance after withdrawal
tylosinas AGPto pigsisslow, and takes place over
severa years.

The study also showed that, concerning macrolide-
resistance, correl ation between finishersthat have been
exposed to the samefarm-specific management factors
islow, indicating that pig-specific factorshave major

influence on the occurrence of macrolide-resistance.
Future epidemiological research concerning
antimicrobial resistancein thepig production should be
focused onidentifying risk factorsat both the pig-level
andthefarm-level.

1. Introduction

Themainfocusof thiswritten contributionisto
illustrate the effects of the termination of antibiotic
growth promoters (AGP) use on antimicrobial resistance
in Danish pig farms. Parallel to this, the contribution
describesthe application of epidemiol ogy conceptsfor
illustrating the effect. In Denmark different types of
antibiotics has been used as AGP within the pig
productionsincethe 70’ s, whereastheantibiotictylosin
has been one of the most commonly used for both
weanersand growers-finisherssincethemid 80's.
Tylosinisamacrolideantibiotic, just aserythromycin
and azitromycin, which areimportant antibioticsin the
treatment of infectionswith staphylococci and
streptococci in humans. Bacterial enzymesthat alter the
target site of the macrolidesarethe most common cause
of resistancein staphylococci, streptococci and
enterococci, and the genes encoding these enzymesare
commonly transferable. Therefore, theuse of tylosinas
AGPinpig production may resultin largereservoirsfor
resistant bacteriaor genes encoding macrolide-
resistancethat can betransferred to human pathogens.

Inthe beginning of 1998, the use of AGPfor
growers-finisherswaswithdrawn, and the cessation of
using AGPwithin the entire pig production became
completein 1999, when the use of AGP for weanerswas
withdrawn. Regarding the effect of ceasing the use of
tylosin as AGP on the occurrence of macrolide-
resistancein the Danish pig production, information at
the nationa level isavailablein DANMAP (DANMAP,
2001). However, dueto the design of the surveillance
system, the DANAM P-data can neither be used for
estimating the effects of ceasingthe use of tylosinas
AGP ontheoccurrenceof macrolide-resistanceat farm-
level or pig-level, nor estimatethe variation of
occurrence of macrolide-resistancein the enterococci
population between farms, and between pigswithin
farms.
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To obtain these estimates, an observational study
was performed in anumber of pig farms, and the results
concerning the occurrence of macrolide-resistant
enterococci from thisstudy will beusedtoillustratethe
effectsof thetermination of AGP useon antimicrobial
resistancein Danish pigfarms. Theresultswere
statistically analysed with the specific aim to estimate
theeffect of ceasethe use of tylosinasAGPamong 1)
weanersand 2) growers-finishers. A secondary objective
wasto quantify the variation of occurrence of macro-
lide-resistant enterococci between farms, and between
finisherswithinfarms.

2. Material and methods

Materials

The actual study isapart of astudy performedto
eval uatethe effect of terminating the use of AGPinthe
pig production on antimicrobial resistance, pig health
and performance. Oneimportant intention in thisstudy
wasto evaluate theeffect of different factorspresent
during the nursing and weaning period, e.g. theuse AGP,
on occurrence of macrolide-resistanceamong finishers.
On this background, to be able to collect valid data
about early exposure of thefinishers, the study was
restricted tointegrated pig production units- farms.

The selection criteriaused in theidentification of
the study populationisgiveninthewritten contribution
by Per Bundgaard Larsen at thissymposium. Briefly,
identification of pigsfor collection of faecal samplesto
be used for examining the occurrence of macrolide-
resistancein the enterococci popul ation wasperformed
by astratified sampling procedure. Sixteen veterinary
swine-practitioners participated in the study. Among the
clientsof each veterinarian, 2-17 farmswereidentified,
intotal 120 farms. Thefarmswereeither at onesingle
locality, or situated at two localities (at asow- and
weaning unit, and at a growing-finishing unit). Faeca
sampleswere collected from each farm at oneto three
occasions. At each occasion, sampleswerecollected
fromtherectum of 10finishers.

Information about the use and ceased use of AGPin
thefarmswas collected by interviewing the pig-produ-
cer. Thedateswhen thefarms stopped using different
AGPfor weanersand growers-finishers, respectively,
werealso collected at theinterview. Thedatefor fina
stop of AGP useto weanerswas validated with thefirms
delivering the feedstuff.

Thedate of thefinal termination of using AGPto
weanersranged from the 1 Jul. 1996 to the 25 Feb. 2000
(25% of thefarms ceased using AGP before 31 Mar.
1999, 50% of thefarmsbeforethe 1 Aug. 1999 and 75%
of thefarmsbeforethe 1 Sept. 1999). Inthe 120 farms,
thefinal AGP used for weanerswas ol aquindox/
carbadox (83 farms), tylosin (18 farms) and avilamycin
(9farms). Theinformation wasmissing for 7 farms.
Many farms had been using several AGP’ sinrations.
For 16 of thefarms, which have not been using tylosin
immediately before cessation of AGP, it waspossibleto
collect the datewhen tylosin was|last used asAGPfor

weaners. The date of ceased use of AGPfor growers-
finishersranged fromthe 1 Jul. 1994 tothe 1 Sept. 1999
(25% of the farms ceased using AGP beforethe 1 Jan.
1998, 50% of thefarms ceased using AGP beforethe 1
Jan. 1998 and 75% beforethe 1 Mar. 1998). Thefinal
AGPused to thegrowers-finisherswastylosin (47
farms) and olaguindox/carbadox (4 farms). Theinforma-
tionwasmissing for 69 farms.

The methods used for bacteriological examination
of thefaecal samplesaredescribed in detailed by
Aarestrup and Carstensen (1998). Enterococci were
enumerated inthreereplicatesinthedilution 102 10°
and 10 ontwo different selectiveand indicative
substrates. Slanetz agar and Slanetz agar containing 20
mg/ml of erythromycin. The number of enterococci-like
colonieswas counted and recorded.

Statistical methods

Only farmswith known date of ceased using tylosin
asAGPfor weanersor to growers-finisherswere of
concernin the statistical summarisation and analyses of
data. The purpose of the statistical analyseswasto
identify and quantify apossible effect of withdraw
tylosinas AGP onthe occurrence of macrolide-
resistanceinthefaecal enterococci populationin
finishers. Inthe statistical modelsit wasassumed that
the possible effect was multiplicativewith the duration
of time passed after ceased use of tylosinasAGP
(I nterva AGP-mpIing)'

Theeffect of ceasing theuse of tylosinas AGPon
the occurrence of macrolide-resistance concerned 1)
probability for detection of macrolide-resistant
enterococci within finishersand 2) the degree of macro-
lide-resistanceinthe enterococci populationinfinishers
with detectable macrolide-resi stant enterococci.

A logistic model (model 1) was used to estimatethe
effect of ceasing theuse of tylosinasAGPonthe
probability (p) to detect macrolide-resistant enterococci.
Theeffect of farm wasincluded asrandom effect (u,, ).
The estimation procedurewasimplemented in SAS,
proc nimixed.

log (p/(1-p) =b,+b dayAGP-sanpnng* interval AGP-sampling T
U, (model 1)
where: b = linear effect of each day inthe

day AGP-sampling X
interval between ceasing the use of tylosin as AGP and faecal

sampling

The degree of macrolide-resistance was defined as
theproportion of macrolide-resi stance enterococci
within each faecal sample—themacrolide-resistance
index. It was calculated as the maximum likelihood
estimate in aPoisson model with uncountable plates
considered asright-censored (model 2). Theestimation
procedurewasimplemented in SAS, proc nimixed.

log(CFU) =b +b ,, ...(-(log dilution)) +b

(presence of erythromycinintheagar) (model

resistance
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where: b, = log(number of CFU per gram faeces); b
= effect of dilution;
b =log(macrolide-resistanceindex)

resistance

dilution

To estimatetheeffect of ceasing the use of tylosin
asAGPonthedegreeof macrolide-resistancethe
cal cul ated logarithmic macrolide-resistanceindiceswere
used asthe outcomein alinear model, wherefarm was
included asarandom effect (u, ). Theestimation
procedure wasimplemented in SAS, proc mixed. To
adjust theanalysisfor thefact that theindiceswere
determined with different accuracy the analysiswas
weighted by thereciprocal of the standard error of the
eﬁl mated braisanoe.

log(macrolide-resistance index) =b  +b

. day AGP-sampling
(interval te

(mode! 3)

AGP-sampl ing) + ufarm

where: b 1o cmpiing = l1N€AN effect of each day inthe
interval between ceasing the use of tylosin as AGP and faecal

sampling

Given that the age of the animals at sampling was a
result of the sampling schedule, and that age might
influencethe occurrence of resistance, the effect of age
of the animal s at sampling wasforced into model 1 and
3.

The degree of similarity in occurrence of macrolide-
resistance between pigswithinthesamefarmwas
expressed astheintra-unit correlation coefficient (ICC).
The | CC expressing the similarity between pigs
concerning the probability of detecting macrolide-
resi stant enterococci in faeceswas calculated astheratio
between the variance component at farm-level and the
sum of the variance components at farm- and pig-level
using thelatent approach and the estimates obtained in
thelogistic model. Thel CC expressing thesimilarity
between pigs concerning degree of macrolide-resistance
was cal culated astheratio between the variance
component at thefarm-level and the sum of the variance
componentsat thefarm- and pig-level using the
estimates of the variance componentsin thelinear
model.

3. Results

From the 69 farmswith known date of cessation of
using tylosin asAGPfor weanersand/or for growers-
finishers, resultsfromthebacteriol ogical examination
wereavailablefrom 670 pigs. The faecal sampleswere
collectedintheperiod 18 Feb. 1999 —31 Oct. 2000.
Thecrude proportion of pigswith erythromycin-resistant
enterococci was 68% (458/670). Infig 1, theproportion
of pigswith erythromycin-resistant enterococci at
different timesafter ceased used of tylosinasAGPfor
weanersand growers-finishers, respectively, are
illustrated. Among the pigswith erythromycin-resistant
enterococci, the mean of the proportion of macrolide-
resistant enterococci inthe pigswas 34%. Infig. 2the
proportion of erythromycin-resistant enterococci in
individual pigsare scattered against time after ceased
used of tylosin as AGP for weanersand growers-
finishers, respectively.

The parameter-estimates obtained in model 1 and 3
arepresentedintable 1.

Using theestimated confidencelimitsinthelogistic
model of the effect of ceasing theuse of tylosinasAGP
for weaners, the average probability to detect macrolide-
resistant enterococci infaecal samplescould be
predicted to be halved (from 94% to 47%) within a
period between 2 to 9 years.

Dueto that the response variablein the linear model
wasthelogarithm of degree of macrolide-resistance, the
averagerate of decreasing degree of macrolide-
resistancein the pig production could be expressed as
half-life (1092/(- (0, xsp.camping))- USiNg the estimated
confidencelimitsof the effect of ceasing the use of
tylosinasAGPfor weaners(b . AGF,_Wp”ng), thehaf-life
was estimated to be between 0.5 and 1.5 year.

Table 1. The parameter-estimatesin 1) the logistic model describing the probability of detecting
erythromycin-resistant enterococci in afaecal samplefromafinisher andin 2) thelinear model
describing the degree of erythromycin-resistant enterococci in afaecal samplefromarfinisher.

L ogistic model Linear model
Parameters interval sgp. Interval acp.sampling Interval ,qp. interval ace.cmpling
_saming Weaners? - growers-finishers® g Weaners® - growers-finishers®

Random effects

U 144 2.67 0.46° 0.51°¢

e, 1 1 1.25¢ 1.51¢
Fixed effects

bo 2.59 451 0.77 1.03

[ —— -0.00321 * -0.00468 * -0.00221 * -0.00141*

ausing datawhere date of ceasing the use of tylosin as AGP for weaners are known

busing data where date of ceasing the use of tylosin as AGP for growers-finishers are known
¢ the estimates of the random effects are from the non-weighted analyses

* the estimate is significant different from zero at a 0.05-level of significance
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Fig. 1. Bar chartssummarising the proportion of pigswith erythromycin-resistant enterococci (vertical axis) in
relationto month that had passed after cessation of using tylosin as AGP (horizontal axis) for weaners(left column)

and for grower s-finishers(right column).
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Fig. 2. Scatter plotsof proportion of erythromycin-resistant enterococci inindividual pigsinwhich erythromycin-resistant
enterococci weredetected (vertical axis) inrelation to month that had passed after cessation of using tylosinasAGP
(horizontal axis) for weaner s (left column) and grower s-finishers(right column).

Using the estimated variance componentsfor farm-
level and pig-level the correlation between pigsinthe
samefarm concerning detection of macrolide-resistance
was 30%, and the correl ation between pigsin the same
farm concerning the degree of macrolide-resistancewas
27%.

Only in 12 farmsboth the date of ceasing the use of
tylosinas AGPfor weanersand for growers-finishers
wereavailable. In these farmsthe amount of time that
had passed after ceasing the use of tylosinas AGPfor
weanersand for growers-finishershad ahighin-farm
correlation (72%). Asaconsequence of thestrong
within-farm correl ation between thetime that has passed
after cessation of usingtylosin as AGPfor weanersand
growers-finishers, it wasnot possiblein thisstudy to
distinguish the effect of ceasing the use of tylosinas AGP
inweanersand the effect of ceasing theuse of tylosinas
AGPingrowers-finisherson the occurrence of macro-
lide-resistance.

During analysing the data, effortswere made to
detect amore complex effect then asimplelinear of
ceasing the use of tylosin as AGP. The effect was added

asacubic polynomial into the models, but without
increasing thefit of themodel sto the data. Also, the
effect of eventsof mass-medicationwith tylosin or
lincomycininthefarmswere added to themodelsasa
binary effect, but the estimated parametersdid not
indicate any effect of mass-medication on occurrence of
macrolide-resistance.

4. Conclusion

Based on theresults presented it can be concluded
that the rate of decreasing occurrence of macrolide-
resistanceafter cessation the use of tylosinasAGPto
pigsisdow, and takes place over severa years. The
relative high occurrence of macrolide-resistanceinthe
pig production, presumably provoked by the use of
tylosinas AGPfor decades, will last for several years
after the cessation. Several factorshave been proposed
to have amaintaining effect on the occurrence of
macrolide-resistance. Usingtylosin asatherapeutic
antibiotic will makethemicrobiologica environment
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more suitablefor tylosin-resistant enterococci compared
to non-resistant enterococci, and thiswill provoke
macrolide-resistancein the sameway astylosin used as
AGP. Alsofactorsnot related to antibiotics might
influence ontheoccurrence of macrolide-resistance, e.g.
the effect of season. Furthermore, except froman
indirect effect of disease preventing factorsduetoless
use of tylosin asatherapeutic, production systems
known to prevent transmission of pathogenic bacteriain
pig production, e.g. al in/al out production, might also
reducethetransfer of antibiotic-resistant bacteria
between pigs. However, in thisstudy arelatively low
between-pig within-farm correl ation in the occurrence of
macrolide-resistancewasfound. Thelow correlation
between finishersthat have been exposed to the same
farm-specific management factorsindicatethat pig-
specificfactors, or even sample-specific factors, have
maj or influence on the occurrence of macrolide-
resistance. Future epidemiol ogical research should be
focused onidentifying risk factorsat both thefarm-level
and the pig-level. Formulation of causal path diagrams,
and evaluation of which type of effect potential risk
factorsincluded in the path diagrams have, are of special
importance.
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Abstract

The glycopeptide growth promoter avoparcin was
banned from animal production in Denmark in 1995 due
to concernfor thetransfer of vancomycin resistant
enterococci (V RE) from food animalsto humans. This
presentation containsresultsfromtwo studiesof the
occurrence and persistence of VRE in Danish broiler
production after the avoparcin ban.

Inthefirst study weinvestigated the occurrence of
VRE inbroiler flocksinthe absence of the selective
pressure exerted by the use of avoparcin. One hundred
and sixty-two broiler flocksfrom rearing systemswith
different history of avoparcin exposurewere
investigated for the presence of VRE. Using adirect
selective plating procedure VRE wereisolated from 104
of 140 (74.3 %) broiler flocksreared in broiler houses
previously exposed to avoparcin on conventiona and
extensiveindoor broiler farms. In contrast only 2 of 22
(9.1%) organic broiler flocksreared on free-rangefarms
with no history of previous exposureto avoparcin were
V RE-positive. Furthermorethe occurrence of VRE over
timeinflocksrearedinbroiler houses previously
exposed to avoparcin wasinvestigated. No significant
decreasein the proportion of VRE positiveflockswas
observed during the study period (1998-2001). This
study demonstrated extensive occurrence of VRE in
broiler flocks morethan five years after the avoparcin
ban in Denmark, indicating that VRE may persist in the
absence of the selective pressure exerted by avoparcin.

Inthe second study weinvestigated the persistence
of VRE on broiler farmsin the absence of the selective
pressure exerted by avoparcin. Environmental samples
were obtained from five broiler houses after
depopulation, cleaning and disinfection of the houses
between rotations, and two consecutive broiler flocks
from each house were sampled by taking cloacal swabs
fromthebroilersat thetime of slaughter. Vancomycin
resistant E. faeciumisolates obtained from broiler flocks
and broiler houseswere subjected to molecular typing
by pulsed-field gel el ectrophoresis (PFGE). VRE with
indistinguishable or highly similar PFGE-profileswere
isolated from consecutive broiler flocksand from

environmenta samplesfrom the housesinwhichthe
flockswerereared, whereasV RE-isolatesfrom different
broiler houses, and fromflocksreared in different
houses appeared to be genetically unrelated. These
findingsindicated that VRE wastransmitted between
consecutivebroiler flocksby clonesof resistant bacteria
surviving in the broiler houses despite cleaning and
disinfection between rotations. Thus, theextensive
occurrenceof VRE inbroiler flocks after theavoparcin
ban may be explained by persistence of VRE in the
broiler house environment.

Introduction

Vancomycinresistant enterococci (VRE) have
emerged asanimportant cause of hospital acquired
infections. Thishasbeen ascribed to anincreaseinthe
use of cephal osporinsand vancomycin in hospital
settings (16), but also to the possibletransfer of resistant
bacteriaor mobileresistance determinantsto humans,
from food animalsfed avoparcin asagrowth promoter.
The glycopeptide avoparcin has been used for growth
promotioninanimal productionin many countriesand
the association between the use of avoparcin asafeed
additivein broiler production and the occurrence of
VREinbroilersiswell documented (6;15). The use of
avoparcin was banned in Denmark and Norway in 1995,
in Germany in 1996 and in all of the EU in 1997. The
enforcement of the ban wasexpectedtoresultina
decline of VRE infood animals and thereby to reduce
human exposure to VRE viathefood chain.

However, studiesfrom Belgium (9), Norway (15)
and Denmark (6) conducted shortly after the avoparcin
ban gaveindicationsthat VRE in poultry flocks would
not readily disappear. In these studies sampling was
done from few month until one and ahalf year after the
avoparcin ban, yet VRE were frequently isolated from
fecal samplesfrom poultry. Norwegian studieshave
documented extensive occurrence of VRE on poultry
farmsthree years after the avoparcin ban (7), and
persistence of VRE inthe poultry environment despite
absence of the sel ective pressure exerted by the use of
avoparcin has been demonstrated (8).
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A declineof VRE prevalencein broilers after the
avoparcin ban has been reported from The Netherlands
(18), and in Denmark datafrom the antimicrobial
resistance monitoring and research programme
(DANMAP) have shown adecreasein the occurrence of
VRE in broilers between 1995 and 2000 (3). A direct
comparison of VRE prevalenceresultsfrom different
studieswill obviously be hampered by differencesin
sampling scheme, samplesize, isolation proceduresand
sample materia used. The DANMAP surveillance
programmewas not designed specifically to detect VRE
in broilers, and the purpose of the programmeisto
monitor resistanceto arangeof different antimicrobial
substancesin bacterial isolatesrandomly collected from
Danish broiler flocks. The use of mediasupplemented
with vancomycin has been recommended for VRE
screening procedures (13) and several studieshave
shown that successful recovery of VRE from feca
samplesishighly dependent on theisol ation method
used (9;10;14).

Inthefirst study we aimed to investigate the
occurrenceof VRE in broiler flocksover timeafter the
avoparcin ban, and to compare VRE prevalencein
broiler flocksfrom rearing systemswith different history
of avoparcin use. In the second study we aimed to
investigatethe persistence of VRE inthebroiler house
environment, in the absence of the selective pressure
exerted by avoparcin, and to investigate the possible
transmission of V RE between consecutivebroiler flocks
by clonesof resistant bacteriasurviving inthebroiler
houses despite cleaning and disinfection.

MATERIALS AND METHODS

First study:
Broiler farms

Thirty-onebroiler houseson 24 farmswitha
recorded history of previoususe of avoparcinwere
included inthe study. Seventeen of thesefarms
employed conventional rearing and seven farms
employed extensiveindoor rearing. In order togain
knowledge of VRE prevalencein flocksfrom farmswith
no recorded history of use of avoparcin, organic broiler
flocksfrom 12 free-rangefarmswereincludedinthe

study.

Sampling procedure

Onehundred and forty broiler flocksfrom farms
previously exposed to avoparcin (86 conventional
broiler flocksand 54 extensive broiler flocks) and 22
organic broiler flocksfrom free-rangefarmswith no
history of avoparcin use were sampled between October
1998 and February 2001. In order to enable
investigation of theoccurrence of VRE over timeon
farms previously exposed to avoparcin, morebroiler
flocksfrom each broiler house were sampled during the
study period. The number of flocks sampled from each
house on conventional and extensivefarmsranged from
threeto seven. From each free-rangefarm onetothree
organic broiler flockswere sampled.

From each broiler flock tenbroilerswere sampled
individually. The sample size considerationswere based
on the assumption that the within flock preval ence of
V RE-positive birdsin positive flockswoul d be 50% or
higher. Samples consisted of cloacal swabstaken from
thebroilerson arrival at the abattoir.

Isolation of enterococci

Swabswereimmersed in 1 ml veal infusion broth
supplemented with 4 % new-born calf serum. The swabs
wereleft for 10 -15 mininthe broth. Subsequently, 10
ml of the broth from each swab were streaked directly
onto two Slanetz and Bartley agar plates (Oxoid), one
supplemented with vancomycin (50mi/ml) for selective
isolation of VRE (SBv), the other not containing
vancomycin (SB) to confirm growth of enterococci from
the samples. The plateswereincubated at 37°C for 48 h.

Second study:
Broiler houses and broiler flocks

Onthebasisof resultsfromthefirst study, four
broiler houses (A, B, C and D) known to have produced
V RE-positivebroiler flocksin previousrotations, and
one broiler house (E) known to have produced V RE-
negativebroiler flocksfor previousrotations, were
selected for sampling. Environmental sampleswere
takenintheboiler housesby streaking sterilecotton
swabsagainst the surface of thefloor, floor cracks, feed
bowls and water cups. Ten samples were obtained in
each broiler house. At thetime of sampling thebroiler
houseswere depopul ated, cleaned and disinfected.

Two broiler flocksfrom each of thefivebroiler
houses were sampled by taking cloacal swabsfromthe
broilersat thetimeof slaughter. Tenbroilersfrom each
flock were sampled individually.All samplesfrom
broiler flocks and environmental samplesfrom broiler
houseswere collected from July 1999 to December
1999. VRE-isolates obtained from abroiler house and
fromflocksreared inthe housewereregarded as
epidemiologically related.

Broiler feed and hatchery

In order to investigate possible routes of
introduction of VRE to broiler flocks and broiler houses,
100 sampleswere obtained at four sampling occasions
from theincubators at amajor Danish hatchery
supplying farm A, B and D. Each sample from the
hatchery consisted of approx. onegram of dust, litter
and eggshell. Furthermore, samplesof broiler feed were
obtained from thefeed stock onfarm A and B at thetime
of environmental sampling of the broiler houses.

Isolation of enterococci

Samplesfrom broiler flockswereprocessed asin
thefirst study. Inorder tofacilitateisolation of VRE
from environmental samplesfrom broiler housesand
samplesof broiler feed and hatchery samples, thesewere
incubated at 37° C over nightin Enterococcosel broth
(Becton Dickinson) before plating. The broth used for
feed and hatchery sampl eswas supplemented with
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vancomycin (20 mg/ ml). Subsequently, 10 ml of the
broth from each swab or samplewere streaked directly
onto SBv agar platesfor selectiveisolation of VRE, and
SB agar platesto confirm growth of enterococci from
the samples. The plateswereincubated at 37°C for 48 h.
Detailsonidentification of enterococci,
susceptibility testing, VanA PCR, Pulsed-fidd gel
electrophoresis (PFGE) and statistical analysismay be
foundinthefollowing publications: (11;12)

RESULTS AND DISCUSSION

First study:

By direct plating on SBv agar plates VRE were
isolated from 104 of 140 (74.3%) broiler flocksfrom
farms previously exposed to avoparcin (57 of 86
(66.3%) conventional broiler flocksand 47 of 54
(87.0%) extensiveindoor broiler flocks). From organic
broiler farmswith no history of previous use of
avoparcin VRE wereisolated from 2 of 22 (9.1%)
broiler flocks(Table 1). Selectiveisolation of VRE by
the use of media containing vancomycin (SBv agar
plates) substantially increased the sensitivity of VRE
detection. By the selectiveisolation procedure VRE
weredetected in 106 of 162 (65.4%) flocks, whereas by
thenon-selective procedure 17 of 162 (10.5%) flocks
wereV RE-positive. Thus, only 17 of 106 (16%) flocks
confirmed to be VRE-positive by selectiveisolation
were detected using the non-sel ective procedure. During
the study period more broiler flocksfrom each broiler
house were sampled in order to enable analysis of the
occurrence of VRE over time. Thiswasdoneusing a
poi sson regression model with the number of VRE
positive samplesfrom each flock asthe dependent
variable and time as the explanatory variable. Time was
not significant inthe regression analysis ( P=0.165), thus
no significant decreasein the proportion of VRE-
positive samples was observed during the study period.
The same conclusion was reached using abinary
outcome (V RE positive/VVRE negative) for each flock in
alogistic regression model withtime asexplanatory
variable(P=0.423).

In previous Danish studies based on datafrom the
DANMAP programme, adecline of VRE prevalencein
broiler flocks after theavoparcin banfrom 72.7%in
199510 5.8% in 2000 hasbeen reported (1;3;5).
However, theisolation procedure used with samples
frombroilersinthe DANMAP does not select for VRE
and only asingle swab samplefrom each broiler flock is
tested (3;4), whereasin the present study ten samples
from each flock were subjected to sel ectiveisol ation of
VRE. Thus, the difference of VRE prevalence may be
explained by theuse of different isolation procedures. In
the present study selectiveisolation of VRE by theuse
of mediacontaining vancomycin substantially increased
the sengitivity of VRE detection, and allowed amore
accurate determination of flock prevalence of VRE
compared to non-selectiveisolation (Table 1).

Assuming the differencesin VRE prevalence
observed in the DANMAP and in the present study may
be explained by the use of different i solation procedures,
thedecline of VRE prevalencein broiler flocksrecorded
in the DANMAP programme after the avoparcin ban
may reflect aquantitative reduction of VRE inthe
samples, while qualitatively the prevalence of VRE-
positive broiler flocks may have remained at ahigh
level. However, vdidinferencesconcerning a
quantitativereduction of VRE in broilersafter the
avoparcin ban should be based on quantitative
investigations.

The extensive occurrence of VRE in broiler flocks
reported in this study indicatesthat consumers may still
be exposed to VRE from poultry products despitethe
avoparcin ban, and the spread of vancomycin resistance
from broiler productsto humans should remain amatter
of concern. Further investigations of the epidemiology
of VRE and itsquantitative occurrencein broiler flocks
isneeded in order to evaluate the effect of the current
intervention.

Second study:

Theresultsof isolation of VRE from broiler flocks
and from thefloor and equipment in the houses are
givenin Table 2. A total of 69 vancomycin resistant E.
faeciumisolateswererecovered. All isolates originated
from different samples.

Table 1. Prevalence of vancomycin resistant enterococci (VRE) in 162 broiler flocks from farms previously

exposed and unexposed to avoparcin.

Direct plating on Slanetz and Bartley agar plates
containing vancomycin (SBv)

Direct plating on Slanetz and Bartley agar plates not
containing vancomycin (SB)

Avoparcin exposed
(conventional/extensive
broiler flocks)

Avoparcin unexposed
(organic broiler flocks)

Avoparcin exposed
(conventional/extensive
broiler flocks)

Avopar cin unexposed
(organic broiler flocks)

RE 104 2 17 0
Jsitive
RE 36 20 123 22
gative
otal 140 22 140 22
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Table?2. Isolation of VRE (E. faecium) frombroiler flocksat slaughter and fromenvironmental
samplesobtained in broiler housesafter depopulation, cleaning and disinfection of the houses.

» +* denotes successful isolation of VRE)
(,-* denotesnoVRE isolated)

Broiler Broiler flocks Floor Floor cracks Water cups Feed bowls
house

A + + + +

B + + +

C + + +

D + + +

E -

A total of 41 different PFGE-profileswere
observed. Interpretation of profilesusing thecriteria
proposed by Tenover et a. (17), resolved 34 PFGE-
types. Examplesof PFGE-profilesfrom broiler flocks
and broiler housesare shownin Figure 1.
Indistinguishableor highly similar PFGE-profileswere
observed among V RE-isolatesfrom consecutive broiler
flocksreared in the same house, and among V RE-
isolatesfrom broiler flocksand the housesin which they
werereared. |n contrast PFGE-profiles of
epidemiologically unrelated VV RE-i sol ates showed
extensive heterogeneity.

All hatchery samplesand samplesof broiler feed
were VRE-negative. Avoparcin was never used in the
parent stock, and the broiler feed was heat-treated at 81°
C prior to delivery (2). Thefindingsarein agreement
with theresults of aNorwegian study (8), inwhich 41
samplesfrom ahatchery and feed mill sampleswere
VRE-negative. Although the hatchery samples

investigated in the present study were not obtained at
hatching of the actual broiler flocks sampled for the
study, theresultsdid indicate that neither hatchery nor
broiler feed wasalikely source of VRE.

In conclusion thisstudy demonstrated the
persistence of VRE in broiler housesin the absence of
the selective pressure exerted by avoparcin, and the
presence of identical or closely related clonesof VREin
epidemiologically related broiler flocksand broiler
houses. Theresultsindicate that VRE may be
transmitted between consecutivebroiler flocksby clones
of VRE persisting inthebroiler

house environment despite cleaning and
disinfection. Thismay explainthe extensive occurrence
of VRE in broiler flocks after the avoparcin ban. The
resultsindicate that dissemination of vancomycin
resistance determinantsfrom poultry to humans should
not be disregarded despite the avoparcin ban.

Figurel. Examples of PFGE profiles

A B C D

House A; Lane1-2: VRE
from two consecutive broiler
flocks.

House B; Lane 3-4: VRE
from two consecutive broiler
flocks.

House C; Lane 5-9: VRE
from two consecutive broiler
flocks and from environmental
samples.

House D; Lane 10-11: VRE
from abroiler flock and an
environmental sample.
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6. Effects of the termination of antibiotic growth
promoters use on presence of resistance genes in
bacterial isolates from production animals
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Abstract

The genetic background for resistanceto several
growth promoterswasinvestigated by molecular
characterization of the genesand their location. This
characterization has documented that the same genes
encoderesistanceto both growth promotersand
therapeutic antimicrobia s used in humans. Thus, usage
of growth promotersinanimal swill select for resistance,
inanimals, to therapeutic drugs of public health
significance. Some classes of macrolideresistance genes
werefound only inasinglebacterial speciesindicating
that inter-speciestransfer of these classesof macrolide
resistance does not occur frequently. In Campylobacter
coli macrolideresistance was encoded by apoint
mutation, so macrolideresistancein campylobacteris
only spread to humans by the spread of bacteria. Co-
selection of structurally unrelated compoundswasfound
dueto physical linkage of resistance geneson mobile
DNA elements. Co-selection wasalsoindicated for
usage of, and resi stanceto, copper, macrolidesand
vancomycinin E. faeciumfrom pigs. Indistinguishable
bacterial strainsand resistance geneswerefound bothin
both animals and humansindicating that transfer of
resistance between the animal and human reservoir
occur. Inthe case of vancomycin resistanceinE.
faeciumgenetic characterization clearly indicated that
theroute of transmission for vancomycin resistancewas
from animalsto humans.

Introduction

Monitoring of antimicrobial resistanceisan
important tool in understanding occurrence, prevalence
and spread of antimicrobial resistance. By molecular
characterization of theresi stance genesand determina
tion of their position on the chromosome or on mobile
DNA elementsimportant additiona informationis
gained. Resistance genesmay encoderesistanceto more
than oneantimicrobial. Normally resistance genewill
encodesresistanceto structurally related compounds.
Thisiscalled cross-resistance. Examplesof thisarethat
thevanA genecluster encodesresistancetothe
glycopeptides avoparcin and vancomycin and the
erm(B) geneencodesresi stanceto themacrolides
erythromycinandtylosin.

Resistant bacteriaare sel ected by usage of
antimicrobial and acorrelation exists between usageand

prevalence of resistance under most circumstances. In
some cases resistance persistslong after usage hasbeen
terminated and no simple explanation exist for these
discrepancies. Since resi stance genes can be encoded by
plasmids and plasmids can contain several resistance
genes, usage of oneantimicrobial would select for
presence of the plasmid and hereby resistanceto al
compounds encoded by theresistance genes present on
the plasmid. Thisiscalled co-selection.

By knowing which genes are present, spread of not
only antimicrobial resistance but also spread of the
resistance genes can bemonitored. Resistance genescan
spread with theresistance bacteriait self (called vertical
spread of resistance) or by transfer to sensitive bacteria
either of same speciesor to new species(called
horizontal spread of resistance).

Inthework on characterization of genesencoding
resistanceto growth promoter focus hasbeen on
prevalence of genesencoding cross-resistance between
used growth promotersand antibiotics used for animal
and human therapy. We have investigated three such
cases. Thesearemacrolides, streptograminsand
glycopeptides (vancomycin). Result on genetic
characterization of resistance genesto these growth
promotersand possible co-selection of resistanceto
other therapeutic antimicrobial swill be presented here.
Theresults obtained will be used to discussthetransfer
of resistancefrom animalsto humansand the possible
impactson resistancein bacteriaof humanorigin.

Results

Macrolide resistance

Tylosin and erythromycin bel ongsto the macrolides.
Macrolideresi stance can be encoded either by resistance
genesor by point mutationsin theribosomal genes. The
erm-genesarethemost prevalent genesfor macrolide
resistance (15). Presence of these geneswasinvestigated
in macrolideresistant bacteriaof animal and human
origin. High prevalence of theer m-genesencoding
resistance both to tylosin and erythromycin wasfound.
Asexpected differenterm-geneswerefoundin
enterococci and staphylococci but the same geneswere
dominant in isolates from animal and human origin
(Tablel). Thisresultindicatesthat transfer of macro-
lide resistance between the animal and human reservoir
can occur. Both horizontal and vertical spread of
resistance could occur.
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High prevalence of macrolideresistance had been
detected in Campylobacter coli isolated from pigs(3).
None of the above mentioned geneswerefound. Instead
awell-described point mutation in theribosomal DNA
wasdetected (9). Thisresult documentsthat macrolide
resistance will not transfer from C. coli to sensitive
Campylobacter jejuni neither inanimalsnor humansand
that spread of macrolideresistancein campylobacter
only will bevertical.

Streptogramin resistance

Thestreptogramin virginiamycin hasfor severa
years been used for growth promotion in Europeandis
still used in United States. The streptogramin
quinopristin/dalfopristin waslicensed for human usage
in1999(14). Streptograminswerethought to bethe
successor for glycopeptidessincetreatment failures
using vancomycinwere starting to occur. Streptogramin
consi stsof two compounds, streptogramin A and
streptogramin B. Streptogramin A resistanceisencoded
by eithervat(D) or vat(E) in E. faeciumwhileE. faecalis
isnatural resistanceto streptogramins. Streptogramin B
resistanceisencoded by themacrolideresistance genes
erm(B) giving cross-resistance to macrolideand
lincosamide (15).

The genetic background for streptogramin resistance
was defined in streptogramin resistant E. faecium
isolatesof animal origin (12). Resultsare presentedin
Table2. Inmost isolates (73%)vat(D) or vat(E) genes
were linked to theer m(B) gene (6,11). InE. faeciumof
porcineorigin the genetic background for streptogramin
A could not beidentified in most isolates. |n most
isolatestheresi stance geneswere positioned inamobile
DNA element. The same genes and physical link have
been found in E. faeciumisolatesfrom humans(11)
indicating apossible horizontal transfer of themobile
DNA element. Sincethiselement containstheerm(B)
geneco-resistanceto macrolideexist.

Vancomycin resistance

The study of spread of vancomycin resistance has
been the key story in the banning of growth promotersin
Europe. Avoparcin and vancomycin belongsto the
glycopeptides. The glycopeptide avoparcin hasfor years
been used in Europefor growth promotion (1), whileno
avoparcin has been used in United States. Here high
prevalence of glycopeptideresistanceexistsamong
enterococci isolated from humans. That avoparcin
selectsfor vancomycin resistance has been shown (5).
Themost frequent identify resistance genein human
vancomycin resistant i solates has been thevanA gene
cluster (4).

Genetictyping by Pulse Field Gel Electrophoresis
(PFGE) of animal vancomycin resistant enterococci
(VRE) from Denmark showed that i solatesfrom poultry
were not related while porcineisolateswerevery clonal.
Thiscould be seen sincethe porcineisolateshad
identical PFGE patterns (2). Thisindicatesvertical
spread of vancomycin resi stance among porcineisol ates
whilehorizontal spread occurred among poultry isol ates.

Among the few human VRE an identical isolateto a
porcineclonewasfound (13). Sincethe person from
whom the VRE were isolated did not have any contact
with thefarm environment, thisindicatestransfer of
VRE viathefood chain.

The genetic background for glycopeptideresistance
was defined in glycopeptideresistant enterococci of
animal and human origin. All animal isolates contained
thevanAgenecluster (Tn1546) and only resistantE
faeciumisolateswerefoundinanimal (10). Since
vancomycin never has been used for animals, thisresult
provesthat usage of avoparcin as growth promoter has
selected for the sameresistance genes (vanA) asusage
of vancomycinfor human therapy. Furthermorethe
genetic characterization of thevanAgenecluster found
small genetic variations, that could be used for tracking
spread of resistance. Several genetic sub-typesof the
vanAwere defined and presence of these among isolates
of animal and human origin wasinvestigated. Results
arepresentedin Table 3 (10). Identical sub-typesof the
vanA genecluster werefound amongisol ates of animal
and human origin, indicating transfer of VRE between
the anima and human reservoir.

Different sub-types of thevanA genecluster were
found among isolatesfrom poultry and pigsrespectively,
while both the poultry and porcine sub-typeswere found
among human VRE isolates. A unique point mutation in
thevanA gene cluster separated the porcine and poultry
sub-types. Presence of this unique point mutation was
tested in non-related VRE isolatesfrom animalsand
humansfrom different countries. Resultsare presented
in Table4. Since amost equal number of the porcine
and poultry version were found among human isolates
and thesetwo version was only found in either poultry
or porcineisolatesthisclearly indicatestransfer of
vancomycin resistance from animalsto humans (8).

Higher prevaence of vancomycin resistant
enterococci was observed among isolatesfrom pigseven
after the ban of avoparcin. When theseisolateswere
investigated they all contained alarge plasmid of 175
kb. Present on this plasmid were both thevanA gene
cluster and theer m(B) gene. Thisphysical linking
explainswhy co-sel ection of vancomycin resistance by
the use of macrolides has been observed among porcine
isolates (Figure 2). Preval ence of vancomycin resistance
prevailed at approximately 20 % until the voluntarily
discontinuation of the usage of themacrolidetylosinin
1998. Further characterization of the 175 kb plasmid
reveal ed the presence of acopper resistancegenes. To
investigate possible co-selection of resistanceto
macrolides and vancomycin by copper the presence of
the copper resistance gene among resi stant isolate was
investigated. Resultsare presented in Table 5 (7).
Statistically significant indicationsfor co-selection were
found for both macrolide (erythromycin) and
vancomycin resistance among isolatesfrom pigs. Since
copper isused in high concentrationsin feed to pigs,
presence of thisconcentration of copper may also co-
select for both macrolide and vancomycin resistance.
Thisiscurrently being investigated.
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Discussion

I dentical resistance geneswerefound by
characterization of thegenesencoding for resistancein
bacteria of animal and human originfor all invested
antimicrobias. Thisclearly indicatesthat the animal and
human reservoirs are overlapping and that horizontal
transfer of resistance can occur between thetwo
reservoirs. Macrolideresistancewasin most isolates
encoded by aner m-gene, but specific genes predominate
inthedifferent bacterial species, indicating limited
transfer of macrolide resistance between bacterial
species. In C. coli resistance was encoded by apoint
mutation so macrolideresistancein campylobacter will
only spread vertically.

Inthestudy of vancomycin resistancemore genetic
variationswere found in thevanA gene cluster encoding
resistance and by characterization of especially one
variation clear indication for transfer of vancomycin
resistancefrom theanimal reservoir to humanswere
found.

Not only have genetic characterization indicated the
flow of resistance from animalsto humansbut have also
given some suggestionsto why resistance may persistin
the absence of aspecific selective pressure. When
looking at the preval ence of vancomycin resistance
among isolates of porcineorigin discrepancies between
usage and level s of resistance was discovered. High
levels of vancomycin resistance persisted until the use of
macrolides asgrowth promoterswasterminated. By
characterization of thevancomycin resistant isolatesa
large 175 kb plasmid was discovered. This plasmid not
only encoded resistanceto macrolide and vancomycin
but also to copper suggesting that also the use of copper
asafeed additivemight co-select for those resistance
determinants. Usage of macrolide hasuntil thebanin
1998 upheld resistance to vancomycin and the continued
usage of copper in animal feed may pose aselective
pressurein favor of VRE, however this needsto be
investigated further.
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porcineoriginfromDenmark. Usage of the antimicrobial growth promoter
avoparcinisshownintonnes.
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Table 1. Prevalence of theerm-genesamong bacteria of animal and human origin. * All numbersindicated are

in percentage.

Macrolide resistance genes in bacteria of animal and human origin

enterococci staphylococci

number erm(A)*  erm(B)* erm(C)* number erm(A)*  erm(B)*  erm(C)*

pigs 48 0 75 0
animals 16 6 0 75
poultry 157 2 87 0
20 5 0 95
humans 17 0 100 0
44 23 0 75

Table2. Sreptograminresistance genesinresistant E. faeciumof animal origin.* Three
isolates contained both vet(D) and va(E).

Streptogramin resistance genes in resistant E. faecium from animals

number number of strains with (%)
of isolates vat(D) vat(D)-erm(B) vat(E) vat(E)-erm(B) erm(B)
Pigs 23 0 2(9) 1(4) 1(4) 19(83)
Poultry 138 3(2) 8(6) 18(13) 106(77) 3(2)
Tota 161 3(2) 10(6) 19(12) 107(66)* 22(14)

Table 3. Genetic sub-types of thevanA gene cluster. Sub-typeswer e defined dueto variations.
Variationsfound wer e point mutationsand presence of | S-sequences

Genetic characterization of the vanA gene cluster i vancomycin resistant isolates
from animals and humans

Genetic sub-types of the vanA gene cluster

number of
isolates 1 2 3 4 5 6
Animals Pigs 8 8
Poultry 10 9
Humans 32 5 8 6 8 2 2
Total 50 14 16 6 8 2 2

Table4. Distribution of a unique point mutationin VRE
isolates of animal and human origin. Humanisol ates
wer e collected from Denmark, Norway, United
Kingdom, United Sates, The Netherlands, Germany,
Saudi Arabiaand France. Porcineisolateswerefrom
Denmark, Norway, Ger many, United Kingdomand
France. Poultry isolateswerefrom Denmark, Norway,
The Netherlands, Finland, United Kingdomand France
* Among the humanisolates 7 werefromNorwegian
poultry farmersand 5 from Saudi Arabia

Presence of a unigque point mutation
in VRE of animal and human origin

in percentage
T variant G variant
Human 35 64*
Pigs 97 3
Poultry 0 100
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Table5. Co-resistance of copper, macrolide and vancomycin amongE. faeciumisolates
of animal and human origin. Number sar e given as per centage of the number of isol ates

Enterococcus faecium isolates of animal and human origin

Macrolide Vancomycin
resistant sensitive resistant sensitive

Pigs Copper resistant 91 9 31 69
Copper sensitive 0 100 0 100

Broilers Copper resistant 50 50 30 70
Copper sensitive 58 2 0 100

Humans Copper resistant 3 67 0 100
Copper sensitive 46 54 0 100
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7. Effects of termination of antimicrobial growth
promoter use for broiler health and productivity
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D Danish Veterinary Institute, Bilowsvej 27, DK-1790 Copenhagen V, Denmark
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University, Grgnnegardsvej 8, DK-1870 Frederiksberg C, Denmark

Summary

On 15 February 1998, the Danish poultry industry
voluntarily decided to discontinuethe use of all
antimicrobial growth promoters(AGPs). Toinvestigate
how theremoval of AGPsinfluenced thebroiler
productivity and health in Denmark, datafrom 6,815
flocks collected from November 1995 to May 1999 by
the Danish Poultry Council were analysed. Thethree
flock parameterswere: kg broilersproduced per square
meter (per rotation), feed-conversionratio (total kg feed
used per rotation/total kg liveweight per rotation) and
total percent dead broilers((number of dead broilers
during therotation/number of broilersput inthe house
per ratation) x100). The analyses showed that kg
broilers produced per square meter and percent dead
broilersintotal werenot affected by thediscontinued
use of AGPs. However, thefeed-conversionratio
increased marginally by 0.016 kg/kg. A follow up onthe
same 3 flock parametersfrom June 1999 until June 2002
indicated that kg broilers produced per square meter
increased compared to the period before AGP
withdrawal. In the same period the feed conversionratio
decreased dlightly, while percent dead broilersin total
remained low or even aslight decrease has been the
result.

Introduction

The practice of adding antimicrobialsto broiler feed
in sub-therapeutic doseswasinitiated in Denmark inthe
beginning of the 1960’ s. Subsequently, antimicrobia
growth promoters (AGPs) have been used widely inthe
Danish poultry production sincethe beginning of the
1970's. AGPswereincluded in thefeed because of both
growth-promoting and antibacterial effects(especially
on Clostridium perfringens—an agent of necrotic
enteritis(Anonymous1997)).

Some of the antimicrobial agentsused for growth
promotion, e.g. avoparcin and virginiamycin belong to
the same classes of antimicrobialsused for human
therapy. Consequently, resistancetowardsthe AGPs may
result in resistance towards therapeutic drugs used for
humans, e.g. vancomycin and quinopristin/dalfopristin.
InMay 1995, the Danish Ministry of Food, Agriculture
and Fisheries banned the AGP avoparcin because E.

faeciumisolatesresistant to vancomycin and avoparcin
werefound commonly in faecesfrom pigsand poultry
(Aarestrup et al. 1996). Subsequently, avoparcin was
banned in EU in 1997. In January 1998, the AGP
virginiamycin a so was banned in Denmark because of
cross-resistance to quinopristin/dalfopristin (Wegener et
al. 1999). Along with the bans of thetwo AGPs,
consumerswereincreasingly concerned about the
presence of resistant bacteriain food products.
Accordingly, the Danish poultry industry investigated
the possibility of acompleteremoval of all AGPsfrom
poultry production. On 15 February 1998, the poultry
industry decided to discontinuetheuse of all AGPs
despite concernsthat theremoval would resultin
decreased productivity and increased morbidity and
mortality.

This presentation was based on data from the
productivity database established by the Danish Poultry
Council. Theaim wasto investigate how theremoval of
AGPsinfluenced broiler productivity and health. Based
on datafrom November 1995 to May 1999, we analysed
the effect of thediscontinued usage of AGPsonthe
flock parameters 1) kg broilers produced per square
meter, 2) feed-conversionratio and 3) percent dead
broilersintotal (mortality) (Emborgetal.2001). In
addition, the trend in the above mentioned flock
parametersfrom June 1999 until June 2002 was
evaluated.

Material and methods

The datawere extracted from a productivity data-
base administrated by the Danish Poultry Council. The
Danish Poultry Council compilesstatisticsfor each
broiler flock produced thereby providing the producers
with an overview of the production results of each flock
and an opportunity to comparetheir resultswith the
averageflock produced in Denmark at the sametime.
The database was established in the middle of the 1970's
and contains production data originating from different
sourcesintheindustry.

Productivity data from November 1995 to May
1999

Thefollowing flock informations were extracted
from the broiler productivity database and included in
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the analyses: farm-identification number, house-
identification number within farms, flock rotation
number within the house, the broiler breed, age of parent
stock hen, percent dead broilersthefirst week, percent
dead broilersintotal, feed supplier, percent wheat added
tothefeed, feed conversionratio, size of thebroiler
flock, stocking density, hatchery, date of hatching, date
of dlaughter, the average weight of abroiler at slaughter,
age of broilerswhen slaughtered, kg broilers produced
per square meter, percentage of condemned kg carcass.
In addition, we defined the period before and after
withdrawal of AGPs and 3 variablesto model the
seasond variation within year.

From November 1995 to early May 1999, 14,057
flockswere slaughtered in Denmark. Theseflockswere
produced by atotal of 343 farmsin 929 houses. Intotal
7,242 flockswere excluded from theanalysesmainly
because of missing datavalues and afew because of
erroneousvalues. Subsequently, atotal of 6,815 flocks
representing 237 farmsand 575 houseswereincluded in
theanalyses.

Thedatahad a strictly hierarchical structurewith a
3-level hierarchy: farm® houses® flocks. Houseswere
clustered within the samefarm and multiple
measurements of flock productivity from the samehouse
wereclustered over time. Datawere analysed using a
mixed model. Thisanalysisis capable of handling fixed
and random effectsinthesamemodel. Thecorrelation
structure AR(1) wasincluded to describe the repeated
measurement of flock productivity (SASInstitute Inc.
1996). Moredetailed information on dataand the
statistical analyses can be obtained from Emborgetal.
(2001).

Productivity data from June 1999 to June 2002
The Danish Poultry council made additional data
availablefrom the productivity database for thetime
period June 1999 to June 2002. Trendsinthe 3 flock
parameters 1) kg broilers produced per square meter, 2)
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feed-conversion ratio and 3) percent dead broilersin
total (mortality) were compared with theresultsof the
statistical analysesperformed for the period November
1995to May 1999. From June 1999 to June 2002,
13,368 flockswereslaughtered in Denmark. A total of
7,189 flockswere excluded because of missing values
leaving datafrom 6,179 flocksto be eval uated.

Results

Kilogram broilers produced per square meter

The mean monthly kg broilers produced per square
meter from November 1995 to June 2002 isshownin
Figure 1 (flocks are grouped within month according to
the day of hatching).

November 1995 to May 1999

The variable period before and after withdrawal of
AGP sdid not remain in the model meaning that no
difference was observed in kg broilers produced per
square meter before and after the AGP withdrawal.
Figure 1 showsaseasonal variationin kg broilers
produced per square meter with the lowest average
production registered from May to July. Thelower
production in the summer was most likely dueto a
reductionin stocking density during thewarm months,
because of thefear of high mortality dueto heat stress.
Thevariables percent dead broilersthefirst week,
stocking density and weight at slaughter had the largest
impact on kilogram broilers produced per square meter.
Theanalysisshowed that more dead broilersthefirst
week would decrease kg broilers produced per square
meter whileanincreasein either weight at slaughter or
inthe stocking density wouldincreasekilogram broilers
produced per square meter.

June 1999 to June 2002

Figure 1indicatesthat kg broilers produced per
square meter from June 1999 to June 2002 was higher
compared to the period beforewithdrawal of
antimicrobial growth promoters.

Figure 1 The mean monthly
kilogram broilers produced per
square meter from November
1995 to June 2002. Flocks are
grouped within month according
to the day of hatching.
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Feed conversion ratio

Themean monthly feed-conversion ratio fromNovem-
ber 1995 to June 2002 isshownin Figure 2 (flocksare
grouped within month according to the day of hatching).

November 1995 to May 1999
Theaveragefeed-conversion ratio wassignificantly
lower (0.016 kg/kg (P<0.001)) intheperiod beforethan
after theremoval of the AGPs. Theage of thebroilersat
thetime of slaughter had the largest impact onthefeed
conversion ratio and apositive estimateindicating that
withincreasing age, it takesmorefeed to produce one
kg of bird. In addition, the feed-conversion ratio
increased when condemned kg carcass or the percentage
of wheat added to thefeed increased.

June 1999 to June 2002

Anincreaseinthefeed conversion ratio was observed
after the AGP withdrawal . Datafrom June 1999 to June
2002 indicated that thisinitial increase wasfollowed by
adight decreaseinthefeed conversionratio.

\ AGP stop

Percent dead broilers in total (mortality)

The mean monthly percent dead broilersintotal
(mortality) from November 1995 to June 2002 isshown
in Figure 3 (theflocks are grouped within month
according to the day of hatching).

November 1995 to May 1999

The variable period before and after withdrawal of
AGP sdid not remain in the model meaning that percent
dead broilersintotal did not differ beforeand after the
AGP withdrawal. The variable percent dead broilersthe
first week had the largest impact on percent dead
broilersintotal. Asexpected, theresult of theanalysis
suggested that anincreasein percent dead broilersthe
first week will resultin anincreasein percent dead
broilersintotal. The model predicted that anincreasein
either age at thetime of slaughter or percent condemned
kg carcasswill increase the percentage of dead broilers
intotal.
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Figure 2 The mean monthly
feed conversion ratio and
the mean monthly percent
wheat added to the feed
from November 1995 to
June 2002. Flocks are
grouped within month
according to the day of
hatching.
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Figure 3 The mean monthly
percent dead broilersin total
from November 1995 to June
2002. Flocks are grouped within
month according to the day of
hatching.
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June 1999 to June 2002

Figure 3indicatesthat from June 1999 to June 2002
percent dead broilersin total remained low and even a
slight decrease seemto have occurred.

Discussion

November 1995 to May 1999

The variable period before and after withdrawal of
AGPsdid not remainin thetwo modelsfor kg broilers
produced per square meter and percent dead broilersin
total. Thisindicated that these two production variables
were not affected by the discontinued use of AGPs. The
resultsfrom the analysesarein agreement with
anecdotal evidence expressed by the producers, who did
not observe adecreasein the number of kg broilers
produced or increased mortality. But theseresultswere
unexpected to both the slaughterhouses and the
producers, who expected economic lossesdueto alower
productivity and especially anincreased mortality dueto
outbreaks of necrotic enteritisand chronic hepatitis.

During thefirst 2-3 months after the withdrawal of
AGPs, simultaneousincreaseswere observedin: kg
broilers produced per square meter, feed-conversion
ratio, percent wheat added to the feed and percent dead
broilersintota (Figure 1-3). Theseincreasescoincided
with agenera strikein Denmark where also the broiler
slaughterhouseswere affected. Dueto the strike, the
producerswereforced to keep thebroiler flocksfor a
longer period than expected before they could send them
to daughter. Our analyses showed that an increasein the
ageor theweight of the broilerswould increase kg
broilers produced per square meter, feed conversion
ratio and percent dead broilersin total. The wheat
content of thefeedisincreased with the age of the
broilers. If the producersareforced to keep thebroiler
flockslonger than planned, the average percentages
wheat included in the feed during the rotation are
increased. Therefore, theincreasesinthe 4 parameters
observed immediately after thewithdrawal of AGPswas
most likely caused by the general strike and not by the
AGPstop (Figure 1-3).

Improvementsin breeding, feed and management
inthe study period are expected to haveinfluenced the
outcomevariablesin our analyses. However, the effect
of thesefactorson theflock parametersstudied could
not be accounted for intheanalysis.

Thefeed-conversion ratioincreased by 0.016 kg/
kgimmediately after thewithdrawal of AGPs (Figure2).
Thisincreaseinfeed conversion ratiowasmost likely
associated with thewithdrawal of the AGPs. With an
average price of 155 DKr pr 100 kg broiler feed, an
increase of 16 gram feed per kg broiler correspond to an
additional expense of 0.025 DK per kg broiler
produced. The estimated average pricefor AGPswere
0.027 DKr per kg broiler. Thereforethe additional
expensesto extrafeed did not exceed the expensesto
AGPs. According to three major Danish feed suppliers,
other feed changeswereintroduced to optimisethefeed
simultaneously with theremoval of AGPs. However,

thesereported feed changeswere not uniform assome
reported changeswerein the feed composition, e.g.
changes of the content of protein, synthetic amino acids
and/or fat and someincluded probiotics.

In Denmark, it iscommon practiceto mix wheat in
the compound feed. Our analysisindicatesthat this
practiseincreased thefeed-conversionratio. Feedtrials
donein Denmark showed that a 1% increase in wheat
content increased thefeed-conversion ratio with 0.0022
kg per kg broiler (Petersen 1999). Our model predicted
asimilar increaseinthefeed conversionratio. During
the study period, the percentage wheat included in the
feed tended toincrease dlightly (<1%). Theincreasewas
observed from the beginning of 1997 and on-ward
(Figure 2). Theslight increasein the percentage of
wheat mixed in the feed would most likely have
contributed to anincreasein the feed-conversionratio,
but it could not explain theimmediateincrease observed
after thewithdrawal of AGPs. Because whest ischeap
compared to compound feed, itisstill profitableto
includewheat in spite of anincreased feed-conversion
ratio (Petersen1999).

The analysis showed that an increase in stocking
density would increase kg broilers produced per square
meter. Thesefindingsarein accordancewith production
figuresreported by Shanawany (1988) and Elwinger
(1995) who found that profit increased when stocking
density increased.

The analysis showed no increasein percent dead
broilersintotal and except for afew extranecratic
enteritisoutbreaksveterinariansand producersreported
no additional increasein morbidity. The amount of
antimicrobialsusedtotreat diseasein broilersat the
time of AGP withdrawal isnot known. Figuresfrom the
VetStat programme showed that in 2001, 161 kg
antimicrobial (56,764 animal standard dosages) were
usedtotreat diseasein 140 million broilers. The use of
coccidiostatsin Danish broiler production might be part
of the explanation why no decreasein productivity and
health was observed after the AGP withdrawal.

June 1999 to June 2002

There have been specul ations about the long-term
effect of withdrawing AGPs. Oneof the concernswereif
the negative effectswould slowly build-up and then
becomevisibleat alater point intime. An evaluation of
thetrendsinthe 3 flock parameters 1) kg broilers
produced per square meter, 2) feed-conversionratio and
3) percent dead broilersintotal (mortality) upto>4
years after the AGP withdrawad did not identify negative
effects, and could therefore not support these concerns.
In contrast, kg broilers produced per square meter seem
to haveincreased compared to the period before AGP
withdrawal . After aminor increase (<1%) inthefeed
conversion ratioimmediately after the AGPwithdrawal,
dataup to June 2002 indi cates that the feed conversion
ratio decreased while percent dead broilersin total
remained low or even decreased slightly after the AGP
withdrawal.
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8. Effects of termination of AGP-use on pig welfare

and productivity

Jes Callesen,
The National Committee for Pig Production,
Denmark

Summary

Together with thefeedstuff industry, the National
Committeefor Pig Productioninitiated avoluntary ban
on antibiotic growth promotersto finishers (weighing
morethan 35 kg) in the spring of 1998. Thismorethan
halved the use of antibiotic growth promotersfor pigsby
1999. Experiencescollected in 62 finisher herds showed
that the mgjority of the herds (63%) did not experience
any problems such asreduced growth or increased
frequency of diarrhoea. 26% of the herdsexperienced
temporary problems, while 11% experienced permanent
problems. Theresult of thisisconfirmed by statements
of the national average of the efficiency controls(E-
control), where the development in daily gain and
mortality wasnot particularly affected by theremoval of
growth promoters.

Theapplication of antibiotic growth promotersfor
weaners (and al other livestock productionin Denmark)
ceased as of January 2000. Thisreduced the application
of antibioticsasgrowth promotersto zero. Sincethen,
the use of antibioticsfor therapeutic treatment has
increased, which reflectstheincreasing problemswith
diarrhoeaseenin theweaner period (7-30kg). The
conseguences are a so reflected in the statements of the
national average of the E-controls, where daily gain has

decreased and mortality hasincreased sincetheremoval
of growth promotersfrom weaner feed.

Overall, theremoval of antibiotic growth promoters
has only had asignificantly negative effect on
production and health in the weaner period (7-30 kg).

Introduction to Danish pig production

Annually, 13,500 pig producersproduce22.5
million pigsin Denmark (=1.8 milliontonnesof pork),
and of these approx. 1.6 million are used for live export.
Morethan 95% of al pig slaughteringsin Denmark are
made at thetwo farmer-owned co-operative
slaughterhouses (Danish Crown and Tican). 80-85% of
the pork are exported primarily to the EU, Japan and the
USA. Theremaining 15-20% are sold in the domestic
market —making atotal value of €4.3 billion. Table 1
presentsthe main key figuresfrom Danish pig
production.

The Danish pig producers delivering pigsfor
slaughter to one of the co-operative slaughterhouses pay
alevy of approx. €1.90 per pig. The money is managed
by the DANISH BACON & MEAT COUNCIL, and is
spent on research and devel opment (The National
Committeefor Pig Production, NCPP), marketing,
information etc.

Table 1. The average production level in Denmark (April 2001 - April 2002)

Sows:

Sows/herd 246
Weaned pigd/litter 105
Dead before weaning, % 13.2
Weaners (7-30 kg):

Age at weaning, days 29.9
Weight at weaning, kg 7.3
Dead after weaning, % 35
Daily gain, g 415
Age at 30 kg, days 855
Finishers (30-100):

Produced pigs/herd, pcs. 3,290
Daily gain, g 824
Kg feed/kg gain * 2.70
Average lean meat % 60.2
Dead and rejected, % 3.6

* with 13.2 MIME/kg
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Chain of eventsin Denmark

On January 1, 2000 antibiotic growth promoters
(AGPs) wereremoved from animal productionin
Denmark. Thereason for removing the antibiotic growth
promotersfrom thefeed wasto minimizethe
consumption of antibiotics so that they areonly used for
therapeutic purposes. The chain of eventsleading up this
decision is seen below:

1995 National ban on avoparcin.

1995 Voluntary agreement between
NCPP and the feedstuff industry
to minimize the use of AGPs.

Jan. 1998 National ban on virginiamycine.

Mar. 1998 Voluntary agreement not to use
AGPsfor pigs >35 kg (finishers).
Control and penalty systems
introduced.

Sep. 1998 National tax on AGPs.

Oct. 1998 NCPP announces action plan to
phase out AGPs for weaners by
January 1, 2000.

Jul. 1999 EU ban: tylosine, bacitracine,
spiramycine & virginiamycine.

Sep. 1999 EU ban: olaguindox & carbadox

Jan. 2000 Voluntary agreement not to use
AGPsfor pig <35 kg (weaners).
Control and penalty systems
introduced.

Consequences

- Finishers:

NCPP collected experiencesfrom 62 Danish
finisher herdsinthe period after they stopped using
APGs. The mgjority (63%) of the herdsdid not
experience problemssuch asreduced daily gain or
increased frequency of treatmentsfor diarrhoeawhen
AGPswereremoved from thefeed. 26% of the herds
experienced atemporary decreaseinthedaily gain,
while 11% experienced permanent problems, probably
dueto theremoval of AGPsfromthefeed. Thusthe
removal of AGPsfrom thefeed hasbeenfairly
unproblematicin the herds participating in this study.

Theresult fromthe study is confirmed by statements
of the national average of the production efficiency
controls. The developmentsin daily gain and mortality
reveal no significant changesinthe 1998 statement (the
first year without growth promotersfor finishers)
compared with the previousyear (cf. table 2). It is,
however, remarkablethat theincreasein daily gain
(from 1997/98 to 1998/99) apparently wasnot quite as
high asin the previous years, and mortality was
margindly higher.

Table 2. National average for production efficiency control —finishers
With growth promoters No growth promoters

April —April 1995 1996 1997 1998 1999 2000 2001

- 1996 - 1997 - 1998 -1999 - 2000 - 2001 - 2002
Daily gain 744 762 778 786 798 817 824
(annual - (+180) [(+16q) |(+8q) (+129) (+190)  (+79)
increase)
Mortality 3.0 3.2 32 34 3.6 34 35
See graphsin figure 1 below.
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Figure 1. National average for production efficiency control —finishers. (Seedataintable 2)
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- Weaners:

Theuse of APGsfor weaners ceased completely as
of January 1, 2000. However, many pigs (approx. 50%)
werefed without APGsalready from mid-1999. Table 3
presentsthe developmentsin daily gain and mortality.
Thetableillustratesthe decreasein daily gain (20 g) and
acorresponding increaseinthepigs ageat 30 kg. Post-
weaning mortality hasalsoincreased (0.7% units) inthe
1999 statement compared to 1998.

Thus, theremoval of AGPsfrom feed for weaners
has had significantly negative consequencesintheform
of reduced gain and higher mortality.

The effect on the consumption of
medicine

Denmark has some of the world’ s strictest
legislation on medicine. Thisisone of thereasonswhy
Denmark only uses approx. 1% of the EU consumption
of medicinefor pigseven though we produce 10% of the
pigsinthe EU.

A changeinlegislationin 1995 prohibited vetsfrom
profiting on salesof medicine. Thisresulted inahalving
of the consumption of medicinein pig productionfrom
90tonnesin 1994 to 48 tonnesin 1996.

Changes were made in nutrition and management in
order to fight theincreasein outbreaksof diarrhoeaafter
removing AGPsfrom thefeed. Neverthel ess, many herds

find it necessary to apply medicine for treatment of
diarrhoeain weaners and young stock. Figure 3 below
illustratestheinfluence of thison the present
consumption of antibiotics.

Whilethe consumption of AGPshasdecreased from
107 tonnesin 1997 to 0 tonnes 2001, the consumption
of antibiotics—primarily macrolidesand tetracyclines—
for treatment of diseaseshasincreased from 56 tonnesin
1997 to 98tonnesin 2001. Overall, the consumption of
antibiotics was nearly halved in five years, but both
politiciansand consumers put great attention to the
increasing use of medicine.

Dueto theincreased focus on the consumption of
medicineand devel opment in resistance, great effortsin
both herds and on the research and development areaare
put into improving management and nutrition so that the
problems may be reduced without using AGPsor
increase the usage of medicine.

Conclusion

Theremoval of antibiotic growth promotersfrom
thefeed in Denmark has only had significant
consequencesfor theweaner production (7-30kg) inthe
form of increased mortality and reduced gain. These
consequences are also reflected inthefact that the
consumption of therapeutic antibiaotics hasincreased.

Table 3. National average for production efficiency control —weaners
With AGP Reduced AGP | No AGP

April 1995 1996 1997 1998 1999 2000 2001

- April -1996 |(-1997 |-1998 -1999 - 2000 -2001 - 2002

Daily gain 422 420 419 427 407 411 415
(-209) (t49) |(+49

Mortality 2.7 2.8 29 29 3.6 35 35
(+0.7) (-0.1) 0

Ageat30kg |[826 82.6 82.8 82.9 85.3 85.5 85.5
(+24) (+0.2) (0)

See graphsin figure 2 below.
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Figure2. National average for production efficiency control —weaners. (Seedataintable 3)
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Figure 3. Consumption of antibiotics (therapeutic and AGP) inanimal productionin Denmark
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9. Surveillance experiences from DANMAP and

VetStat

- usage of antimicrobials in animals

Flemming Bager, Vibeke Frgkjeer Jensen and Erik Jacobsen,

Danish Zoonosis Centre,
Danish Veterinary Institute

Abstract

For many years, in Denmark accessto
antimicrobial s for therapy hasbeen comparatively
restrictive. Thismeansthat over the counter (OTC) sales
of antimicrobialsfor systemic therapy are not
permit-ted. Thisappliesto antimicrobialsfor usein
humansaswell asin animals. Antimicrobialsare
avai-lable only through pharmacies (which must be
licensed), irrespec-tive of whether it isfor use by an
animal owner or for usein veterinary practice.

Consequently, thedistribution pyramidissimpleand
transparent and lendsitself to inexpensiveand reliable
monitoring of veterinary medicinal usage.

Dataisavailable on veterinary antimicrobia usage
since 1986. For theyears 1986 to 1994, sal es statistics
have been collated bi-annually by the Danish Pharmacy
Association and from 1996 to 2001 by the Danish
Medical Agency. In both cases, usagein amount of
active ingredient was available, how-ever, usagein
individual target animal speciescould only be
‘guesstimated’ . Since 2001, VetStat has provided
prescription-based monitoring of usageinindividual
farms, including information about target animal
species, age group of animal, reason for prescribing and
other variables.

Dataon usage of antimicrobial growth promoters
and coccidiostats has been collected by the Danish Plant
Directorate since 1990. The datahaveincluded informa-
tion on theamount of activeingredient, but not routinely
on target animal specieswhich may, however, in some
cases be estimated.

Since 1996 the DANM AP reports have published
annual statisticsand analyses of usage of anti-microbial
therapeutics, antimicrobial growth promotersand
coccidiostats.

Analysisof the data showsthat total usage of
therapeutics hasvaried very considerably, between highs
of 90 and 94 tons of active compound in 1994 and 2001,
respec-tively, and alow of 48 tonsin 1996. The change
in usage between 1994 and 1996 was not associated
with any apparent change in animal health or with
changesin use of antimicrobia growth promoters. The
discontinued use of antimicrobial growth promotershas
resulted inasignificant decreasein total amount of
anti-micro-bia sused. There seemsto be no straight-
forward association between the amounts used for
therapy and for growth promotion.

Introduction

In Denmark, accessto antimicrobialsfortherapyis
comparatively restrictive. Thismeansthat over the
counter (OTC) salesof antimicrobialsfor systemic
therapy are not permit-ted. Thisappliesto antimicrobias
for useinhumansaswell asin animals. Antimicrobials
are—with one exception only —available only on
prescription through pharmacies (currently 283in
number, which must belicensed), irrespec-tive of
whether it isfor use by an animal owner or for usein
veterinary practice. The exceptionisantimicrobialsthat
have specia approval for usein feed medication. Such
anti-micro-bialsmay be obtained by feed millsholding
the appropriatelicensedirectly from medical
whole-salersor importers, however, themillswill only
sell medicated feed to afarmer on the basis of awritten
order, issued by aveterinarian.

In other words, thereisno saledirectly from
pharmaceutical wholesalersor importersto
veterinarians. Thedistribution pyramidissimpleand
transparent and lendsitself to inexpensiveand reliable
monitoring of veterinary medicinal usage.

In 1995 thelegal basisfor saleof prescription
medicinesto farmerswas changed. The supply of
medicinal stocksto afarm for morethan 5 day’ suse
now required the signing of a standard contract by a
farmer and hisveterinary practitioner for animal health
advisory service. These contracts stipulate monthly
visits by the veterinarian, on the basis of which drugsto
treat specific herd health problems during thefollowing
35-day period can be sold or prescribed. Withinthis
framework, the decision about when to treat aswell as
the extent of treatment is made by thefarmer. In
practise, however, thefarmer will also use medicines
supplied under the agreement to treat sporadic cases of
acuteillness, even when they are not part of the herd
diagnosis made by the veterinarian.

Collection of usage data

Therapeutics. Prior to marketing, all veterinary
medicines must given aproduct code, issued by the
Danish Medical Agency. Thecodeisauniqueidentifier
which designatesthetype, formulation, and strength of
the drug and the size of the pack, in addition to other
information.
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In 1994, veterinary antimicrobial usage datawere
collated retrospectively by the Danish Pharmacy
Association (DPA) at bi-annual intervalsfrom 1986
onwards. They were based on reports by all Danish
pharmacies of the number of items sold for each product
code. In 1996, the Danish Medical Agency (DMA)
started collating veterinary usage statistics. In contrast to
datafromthe DPA, theofficial statisticswere based on
annual returns by importers and manufacturers of
veterinary medi-cines of the number of itemssold for
each product code and represents salesto
pharmaceutical whole-salers, rather than salestothe
end-user. In both cases - asmost of the veterinary
anti-micro-bialshave multi-speciesclaims- information
about usage in individual animal specieswas not
available.

During 2000, the V etStat usage monitoring pro-
gramme was launched. In addition to the identity and
quantity of medicinesold, theprogrammerecordsthe
target animal species, the age group and the disease
category aswell astheidentity of thefarmwherethe
animalsarelocated and theidentity of the prescriber.
Theinformation isextracted automatically during
el ectronic processing of prescrip-tionsat the pharmacy
and reported to theregister at monthly intervals.
Veterinariansinlargeanimal practisearerequiredto
providethe sametype of information relating to their
usage of prescription medicinesin production animals.
Input into VetStat isshownin Figure 1.

Feed millswith alicense to manufacture and sell
medi cated feed arerequired to report the salesto
VetStat, providing theinformation about farm identity
and target speciesasfor other therapeutics.

AsVetStat recordsinformation about target animal
speciesand agegroup it ispossibleto report usagein
termsof animal daily dosages(ADD), permitting
comparison of usage of antimicrobialsof unequal
potency. Farmersaremainly prescribed medicines
following amonthly visit by aveteri-narian to treat
specific herd health problemsthat wereidentified. While
thereislittleuncertainty that \V etStat records correctly
thefarm wherethe medicinewill be used, the farmer
may use some of the medicinesto treat sporadic cases of
disease not diagnosed by the veterinarian at hisvisit.
Therefore, information in VetStat about age group,
disease category and possibly animal speciesmay be
associated with someinaccuracy.

Thanks fo [, Wenngt

Figurel. Dataflowinto VetStat

By law, all treatments of mastitisin dairy cattle have
tobeinitiated by aveterinarian. Therefore, in cattle
virtually all antimicrobialsare either used by the
veterinarian personally, or sold by theveterinarianto the
farmer for completion of acourse of treatment. Informa-
tioninVetStat about farm ID and target animals species
of thispart of usage becamereliable only during 2002.

Feed additives. Usage of feed additives
(antimicrobial growth promotersand coccidiostats) has
been monitored by the Danish Plant Directorate between
1990 and 2001. Datapre-1990 are not available. The
basi s has been 6-monthly returnsby feed manufacturers
licensed to produce premixes containing the EU
approved additives. The statistics have represented the
guantitiesof active compound sold. Assomeof the
additives have multi-species claims, information about
useinindividual animal species has not been available
onaroutinebasis. Sales of feed contai ning coccidiostats
or growth promotersisnow monitored through VetStat.

Distribution of usage by animal species

With theimplementation of VetStat, dataonthe
distribution of usage by animal speciesbecame available
from 2001. Table 1 showsdistribution by main animal
species, excluding cattle, according to information
received from pharmaciesand feed mills. Asmost
antimicrobialsin cattleare used by the veterinarian
personally —or sold by the veterinarian for completion
of atreatment course as described above —cattle usage
isincluded under the heading ‘Usein practise’,
representing pharmacy salesto veterinary practices.
Only 1.6 % of total antimicrobial usageissold directly
from pharmacy to cattle farmerson the basis of
veterinary prescriptions.

Medicated feed isused amost exclusively in pigs
(1763 kgsin 2001) and in aquaculture (2883 kgs). Less
than 1 kg active compound (of a macrolide) was used in
poultry and nonein other species.

For each record:
FarmD

Animal specles
Age group

Date

Frescriber 1D
Drug 1D

Errug guartity
Disease category

Medicated feed (5 %) gl

= Coccidiostats
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Trends in usage

Table 2 shows usage of therapeutics by
antimicrobial group and Figure 2 the overall trendsin all
antimicrobial usagein animals. Examination of Table 2
showsthat the use of sulfonamides (mainly
sulfadimidine usagein pigs) declined markedly between
1988 and 1990, following the discovery that it was
recirculated inthe pens, leading to violation of residue
levels. The declinein sulfonamide usage was not
entirely reflected in overall usage, asusage of
tetracyclineincreased by 160% during the same period.
Thefollowing 4-year period saw aremarkableincrease
intheusageof oral tetracyclines, whereas, by
comparison, therewaslittle changein usage of other
antibiotic groups. Thesignificant declineinthegroup
‘Others’ in Table 2 from 1986 to 1988 was caused by the
banning in 1987 of dimetridazole, whichwasusedin
significant amountsin pig production.

Asisapparent from Figure 2, total usage declined
by almost 50% between 1994 and 1996. Thiswasa
result of legidlative changesimplemented in 1995 with
no apparent relation to changesin the health of the
nationa pig herd. Following this, we saw aslow
increasein usage until 1999, when therate of increase
accelerated, thistime driven again by higher usage of
tetracyclinesaswell asmacro--lidesand lincosamides
(mainly theformer). Aswill beclear from Figure 3, the
increased useinrecent yearshasmainly beenin
compoundsused for water or feed medication.

In contrast, usage of antimicrobial growth promoters
hasbeen lessvariable (Figure 2). Only antimicrobials
approved by the EU for use as feed additives (mainly
tylosin, avoparcin, olaquindox and bacitracin) have been
used for growth promotion (see DANMAP 2000 for
further details). Usagefor growth promotionincreased
at thetimethat use of therapeuticswent upin the early
90’ sand was almost unaffected by thereductionin
therapeutic usefrom 1994 to 96. Usage of antimicrobial
growth promotersfell drastically in 1998 with the
industry decision to discontinueusein broilersandin
pigsover 30 kg and in 1999 when use in weaner pigs
was phased out during the second half of that year. This
had little effect on the quantities of antimicrobial used
for therapy — usage of therapeutics, however, went up in
2000 and 2001.

Table1. Distribution of antimicrobial usage by animal
speciesin 2001. Distributionisbased oninformation
frompharmaciesand feed mills (for medicated feed).
Thequantitiessoldfor useinpracticeisusedmainlyin
cattle. Data: VetStat.

Kg % of total
Pigs 71,247 74
Poultry 329 0,3
Aquaculture 3,056 3
Companion animals 455 05
Production animals, species not given 3,360 3
Usein practice 15,253 16
Other species 2,536 3
Total 96,235 100

Discussion and conclusion

Reliabl e statistics on usage of antimicrobial
therapeutics have been collected since 1986 and on
antimicrobial growth promoterssince 1990. Usage of
antimicrobialsfor therapy hasvaried considerably from
year to year, without any apparent relation to changesin
the health status of the national pig herd. Thereisaso
no apparent rel ationshi p between amounts of
antimicrobialsused for therapy and for growth promo-
tion. Comparing total usage of antimicrobialsin 1994
(theyear beforethefirst intervention against growth
promoters) with total usagein 2000 (thefirst year
without growth promoters) has seen areduction from
205 tonnesto 80.7 tonnes or 60.6%.

Okholm et a. (Danish Veterinary Journal, 2003, in
press) studied usage of antimicrobial therapeuticsin 96
Danish pig herds. Among anumber of risk factorsfor
high usage was, paradoxi-cally, being a high hedth herd
(Specific Pathogen Free herd, relativerisk=2.9). Given
that in pig herdsthe decision to treat is made by the
farmer and may be based on lessthan rigid diagnostic
criteria, and the fact that usage patternsin pigs have
significant impact on overall usage, thismay explainthe
variation over timein usage of therapeutics, and also the
absence of apparent association between usage and
maj or, widespread health problemsin the Danish pig
production.

Table 2. Usage of veterinary therapeutics by antimicrobial group. Data: DANMAP 2000

Compound 1986 1988 1990 1992 1994 1996 1998 2000

Tetracyclines 3,800 3,600 9,300 22,000 36,500 12,900 12,100 24,000
Penicillins 3,700 3,800 5,000 6,700 9,400 7,200 14,300 15,100
Semisyn. pen. etc. 850 1,000 1,200 2,500 4,400 5,800 6,700 7,300
Sulfonamides + trimethoprim a) 2,500 2,200 3,800 7,900 9,500 4,800 7,700 7,000
Sulfonamides 22,300 24,200 8,700 5,900 5,600 2,100 1,000 1,000
Macrolides + lincosamides b) 10,100 9,300 10,900 12,900 11,400 7,600 7,100 15,600
Aminoglycosides 7,800 7,400 7,700 8,500 8,600 7,100 7,800 10,400
Others a) 13,800 6,900 6,700 6,800 4,400 600 650 300
Total 64,800 58,400 53,400 73,200 89,900 48,000 57,300 80,700

a) Does not include consumption in aguaculture

b) The macrolides include: spiramycin, tylosin, lincomycin and tiamulin
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10. Consequences of termination of AGP use for pig
health and usage of antimicrobials for therapy and

prophylaxis

Per Bundgaard Larsen,
Danish Veterinary Institute

Abstract

Thispaper reportsthe completion of aresearch
project conducted by the Danish Veterinary Institutein
theyears 1998 — 2000. The purpose wasto investigate
theconsequencesof termination of AGPusageon
animal welfare, drug usage, production/productivity data
and antimicrobial resistance at alarge number of farms.
Thedatacollection procedures and data material are
described and the treatment-indi cation incidencesand
incidences of antimicrobial usage, standardised to
Animal Daily Dosage, among post-weaning pigsare
presented. A notabl e conseguence of theterminated
usageisamarked increasein diarrhoea-treatment
incidences and concurrent increasein the usageindices
for antibiotic preparationscommonly used for diarrhoea
treatment. Among weaner pigs, theseincidencesremain
at thisnew high level oneyear after the terminated usage
of AGP's, whereasthe situation among grower-/finisher
pigsreturnsto thelevel beforetheterminated usage.

Introduction

Antimicrobiasareused infood animal production
to ensure ahealthy production economy and animal
welfare. Unfortunately, the consumption canlead to
development of resistant bacteria. Thisfact constitutesa
matter of concern, becauseit may contributeto
antimicrobial resistance problemsin both human and
veterinary medicine. Thisconcern hasbeen the offset for
research projectsinto resistance development in
conjunction with growth promoting low-dosage
administrations of the same compoundswewould liketo
keep effective, when used in therapeutically dosage
regimesto fight infectionsin humans. The produced
evidence was enough to lead the EU countriesto aban
of several antimicrobial compoundsfor growth-
promoting purposes. |n Denmark the pork industry
voluntarily offered to abandon the use of growth
promoting antimicrobials (AGP’s) infeed to slaughter
pigs, 1998 and in weanersfeed by the end of the year
1999.

Theaim of aresearch project at the Danish
Veterinary Ingtitute (DV1) wastoinvestigate the
consequences of ceased use of AGP’ son animal welfare,
drug usage, production/productivity dataand
antimicrobial resistance at alarge number of farms. The
project consisted of two parts, across-sectional study
including al farms and alongitudinal study, involving

only alimited number of farms, where groupsof pigs
were sampled frequently for antimicrobial resistance
testing. Theresultsfrom thelongitudinal study are
reported by another group of researchers, and will not be
dealt with at this symposium. The outcome of the
antimicrobial resistanceinvestigationinthecross-
sectional study is presented in another contributionto
this symposium by Hakan Vigre, fromthe DVI. Current
paper describesthe consequenceson animal welfareand
consumption of antimicrobialsfor therapeutic usagein
the herds participating in the cross-sectional study.

Materials and methods

The collection of sufficient and valid dataover a
prolonged period of timewascrucial to the success of
the project. It was decided to work with a selected set of
farms appointed by a sel ected set of vet practices. The
course of any random sel ection procedure was thought
toend upinanequally or otherwise selected material
duefailureby farmersor veterinariansto accomodate
the high demands set for the datamaterial .

Sixteen specialized swine practitionerswere
selected and asked to proposein all 150 farrow-to-
finisher farm-unitsfor project participation. The
veterinarianswere selected on the basis of former
research participation, personal acquaintanceand
geographic distribution of practicearea. Their criteria
for selection of the farm-unitswerethorough written
recording of treatmentsand production-/productivity
dataand present or recent usage of AGPin weaners
feed.

The vet-practitionerswere paid their expenses and
time consumption inthe herds. They wereoffered a
preset sum for participating and asum per farm they
enlistedintheproject. Thefarmerswere offered
opportunity to submit samples/carcassesfor further
diagnosisand resistancetesting free of chargewithina
preset but somewhat negotiabl e limit.

A written questionnaire of 42-questionswas
forwarded to the farm-veterinarian a ong with amanual
€laborating on the interpretation of and background for
some of the questionsthat could be subjected to mis-
interpretation. The purpose of the questionnairewasto
record farmdata on management and feeding with an
emphasison AGP-usage. A draft questionnairewas
tested by researchersand farm veterinariansin acouple
of herds. Thisto ensurethe comprehensibility of

Working Papers 51



Beyond Antimicrobial Growth Promoters in Food Animal Production

52

guestionsand in order to produce aquestionnaire
manual to the veterinarian. The pre-test resulted in only
minor revisions of the questionnaire. In general thefarm
vet would administer the questionnaire and forward it to
the Danish Veterinary I nstitute. Onevet practices
preferred to leave the questionnaireto befilled out by
thefarmer himself and afew questionnaireswere
undertaken by theresearchers.

Included in the questionnaire was a statement the
farmer could signinorder to alow free accessfor
researchersto contact hislocal consultant officeto
obtain production dataand the feedmillsto obtain exact
information of the composition of thefeed. The Danish
Bacon and Meat Council, National Committeefor Pig
Production produced thelarger part of productivity/
production dataof thefarms.

The pig producerswere asked to record all
antimicrobial treatmentsintheherd early year 1999
until September 1’ st, year 2000. Pleaserefer toTable 1-
3for farmer recordingsper treatment.

Age group
Adults
Suckling piglets
Weaners
Growers
Finishers
Tablel. Agegroups

Indication for drug usage

Diarrhoea

Respiratory disorder

Arthritis

MMA

Vaginal discharge after service

CNS disturbances

Skin disorders

Tale biting

Runting (unthriving)

Other

Table2. Indicationfor drug usage

Additional information

Trade name of drug preparation
Date of usage

Number of animals treated

Total amount of drug used

Initial usage/consecutive usage
Table3. Additional information per usage

Theroute of administration and concentration of the
drug preparation were often obvious, given the
commercia name, but had to be verified by phonein
someinstances. Prefabricated recording-schemeswere
forwarded to the vet-practicesfor photocopying and
distribution among farmers. A number of farmers
preferred to usetheir own recording schemes. Thiswas
accepted aslong astherewere no discrepanciesin
recording detail between the standard schemeand the
farmersownforms. Throughtheir vetsthefarmerswere
instructed to record the usage of antimicrobialsbut a
majority found it easier to instruct their employeesto
report all drug usageincluding eg. oxytocinto sows. A
minority started out enthusiastically recording all
vaccinations aswell, but they soon gave up on this
initiative.

Themedicinerecording schemeswere collected at
thefarmsby the vetsat their regulary monthly visitsand
forwarded to the DVI. A relational database application
was established on an Oracle®-platform and the data
were entered into the application by a secretary and by
vet students under close supervision by the author.
Whenever theformscould be subjected tomis-
interpretation the vet or the farmer was contacted by
phone.

Since some degree of unintentional underreporting
by the farmers on their drug usage was expected, a
second point of datacollection, thevet practice, was
established. At each regular visit the farmer and his
veterinarian are obliged to perform written account of
the drug usage in crude amounts of given drug
preparationsto specific age groupssincelast visit. On
thisbasisnew prescriptionsareissued, unused drugsare
taken back or re-prescribed. These account formswhere
collected along with all written prescriptionsoneyear
before and one year after theindividua farms stopped
using AGPinweanersfeed. Additional collected written
information included treatment regime-hand outsand
visit reports. Thedatafrom the periodic account forms
were also entered into the Oracle® application.

Calculations of treatment incidence
Thefarmer-recorded treatmentswere used when
cal culating treatment i ncidences. The frequencies of
different indicationsfor treatmentswithin weanersand
grower/finishers, respectively, weremeasured asthe
number of treatmentsaday per number of animals at
risk aday —thetreatment-incidence. The unit treatment
indications per pig month waspreferred for this
presentation, one pig month being 30 pig days. The date-
specificindicationsfor treatment incidencewere
summarised over 30-days periodsfor each farm, where
the 30-daysperiodswererelated to the date were the
farm stopped administering AGP sin weanersfeed. If a
farm had no recorded treatments during a particular 30-
days period, thiswas assumed to be aresult of missing
recordings, and the farm was not included when
calculating the average treatment-incidenceinthefarms
of that particular 30-daysperiod.
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Calculation of antibiotic group-specific usage
incidence

Themonthly account-formswere used when
calculating antibiotic usageincidences. Tobeableto
comparetheamountsof used antibioticsfrom different
generic groups, the amount of drugswere standardised
to dosesusing the principle of Defined Daily Dose
(DDD) in human medicine. For any drug formulation an
Animal Daily Dosage (ADD) was defined asthe average
daily dose as recommended by the drug company used
for the mgjor indication in weanerswith astandard
weight of 15 kilograms (kg), and in growing/finishing
pigs with a standard weight of 50 kg. It can be
interpreted asthe antibiotic usage-intensity withinthe
agegroup. If afarm had no recordings of antibiotic usage
it wasexcluded from the calcul ations at that particul ar
30 day period.

Thedenominators used in theincidence-cal culations
werethe number of weanersand grower/finishers
housed, as stated in the questionnaire by the farmer.

Results
For this presentation of the study, it was decided to
present datafrom 120 farms.

Profile of farms in this subset of study

The combined number of giltsand sows at thefarms
ranged between 34 and 725 (1% quartile: 127; median:
195; 3" quartile 288). The number of weanersranged
between 75 and 2500 (1% quartile: 420; median: 700; 3
quartile 1262) and the number of growers/finishers
ranged from 45 to 4145 (1% quartile: 410; median 700;
3 quartile 1190). It should be mentioned, that some
farmsdidn’t raise all weaners, but sold off quite afew.

The date where AGP’ s no longer wasfound in
rationsto weanersand growers/finishers (AGP-Stop)
could be determined within arange of 14 days. The
farmersinformation from the questionnaireswas
validated through tel ephoneinterviews with the staff at
thefeedmills. For weanersthisdate ranged from the July
1'st, 1996 to February 25'th, 2000. 25% of thefarms
stopped using AGP before March 31 st, 1999, 50% of
thefarmsbefore August 1’ st, 1999 and 75% of thefarms
beforethe September 1’ st, 1999.

For grower/finishing pigsthe AGP-Stop-date ranged
from July 1’ st, 1994 to September 1’ st, 1999. 50% of the
farms stopped using AGP before January 1'st, 1997 and
75% beforeMarch 1’ st, 1998.

Farmersregistrationsof indicationsfor antibiotic
usage

Thefarmersregistrationsof indicationsfor
treatmentsare displayedinFigure LandFigure 2. A
marked increasein treatment incidence of diarrhoea
among weaners after ceased use of AGPisobvious. The
incidenceremainshigh ayear after the AGP-stop
consistent with reportsfrom farmersand veterinarians of
severedifficulties controlling post weaning diarrhoea
and later theinfection withLawsonia intracellularisin
thegrower pigs. Thetreatment incidence of diarrhoea

among grower/finisher pigslikewise hasmarked
increase after AGP stop but seemsto reach itshighest
level after 6 monthsand returntothelevel beforethe
AGP stop after ayear. Thisreturn to normal could
indicate better control of Lawsoniainfection at the
farms.

Asmentioned earlier the dosageincidencesare
presented on the basis of another dataset than the
treatment incidences. Neverthel ess, sincethereisdirect
coherence between treatment and the usage of
antibiotics, the ADD incidenceasimilar coursesis
expected and found within en the two age groups. When
observing the distribution between the different
antibiotic compounds, theincreasein the usage of
macrolides (mainly tylosin) to weanersisremarkable. It
might indicate asubstitution of therapeutic prescribed
tylosin over growth promoting tylosin.
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Treatments of weaners
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Figure 1. The relationship between the average
freguency of indicationsfor treatmentsamong weaners
per pig-month at risk and months beforeand after the
ceased usage of AGP inthefeed to weaners. At thetop
islisted the number of farmscontributing data per
month marker.
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Figure 3. The relationship between the average ADD
consumptiontoweanersper pigmonthatriskriskand
the monthly timeinterval fromthe ceased usage of AGP
inthefeed to weaners. The ADD hasbeen cal culated
using the manufacturersrecommended dosageand if
givenasaninterval, the mean dosage. At thetopis
listed the number of far mscontributing data per month
marker
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Figure 2. The relationship between the average
frequency of indicationsfor treatmentsamong grower/
finishersper pig-month at risk and the monthsbefore
and after ceased usage of AGP inthefeed toweaners.
At thetopislisted thenumber of farmscontributing
dataper monthmarker.
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grower-ffinisher pigs

:-.l B M o " W RO DT N0 U N R W T R B D

gh=urmth i

il

B sy =
= am ‘“.—uﬁ o —
 nal e e R R S TR S o
: B8 1EpmmBe=ArBREE N R
E e >
4 whatad ] ATE e

- SR e

OGS e [ Caphmimcee

D rls o ooy

Figure 4. The relationship between the average ADD
consumption to grower-/finisher pigsper pig month at
risk and themonthly timeinterval fromthe ceased
usage of AGP inthefeed to weaners. The ADD hasbeen
cal cul ated using the manufacturer srecommended
dosageandif given asaninterval, the mean dosage. At
thetopislisted the number of farms contributing data
per month marker
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Discussion

The study group of veterinarians and farmswere
highly selected in order to obtain valid dataover a
prolonged period of time. Neverthel ess, the somewhat
lacking tradition of systematicrecording of disease,
treatments, occurrencesetc. inthe herds, isobvious.
Although mandatory, the recording of antimicrobial
usage are not used for a purpose and therefore not given
special attention, a‘ catch22’ situation. Themeresize
and complexity of the datasetsyieldsthough, agood
basi sfor epidemiological analyses of the effectsof
terminating AGP usagein Denmark and solid ‘ basdline' -
knowledge of treatment patternsat pig farms.

Giventheincreaseinthetreatment incidencesisa
consequence of more cases of disease and not altogether
precautionary measures, thefindingsare consistent with
reportsfrom farmersand veterinarians of severe, lasting
problemswith containment of diarrhoeain the post
weaning period. The datamaterial would though benefit
from correctionsfor seasonal variationsin connection
with clustering of AGP termination date. A range of
other contributing factorsto thediarrhoeaincidencein
the post weaning pigs can be thought of. Theseincludes
reduced supplementsof zinc oxide, increased litter size,
low pork pricesetc. and should be taken into account
before concluding on the consequences of the ban.

A ban of AGP usage should not be implemented
overnight, but notice should be given way in advancein
order for thefarmersand their consultantsto adjust the
production meansand facilities. Anincreaseinthe
amountsof therapeutic usage seemsinevitable based on
theexperiencesintheNordic countries. Guidelinesfor
prudent therapeutic and prophylactic usage of antibiotics
should be readily available and reliable.
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11. Consequences of termination of AGP use for
broiler health and usage of antimicrobials for therapy

and prophylaxis

Niels Tornge
Danpo A/S
Denmark

Summary

For al broilershatched after 15 February 1998 the
Danish broiler industry adopted a voluntary ban on the
useof antibiotic growth promoters(AGP).

Inthefirst year without AGP Danpo slaughtered
about 48 million broilersfrom about 1700 flocks.
During this period necrotic enteritis (NE) was diagnosed
in 25 flocks compared with 1-2 flocksonly, when
growth promoterswere used. A total of about 24 kg
amoxillin (active compound) was used to treat the
outbreaks. Alternatively, without thevoluntary stop, the
Danpo flocks would have used approximately 1.500 kg
active compound of antimicrobialsfor growth promo-
tion.

For some months after the AGP-stop the growth rate
seemed reduced, and the average mortality and condem-
nation ratesincreased in general in the Danish broiler
production. After somemonthsthe averageweight
began to increase, and mortality and condemnations
became like before. There has been no marked changein
the health statusin the Danish broilersin thelast 4 years,
and anincreasein the use of therapeutic antibioticshas
not been found. Thetotal consumption of antibioticshas
been reduced to some per cent of, what was used before
thestop.

Without doubt thegreat efficiency inthe Danish
broiler production, the high hygienelevel and veterinary
status have been important key pointsin the success.

From an animal welfare, antibiotic politically and
economically point of view it seemsfor thecoming
yearsonly possibleto produce broilersin Denmark, if it
will still beallowed to useionophoresinthecoccidiosis
(and necroticenteritis) prophylaxis.

Introduction

Morethan 130 million broilersare producedin
Denmark every year. A typical Danish broiler houseis
about 1800 m? - central heated and well insulated.
Feeding, temperature, humidity and light are
automatically controlled. The“all inall out system” is
used, and the houses are cleaned and disinfected
thoroughly between every crop. A strong biosecurity
system - tightened to make almost all flocks salmonella-
free- helpsto avoid infectionsfrom the surroundings.
Thefarmersarewell educated and are continuously
forced to optimizethe production to be ableto compete
and survivein the broiler production.

For all broilershatched after 15 February 1998 the
Danish broiler industry adopted a voluntary ban on the
useof antibiotic growth promoters (AGP). Beforethat
Danpo A/S, who slaughters and processes about 40 % of
the Danish broilers, had done sometrials and found that
the consequences of an AGP-stop inthebroiler feed
seemed to beahigher feed conversion ratio, aminor
growth ratereduction and afew mild attacks of necrotic
enteritis(NE).

To compensate, the flockslower productivity, when
the AGPwasremoved from the feed, the payment per
Kilogram live weight had arise of 0,07 Danish kroner.
Furthermore Danpo formed afund of 1 mill. Kroner,
from which the Danpo-producers could get an
economical compensation for theloses after NE.

Meetingswerearranged, where producersweretold
about symptoms and pathological signsof NE. To every
broiler farm was sent aletter with thisinformation plus
addresses of pharmacies, where the veterinarian could
order appropriate medicine day and night.

Results

During thefirst year without AGP Danpo
slaughtered about 48 mill broilersfrom about 1700
flocks. During this period NE was diagnosed in 25
flocks compared with 1-2 flocks only, when growth
promoterswere used. A total of about 24 kg amoxillin
(active compound) was used to treat the outbreaks.
Alternatively, without the voluntary stop, the Danpo
flocks would have used approximately 1.500 kg active
compound of antimicrobialsfor growth promotion,
assuming ameaninclusion ratein thefeed of 10 ppm.
Therewas paid lessthan 150.000 Kr in compensations
for birds died or condemned as aconsequence of NE
andfor veterinary expenses.

In Danpo we are quite sure we have been informed
of at least the great majority, if not all of the NE cases
by our broiler producersbecause of theinformation
given and the possihility of economical compensation
from the fund mentioned.

Among veterinariansin the broiler production it was
feared that the clostridialevel at somefarmscrop after
crop should build up leading to outbreaks of NE or at
least to ahigher rate of liver condemnation. This hasnot
been seen till now and sub clinical NE as described in
some countries have had very little or no importance.

In general, inthe spring and early summer 1998 the
health statusin the Danish broiler flockswas not quite as
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good asin themonths before. Asseeninthefigures
with data from the productivity database administrated
by the Danish Poultry Council the mortality and con-
demnationrateincreased slightly and the slaughter
weight wasas earlier mentioned also reduced in some
months. Thereason for thiswas obviously not only the
exclusion of AGPinthefeed. Inthat period avian
leucosiswas diagnosed in some parent flocks, and all
broiler flockswere during onerotation vaccinated with
an inter medium Gumboro disease vaccine, whichin
Denmark often reducesthe growth rate and thelitter
quality.

Some monthsafter theintroduction of thevoluntary
ban the growth curve started to increase again, and this
trend has continued during the past 4 years, aswell as
the mortality has decreased dlightly and condemnation
rates have fluctuated with afalling tendency.

Asknownitisonly allowed to use antibioticsfor
therapy in broiler flocksin Denmark, when a
veterinarian has made adiagnoses before he ordersthe
medicine. Therefore prophylactic use of antibioticsis
illegal.

It isthe general opinion among veterinarians
working with poultry in Denmark that there has been no
increasein the ordination of therapeutic antibiotics
during thelast morethan 42 years after thetermination
of AGPuseinthebroiler production. Vetstat under
Danish Zoonosis Centre hassince 1 January 2001
registered the consumption of therapeutic antibioticsin
animalsin Denmark inclusivein poultry for meat
production (broilers, turkeys, gees, ducksand game
birds). The use of active compound of penicillin with
extended spectrum, which represent about 90% of the
consumption in thisgroup of poultry, and whichisthe
drug of choicefor NE, was 145 kg in 2001 and 82 kgin
thefirst 6 month of 2002. Thisindicatesthat there has
not been amarked increaseinthetreatment of broilers
with antibioticssincethe AGP-stop.

For many yearsthe Danish broiler producershave
learned thelesson to useionophoresin thefeed during at
least thefirst 18 — 20 daysof the chickenslifeto prevent
NE. After the ban of AGP theionophores have been the
only - but effective- NE prophylaxisin broiler feed.
Experimentswith coccidiosisvaccinesin Denmark and
in other countries have unfortunately shown severe
attacks of NE, when ionophores have been replaced by
vaccinesin the coccidiosi sprophylaxis.

Conclusion

Inthe Danish broiler productionit has been possible
to terminate the use of AGP without marked
consequencesfor the health and consumption of
antibioticsfor therapy. The number of flockswith acute
NE and/or chronic hepatitis has becamealittle higher,
than before the ban. For some monthsthe growth rate
seemed depressed and the average mortality and con-
demnation increased.

Thetotal consumption of antimicrobialsin Danish
broiler flocks has been reduced to some per cent of the
use before the ban.

Without doubt the great efficiency, the high hygiene
level and veterinary status have been important key
pointsin thesuccess.

From an animal welfare, an antibiotic political and a
financial point of view it seemsonly possibleinthe
coming yearsto produce broilersin Denmark, if it will
still be allowed to useionophoresinthe coccidiosis (and
necrotic enteritis) prophylaxis.
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12. Sector and Economy Wide Effects of Terminating
the Use of Antimicrobial Growth Promoters in

Denmark?

Lars-Bo Jacobsen and Hans G. Jensen
Danish Research Institute of Food Economics
Agricultural Policy Research Division

Abstract

In Denmark the poultry industry and the National
Committeefor Pig Production, together with thefeedstuff
industry, decided to voluntarily discontinue use of all
Anti-microbia Growth Promoters(AGP). Thepoultry
industry discontinued the use of AGP 15 February 1998
and thepigindustry followed 1 March 1998 (for pigs
over 35kg) and 1 January 2000 (for pigsunder 35kg). To
evaluate the effects of the discontinuance, datafrom
both the poultry and pig industrieswere collected during
atransition period for theremoval of AGPfrom
feedstuffs.

Utilizing these production data, this paper cal culates
economy-wide effectsof theremoval of AGPusingthe
Agriculturd Applied Generd Equilibrium (AAGE) model
of the Danish economy.

Theresults show that thelong-term effectsarea
moderate declinein the production and export of pig
meat, and apositiveindirect effect on other industries
including poultry dueto lower rental ratesfor primary
factor inputs (land, labour and capital). Production of pig
meat is projected to decline by 1.4%, and exports by
1.7%. Inthe case of poultry, production and exports
increaseby 0.4 and 0.5%. Theoverall implicationisa
small declineinreal GDPof 0.03% (363 mill DKK a 1995
prices), and aconsumption decline of 0.03% - equivalent
to 45 DKK per capitaper year.

Although the costintermsof real GDPand
consumption are small, such cost analyses could be
compared with expected benefit of theremova of AGP.
These benefits have not been a part of thisanaysis, but
only if they are cal cul ated or assumed to exceed the
costscould AGPremoval besaidto bebeneficial to
society asawhole.

Introduction

In Denmark the poultry industry and the National
Committeefor Pig Production, together with the
feedstuff industry, decided to voluntarily discontinue
useof al Anti-microbial Growth Promoters(AGP). The
poultry industry discontinued the use of AGP 15
February 1998 and the pig industry followed 1 March
1998 (for pigsover 35kg) and 1 January 2000 (for pigs
under 35kg).

To evaluate the effects of the discontinuance, data
from both the poultry and pig industrieswere collected
during atransition period for theremoval of AGPfrom
feedstuffs. The objectiveof thispaper isto utilizethese
production datato cal cul ate the economy-wide effects
of theremoval of AGP, using an applied general
equilibrium of the Danish economy.

Production data

The Danish Poultry Council investigated how the
removal of AGPinfluenced broiler productivity in
Denmark by analysing datafrom 6815 flocksduring the
period November 1995 to July 1999. It wasfound that
broiler weight produced per square meter and percent-
age deaths were not affected but that the feed con-
versionratioincreased marginally (by about 1 %)
(Emborg et al. 20018). The National Committeefor Pig
Production hasrecorded, for many years, productivity
datain arepresentative sample of Danish pig herds.
Withdrawal of AGPswas found to have had no, or very
limited, effect on finishersand growers. Inthe

! Note: thisreferenceisarevised 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 recal culated and some of the text was revised.

Table 1. Productivity reductionsand cost per produced pigincurred by removing AGP

DKK per pig produced

Excess mortality 0.6% 425 DKK/pig (20 kg) 255
Excess feeding days 1.6 days 1.10 DKK/day 1.75
Increased medication 25500 kg value 53 mio. DKK 2.25
Increased workload 30 sec./pig 145 DKK/hour 1.20
Tota cost 7.75

Source: Estimates made by Finn K. Udesen from the National Committee for Pigs
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Table 2. Estimated total cost increasefor 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.. 7.75 581 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

production of weaned pigs there were increased
problems with post-weaning diarrhoea, areduction in
daily weight gain and increased post-weaning mortality
(Callesen. 2000).Finn K Udesen from the National
Committee for Pigs, has estimated that these
productivity losesincurred by removing AGP in the
production of pigshascost roughly 7.75 DDK per
produced pig c.f. Table 1.

In Table 2 it can be seen that the total cost of pig
keeping increases by roughly 1.0 % dueto the
abolishment of AGP when theincreased cost of
production (DKK 7.75 per produced pig) iscompared to
thetotal cost of pig keeping per sow in Denmark.

Dueto the fact that theincreased cost of production
are best estimates made by Udesen, two sensitivity
analyses are al so undertaken where the cost of product
isincreased/decreased by 25 %.

Inthe case of poultry, thefeed-conversionratio
increased by 0.016kg feed/kg broiler after theremoval of
AGP. In economic termsthisamountsto 0.025 DKK/kg
broiler using an averagefeed price of 1.55 DKK/kg. It
has been estimate that the cost of adding AGPto broiler
feedsisroughly 0.027 DKK/kgbroiler whereforethe
total cost of producing broilersin Denmark isnot
assumed to be affected by the AGP removal (Emborget.
al. 2001b).

Inthefollowing the cal culated percentageincreases
incostsof producing pigs(1.05 %) and poultry (0.0 %)
areused to cal culate the economy wide effects of
removing AGPfrom feedstuffsin Denmark.

Model and scenario

There arefivetypesof agentsinthe AAGE
(Agricultura Applied Genera Equilibrium) model:
industries; capital creators; households; governments
and foreigners. The current database of the model
identifies 68 industries producing 76 commodities(see
appendix A). For each industry thereis an associated
capital creator. The capital creatorseach produce units
of capital that are specific to the associated industry.
Thereisasingle representative household and asingle
government sector. Finally, thereareforeigners, whose
behaviour issummarised by export demand functionsfor
Danish products, and by supply functions for importsto
Denmark.

The nature of markets and prices

AAGE determines supplies and demands of
commoditiesthrough the optimising behaviour of agents
in competitive markets. Optimising behaviour aso

determinesindustries’ demandsfor labour and capital.

Theassumption of competitivemarketsimplies
equality between the producer price and the marginal
cost in each industry. Demand is assumed to equal
supply inal marketsother than thelabour market (where
excess supply conditions can hold). The government
intervenesin markets by imposing salestaxeson
commodities. This placeswedges between the prices
paid by purchasers and prices received by the
producers. Themaodel recognises margin commodities
(e.g. retail trade and freight) that arerequired for each
market transaction (the movement of acommaodity from
the producer to the purchaser). The costs of the margins
areincluded in purchasers’ prices.

Demand for inputs to be used in the production
of commodities

AAGE recognisestwo broad categories of inputs:
intermediateinputsand primary factors. Firmsin each
industry are assumed to choose the mix of inputs, which
minimisesthe costsof productionfor their level of
output. They are constrained in their choice of inputs by
nested production technol ogies (see appendix B). For
theland-using industries (see appendix A), AAGE
specifies nested substitutions between:

(8) capital, labour, energy and herbicides (CLEH);

(b)land, fertiliser and insecticides (LFl);

(¢ CLEHandLF (CLEHLFI); and

(d)CLEHLFI and an aggregate of remaining
intermediateinputs

For non-land using industries substitution is
allowed between capital, labour and energy (CLE) and
between CL E and aggregate non-energy intermediate
inputs.

Household demand

The representative household buys bundles of
goodsto maximiseautility function subject toa
household expenditure constraint. Bundlesare
combinations of imported and domestic goods.

Demand for inputs to capital creation and the
determination of investment

Capital creatorsfor each industry combineinputsto
form units of capital. In choosing these inputsthey
mi nimi se costs, subject to technol ogiessimilar to that
used for current production; the only differencebeing
that they do not use primary factors. The use of primary
factorsin capital creation isrecognised through inputs
of the construction commaodity.

Working Papers



Beyond Antimicrobial Growth Promoters in Food Animal Production

60

Government demand for commaodities

The government demands commodities. In AAGE,
there are several ways of handling these demands,
including: (i) endogenously, by arule such asmoving
government expenditures with household consumption
expenditure or with domestic absorption; (ii)
endogenously, as an instrument which variesto
accommodate an exogenously determined target such as
arequired level of government deficit; and (iii)
exogenoudly. In this paper government demand changes
follow household consumption expenditures.

Foreign demand (international exports)

Two categoriesof exportsare defined: traditional,
which arethe main exported commodities; and non-
traditional. Traditional export commoditiesface
individual downward-doping foreign demand curves.
The commodity composition of aggregate non-
traditional exportsistreated asal eontief aggregate.
Total demand isrelated to the average priceviaasingle
downward-dloping foreign demand curve. Contrary to
many conventional agricultural products, all organic
productsare assumed to betraditional export
commodities.

Demand for foreign imports

For all industries, AAGE includesthe standard
Armington specification for imported and domestically
produced inputs. This assumes that users of a given
commodity regard the domestic and theimported
varieties of thiscommodity asimperfect substitutes. The
Armington assumption is aso used in input demands for
industry investment and in household demands for
consumption.

Computing solutions for AAGE

AAGE isasystem of non-linear equations. Itis
solved using GEMPACK, asuite of programsfor
implementing and solving economic models. A linear,
differential version of the AAGE equation systemis
specifiedin syntax similar to ordinary algebra.
GEMPACK then solvesthe system of non-linear
equations as an Initial Vaue problem, using a standard
method, such as Euler or midpoint. For detailsof the
algorithmsavailablein GEMPACK, seeHarrison and
Pearson (1996).

Scenarios and expected results

A baselineis constructed to introduce all ongoing
policy developments and known shocks to the economy
so asto ensure that the policy scenario isundertakenin
an economy where al known developments and shocks
are accounted for, with the exception of removing AGP.
The Basdlinetakesthe economy from themodel’ sinitial
year (1995) to 2010, and the effects of removal of AGP
areevaluatedintheyear 2010.

We construct the AGP scenarios as achangein the
total factor productivity (TFP). Thisisbecausethe
model hasno explicit treatment of AGPs. Weusethe

calculated percentageincreasesin production costs
(from Table 2) to reduce the TFP so that the unit cost of
productionincreases by 1.05 % for pig production.

Two sensitivity analyses are also undertaken where
the cost per produced pig isincreased/decreased by 25
%.cf. table 2.

Expected results from the analysis

Theremoval of AGPincreasesthe unit cost of pig
production. A higher unit cost requires a higher product
priceif profitsareto remain unchanged. Y et ahigher
product priceinviteslower demand. A declineindem-
and/production rel easesresourcesfrom the pig sector,
which can then be used in other sectors of the economy.
Theincreased supply of resourcesto other sectorsin
the economy lowersthe price and required rent of these
resources. A reductionin therequired rental ratestends
to favour those industries that are not affected by the
removal of AGPs. Astheproduction of pigsonly
accountsfor aminor fraction of total national
production, the effectson therest of the economy are
expected to be moderate. The expected negative impact
on pig productionisexpected to lower the demand for
cereal for feed purposes, exerting downward pressure on
cereal prices. Inturn, thisisexpected to benefit the
cattle and poultry sectorsthat use cerealsin thisway.
This should result in increased poultry production and a
higher value of dairy quota (asthe cattle sector is
effectively constrained by the quota).

Results

Thissection presentsresultsfor production, exports
and the macroeconomic performance of the calculated
AGP scenario. The presentation focuses on the results
for the primary agricultural and associated processing
sectors®,

Production and exports

The production of live and processed pigsfalls by
1.4%, cf. Table 3. Thiseffectisduetothe AGPremova
working asan increasein unit cost, which inthe longer
run requireshigher product prices, lowering demand for
the product. Theincreasein unit cost also affectsthe
export possibilitiesfor processed pig meat, which
declinesby 1.7 %. A largepart of cereal productionis
used for feed purposes, and the reduced production of
pigsalso causes cereal production to declineby -0.1 %.

Even though the Baseline is not a subject of this
paper it worth noting that the production of pigsis
expected to grow by 30.5% from 1995to 2010 (Jacobsen
2001), but the removal of AGPwill reducethisgrowthto
28.7%.

The reduction in the production and processing of
pigsleadsto alower demand for labour and new capital
goodsintheseindustries, resultingin aminor reduction
inthewage rate and the price of new capital goods, cf.

1 A more thorough presentation of the
Baseline scenario can be found in Jacobsen (2001).
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Table 3. Consequences of an AGP removal, 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, live animals -1.4
Poultry and eggs 0.4
Fur farming 0.1
Horticulture 0.1 0.1
Manure -0.6
Processing:
Cattle meat 0.0 0.1
Pig meat -14 -1.7
Poultry meat 0.4 0.5
Dairy 0.0 0.1
Sugar refineries 0.0 0.1
Other (selected):
Processed fruit and vegetables 0.0 0.1
Bread, grain mill and cakes 0.0 0.1
Bakery shops 0.0 0.0
Beverage and Tobacco 0.0 0.1
Agricultura services, forestry and
fisheries 0.0 0.1
Textile, wood, paper and publishing 0.0 0.1
Basic chemicals 0.1 0.1
Construction incl. Supply 0.0 0.1
Metals products 0.1 0.1
Public services and utilities 0.0 0.1
Retail and wholesale margins 0.0 0.1
Private services 0.0 0.1

Table 4. This effect favours other industries not
affected by the removal of the AGP s since lower
factor prices reduce unit costs causing production and
exportstoincrease for these industries. Lower factor
prices and lower price of cereals benefits poultry
production, which is seen to increase by 0.4 % while
the processing of poultry meatsincreases by 0.4 % and
export volume increases by 0.5 %.

Macroeconomic results

The macroeconomic consequencesof AGPremoval
aremoderate. Real GDPfallsby 0.03% or 363 mill DKK
at 1995 prices. Thisisthe net result of thereduced
production of pigs and cereals on the one hand, and the
increased productionin most other industriesdueto
lower rental ratesfor primary factor inputs on the other
hand.

Lower rental ratesalso affect real privateand public
consumptiont falling by -0.03 %. Thiscorrespondsto a
lower real value of private consumption of 45 DKK per

capitaper year.

1 The two consumption categories are equalised in the so-
called model closure.

The resulting reallocation of primary factor inputs
resultsin an economic statewhereall factor input area
littlelessproductiveinthe aggregate. All factorsof
production receivelower rental ratesand the aggregate
capital stock has somewhat declined, reflecting an
economic state where production potential has
decreased dlightly.

Abolishing the use of AGP' salso leadsto adightly
lower (-1.37 %) price of agricultura land. Themechanism
for thisisthereduced demand for fodder reducing
profitability inthe cereal ssector.

Sensitivity analysis

The results of the sensitivity analysis show that
changesto pig production, real GDP and land prices
vary with plus minus 25 % in accordance with the
higher/lower estimated cost of removing AGP.* Therefore
theresults presented in this paper are sensitive to the
initial estimation of increased cost dueto the
abolishment of AGP. Theresultsof the sensitivity
analysis are shown in appendix C.

Conclusion

This paper has analysed the economy wide
implication of the unilateral Danish removal of
Antimicrobial Growth Promotersin the production of
pigs and poultry. The analysis shows that the long-term
effectsareamoderate declinein the production and
export of pig meat, and positiveindirect effectson other
industriesdueto lower rental rates. Interestingly,
positiveindirect effects mostly impact the poultry sector,
which also removed the AGPsfrom production. The
overall implicationisasmall decreaseinrea GDPand
consumption.

The decrease in the production of pig meat should
be seenin thelight of the baseline where pig production
isexpected toincrease by 30.5 % over the 15 year period
or 1.8 % per year on average. Removing AGPsfrom pig
production reducesthisgrowthin production to 28.7 %
offsetting the ongoing expansion of the pig sector by
approximately oneyear.

The sensitivity analysis undertaken in this paper
show, that theresults are sensitiveto theinitia
estimation of theincreased costs of abolishing AGP.

Even though the cost in terms of real GDPand
consumption are small, cost analysis such asthe one
presented could be compared with expected benefit of
theremoval of AGP. These benefits have not been a part
of thisanalysisand only if the benefits are cal cul ated or
assumed to exceed the cost could such aremoval be
said to be beneficial to society asawhole.

Naturally, the results found should be evaluated in
light of the assumptions employed. Compared with
other, partia equilibrium, economic analysisthe

1 Even though the model is non-linear the shock to the
economy are so small that second round effects and non-linearity
only plays a minor role to model results.
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present analysis takes into account the economic
linkages between the individual agricultural sectors and
between the agricultural sectors and the industrial
sectors, and consumer preference or willingnessto pay.
Furthermore, the analysis has taken into account the
derived cost and price effects and the implications of
explicitly representing the overall macroeconomic

budgetary restrictions. The simulations have also been
undertaken with anational AGE model assuming
unilateral Danish policy initiatives, and it is assumed
that the removal of the AGPs does not affect consumer
preferences domestically or on the export markets for
Danish pig and poultry meat.

Table 4. Macroeconomic consequences of the AGP removal

2010-Level!

AGP removal
Billion 1995-
DKK Million DKK Percent
Real GDP 1426.1 -363 -0.03
Real private consumption 694.7 234 -0.03
Real public consumption 353.8 -119 -0.03
Real investments 2531 .35 -0.01
Real stocks 393 0 0.00
Real exports 4126 17 0.00
Redl imports 3190 -38 -0.01
Redl capital stock -0.02
GDP deflator -0.03
Consumer price index -0.02
Price of investment goods -0.03
Terms of Trade -0.00
Nominal wage rate -0.06
Price of agricultural land -1.37

1 1995-DKK in the year 2010
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Appendix A
TableA.1 Industriesand commoditiesin Organic-AAGE.
Industries ! Commodities
*# 12  Ceresl 12 Cered
*# 34 Oil seeds i* 34  Oil seeds
*# 56 Potatoes * 5-6 Potatoes
*# 7-8 Sugerbeets i* 7-8  Sugerbeets
*# 910 Roughage * 910 Roughage
* 11-12  Meat cattle and milk producers * 11-12 Meat cattle
* 13-14  Pigs i 13-14 Milk
* 15-16 Pogultry i* 15-16 Pigs
17 Hunting and fur farming, etc. 1* 17-18 Poultry
*# 18-19  Horticulture i 19 Hunting and fur farming, etc.
20 Agricultural services, etc. i* 20-21 Horticulture
21 Forestry ! 22 Agricultural services, etc.
22 Fishing i 23 Forestry
23 Extraction of coal, oil and gas | 24 Fishing
* 24-25  Cattle-meat products ! 25 Extraction of coal, oil and gas
* 26-27  Pig-meat products * 26-27 Cattle-meat products
* 28-29  Poultry-meat products * 28-29 Pig-meat products
S P R R
- oc ruit and veg es I ish products
33 Processed oils and fats i 23-34 Processed fruit and vegetables
* 34-35  Dairy products " 35 Processed oils and fats
* 36-37  Starch, chocolate products, etc. i* 36-37 Dairy products
* 38-39  Bread, grain mill and cakes 1* 38-39 Starch, chocolate products, etc.
* 40-41  Bakery shops i 40-41 Bread, grain mill and cakes
* 42-43  Sugar factories and refineries i* 42-43 Bakery shops
44 Beverage production i* 44-45 Sugar factories and refineries
45 Tobacco manufacture * 46-47 Beverage production
46 Textile, wearing apparel and leather i 48 Tobacco manufacture
47 Manufactured wood and glass products ! 49 Textile, wearing apparel and leather
48 Paper products and publishing | 50 Manufactured wood and glass products
49 Qil refinery products i 51 Paper products and publishing
50 Basic chemicals ! 52 Oil refinery products
51 Fertiliser i 53 Basic chemicals
52 Agricultural chemicals nec | 54  Fertiliser
53 Non-metallic building material ! 55 Agricultural chemicals nec
54 Metal products | 56 Non-metallic building material
55 Machinery and non-transport equipment i 57 Metal products
56 Transport equipment ! 58 Machinery and non-transport equipment
57 Electricity i 59 Transport equipment
58 Gas | 60 Electricity
59 Steam and hot water ! 61 Gas
60 Construction i 62 Steam and hot water
61 Motor vehicles service i 63 Construction
62 Wholesale trade ! 64 Motor vehicles service
63 Retail trade i 65 Wholesale trade
64 Freight transport i 66 Retail trade
65 Financial and property services ! 67 Freight transport
66 Transport and communication services i 68 Financia and property services
67 Public services ! 69 Transport and communication services
68 Dwelling ownership ' 70 Public services
i 71 Dwelling ownership
! 72 Coal imports
g 73 Manure
i 74 Fungicide
! 75 Insecticides
: 76 Herbicide

* Both conventional and organic product/production. # Land using industries
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Appendix B Nesting structure
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Appendix C, Result of sengtivity analysis.

Table C.1 Conseguences of an AGP removal, per centage changes
Production Export
AGP-25% AGP  AGP+25% AGP-25% AGP AGP+25%

Agriculture:

Cereal -0.088 -0.118 -0.148 0.081 0.109 0.135
Oilseed 0.11% 0.155 0.193 0.081 0.109 0.13%
Potatoes 0.077 0.104 0.129 0.081 0.109 0.135
Sugar beet 0.00C 0.000 0.000

Roughage 0.015 0.020 0.025

Cattle, live animals 0.00€ 0.008 0.010

Milk 0.00€ 0.008 0.009

Pig, live animals -1.038 -1.394 -1.734

Poultry and eggs 0.26¢ 0.362 0.451

Fur farming 0.064 0.086 0.107

Horticulture 0.064 0.086 0.107 0.081 0.109 0.13%
Manure -0.481 -0.646 -0.804

Processing:

Cattle meat 0.008 0.010 0.013 0.081 0.109 0.135
Pig meat -1.032 -1.385 -1.723 -1.299 -1.743 -2.16¢
Poultry meat 0.273 0.367 0.457 0.338 0.454 0.56€
Dairy 0.00¢ 0.013 0.016 0.081 0.109 0.13%
Sugar refineries 0.01C 0.014 0.017 0.081 0.109 0.13%
Other (selected):

Processed fruit and vegetables 0.01¢  0.026 0.032 0.081  0.109 0.135
Bread, grain mill and cakes 0.028  0.038 0.047 0081  0.109 0.135
Bakery shops -0011  -0.015 -0.019 0.000  0.000 0.00C
Beverage and Tobacco 0.03¢ 0.04¢ 0.061 0.081 0.109 0.135
Agricultural services, forestry

and fisheries -0.019 -0.025 -0.031 0.081 0.109 0.13%
Textile, wood, paper and

publishing 0.034 0.045 0.056 0.081 0.109 0.13%
Basic chemicals 0.05€ 0.075 0.094 0.081 0.109 0.13%
Construction incl. Supply -0.006 -0.008 -0.010 0.081 0.109 0.135
Metals products 0.054 0.072 0.090 0.081 0.109 0.13%
Public services and utilities -0.022 -0.02¢ -0.037 0.081 0.109 0.13%
Retail and wholesale margins 0.004 0.006 0.007 0.081 0.109 0.13%
Private services 0.00C 0.000 0.000 0.081 0.109 0.135

Table C.2. Macroeconomi ¢ conseguences of the AGP removal

AGP-25% AGP AGP+25%
Billion  Million Million Million
1995-DKK DKK  percent DKK percent DKK  percent
Real GDP 1426.1 270 -0.01¢ -363 -0.025 -452  -0.032
Real private consumption 694.7 -174  -0.025 234 -0.034 -201 -0.042
Real public consumption 353.8 -89 -0.025 -119  -0.034 -148  -0.042
Real investments 253.1 26 -0.01C -35 -0.014 -44  -0.017
Real stocks 39.3 0  0.00C 0 0.000 0 0.000
Real exports 412.6 13 0.003 17 0.004 21 0.005
Real imports 319.0 -29  -0.00¢ -38  -0.012 -48 -0.015
Real capital stock -0.013 -0.017 -0.021
GDP deflator -0.022 -0.02¢ -0.036
Consumer price index -0.017 -0.023 -0.028
Price of investment goods -0.022 -0.02¢ -0.036
Terms of Trade -0.001 -0.001 -0.001
Nominal wage rate -0.042 -0.057 -0.071
Price of agricultural land -1.021 -1.371 -1.706
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13. Consequences of terminating the use of AGP in
Denmark for competitiveness in the international

market place

By Advicer Henrik Beekstrgm Lauritsen
Danske Slagterier
Denmark

Summary

Denmark istheworld largest exporter of pig meat.
Followed by Canada and USA Denmark has an export of
morethan 1,5 mill tonnes of pig meat to morethe 130
different countries. Asaresult of consumer concern
Denmark did terminate the use of antibiotic growth
promotersfor finishersin March 1998 and for weaners
in January 2000. This voluntary ban has not shown a
direct effect on salesvolume, but it has given Denmark
some competitive advantageswith regard to meeting
consumers concerns on human health. The ban may also
have kept the market accessto some val uable markets or
product segments, even though antibiotic growth
promotersonly rank asnumber 3 or 4 onthelist of sales
parameters.

Background

Agricultureisavitally important part of the Danish
national economy. Theindustry employsatotal of
around 240,000 peoplein all sectors (app. 8,5% of the
labour force). Sixty per cent of total agricultural
productionisexported, representing almost 20 % of the
total Danish exports. Pigmeat exportsrepresent almost
half of the agricultural exportswith avalue of morethan
3billion USS.

Thecooperative system playsasignificantrolein
Danish agriculture and especialy in the Danish pigmeat
sector. The cooperative systemwasintroducedin
Denmark more than hundred years ago, and isthemain
reason for the current strength of the Danish Agricultural
sector, and it is securing theinfluence of each individual
farmer.

Morethan 95 % of Danish pigsare slaughtered,
processed and marketed by the cooperative companies,
owned and managed by the pig producers.

The number of pig producersin Denmark hasfallen
drastically over thelast 20 years. Whilethetotal number
of producerswas69.000in 1980 and 33.000in 1990, it
has now dropped to about 13.000 pig producersin the
country. The number of slaughter pigs produced, on the
other hand, hasincreased considerably over theyears.
Fromaproduction of 13 million pigsin 1980, the
production hasincreased to the present level of more
than 23 million pigs.

A further reductioninthe number of pig producers
and anincreasein production are to be expected.

Many important el ements associated with pigmeat
production in Denmark are controlled and managed by
the cooperative companies. A central organization -
DANSKE SLAGTERIER - the Danish Bacon & Mest
Council - linkstogether the cooperative companies. This
ensuresthat joint strategiesand actions can befollowed
inimportant aspects such asbreeding, research and
development, marketing and improved productivity in
primary production.

The unique Danish cooperative system resultsin a
fully integrated productionthat givesthe Danish
exporters stable supplies of raw material of avery
uniformand consistent quality to the benefit of our
customersin different marketsworldwide.

Danish farmers produce 23 million pigs per year. 85
% of the productionisexported, and this makes Den-
mark thelargest exporter of pigmeat intheworld.

Being an exporter it isvery important to be
competitive on both price and quality. The Danish pig
meat sector hastherefore always put an effort into
reducing cost and improving quality at the sametime.

The most important markets for Danish exports
of pig meat

Pig meat from Denmark are exported to morethan
130 countriesaround theworld, and the most important
marketsare shownin figure 2.

Asthefigure shows Germany, UK and Japan are the
most important marketsfor the export of Danish pig
meat.
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Figurel. The3largest exportersof pigmeatinthe
world (Danish Satistics, 2001)
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Figure2. Themost important marketsfor export of
Danish pig meat (Danish Satistics, 2001)

Quality parameters

Pig meat istoday sold on alot of different quality
parameters. These parametersdo tend to differ in
priority from market to market, but in general thelist of
priority hasthese parameters:

1. Price

2. Quality (Lean, pH, PSE, Size)

3. Food safety (Residues, Salmonella, Veterinarian

medicine)
4. Food safety 11 (GMO, Animal feed, diseases,
Antibiotic Growth Promoters)

5. Traceability

6. " Soft” parameters(Animal welfare, environment)

7. Independent audit — Certification

Asshowninthelist priceand quality are still the
most important salesparameters, where astheantibiotic
growth promotersare found bel ow residues, salmonella
and veterinary medicine. Thislist of priority changes
from market to market, and in somemarkets, for
exampl ethe Danish home market, antibiotic growth
promoterswould befound together with residues,
Salmonellaand veterinary medicine.

70000

Market consequence of terminating the use of
AGP in Denmark

Asacase we have been looking at 3 of the markets
wheretheterminating of theuse of AGP swhere
expected to have apositive effect on sales. Figure 3
shows the sal es volume on the Swedish, Japanese, and
the British marketsfrom thefirst quarter of 1995tothe
second quarter of 2002. Thevoluntary ban on the use of
antibiotic growth promotersin Denmark was carried out
into steps. Thefist step was the voluntary ban regarding
finishersby March 1998 followed by the voluntary ban
regarding weaners by January 2000.

Asshowninfigure 3, the termination of the use of
antibiotic growth promoters hasnot given any direct
effect on salesvolumesto 3 of themarketswherewe
would have expected an effect. The variations could be
explained by import regulationsin Japan (safe guard)
and by swinefever in 1999 in UK and Foot and mouth
diseasein UK in 2001 and by the BSE foot scarein both
Europe and Japan. What is not shown inthefigureis of
coursetherisk of loosing market shares or therisk of the
products changing to low price segments, if Denmark
had not terminated the use of antibiotic growth
promoters.

Consumer trends

L ooking at consumer trends Meiselman (2001)
describesthe human health as being the most important
within the next 10 yearsin rel ation to the buying of
foods. By terminating the use of antibiotic growth
promoterswe do meet the consumers concernsand we
are ableto build in ahigher trust in the product.

Conclusion

By terminating the use of antibiotic growth
promoters Denmark has some competitive advantagesin
comparison with our competitors. We have not been able

60000

50000

40000

Tonnes

30000

20000 - M

10000 - M

1. Kva. '95
2. Kva. '95
3. Kva. '95 ]
4. Kva. '95
1. Kva. '96
2. Kva. '96 ]
3. Kva. '96
4. Kva. '96
1. Kva. '97
2. Kva. '97 ]
3. Kva. '97 ]
4. Kva. '97 i
1. Kva. '98 ]

2. Kva. '98

3. Kva. '98

4. Kva. '98
1. Kva. '99 1
2. Kva. '99
3. Kva. '99
4. Kva. '99 ]
1. Kva. '00 ]
2. Kva. '00 i
3. Kva. '00
4. Kva. '00 ]
1. Kva. '01 ]
2. Kva. '01
3. Kva. '01 ]
4. Kva. '01 ]
1. Kva. '02
2. Kva.'02 F

@ Bacon UK

B Cuts - Sweden

OCuts - Japan

Figure3. Salesof bacon to UK and cutsto Sweden and Japan from 1995 to 2002
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to show adirect effect on salesvolumeasaresult of the
voluntary ban, but we are able to meet consumer
concerns and by that build in higher trust in the Danish
production of pig meat.
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14. Environmental effects of the termination of AGP
use in Denmark —in relation to zinc and copper

Hanne Damgaard Poulsen and Dorthe Carlson
Danish Institute of Agricultural Sciences
Department of Animal Nutrition and Physiology
Research Centre Foulum

Denmark

Abstract

Thetermination of AGP usein Denmark increased
theneed for other feed additivesto control the outbreak
of diarrhoeaparticularly in pigletsduring thefirst weeks
after weaning. Dietary inclusionsof high levelsof
copper up to 175 ppm have for many decades been
known to reduce scouring and increase the performance
of pigs. Although thisgrowth stimulating effect has
mainly been manifested inyoung pigs, it isallowed to
add up to 175 ppm copper for young pigs (up to 16
weeksof age). Sincethevery late 1980es, many
experiments conducted with young weaned piglets have
shown that adietary content of 2000 to 3000 ppm zinc
fed aszinc oxide significantly improves growth and
reducestheincidence and severity of diarrhoea. The
exact mechanism behind the effects of zinc and copper
isstill not clear, although the overall physiology of the
pigletsisaffected by indicating agreater demandin
newly weaned piglets. New resultsindicate that weaned
pigletsmay develop transient zinc deficiency.
Furthermore, zinc and copper can stabilisetheintestinal
microflora. However, the current legislation dictatesthat
dietary levels above 250 ppm zinc are not allowed in pig
diets. Thismeansthat it isnot accepted to use the
addition of extraordinary highlevelsof zincasasimple
feed additive for young newly weaned pigletsin order to
control diarrhoea. Thereason for thisismainly dueto
environmental concern because zinc and copper are
essential nutrients but also heavy metals. These may
disturb the soil ecosystem and crop yield when
agricultural soil issupplied with manure containing too
much heavy metals.

Withreferenceto the Danish soil quality criteria, it
can be calculated how many yearsit will taketo reach a
critical zinc or copper level in soil when supplied with
manure from pigsfed different dietary levelsof zinc or
copper. The usage of 2500 ppm zinc for two weeks after
weaning resultsin azinc concentration in manure that
are 3to 4 timesbigger compared with manurefrom pigs
(7.2t0 30kg) fed officially permitted levels. When
copper isfed at thelegally accepted 175 ppm for piglets
(fromweaning to 30 kg), the copper concentrationin
manureisincreased almost 20 times compared with
pigletsfed 10 ppm. In worst case, the above mentioned

critical levels of zinc and copper may be reached within
50 yearswhen zinc or copper are added in high
amounts. Thissituation can occur when soil issupplied
with manure solely produced by piglets, wherethis
manureis not mixed with manurefrom sowsor finishing
pigs.

In conclusion, the nutrients zinc and copper canto
some extend succeed AGPin young pigs. However,
there may be contradictions between theresponsibility
paid to the health and growth of the animal and to the
environment.

Introduction

Zinc and copper are essential traceelementsand
they areimportant nutrientsthat affect the health and
productivity of animals. Furthermore, zinc and copper
may have particular importance for the young pigina
short period after weaning. Y oung piglets have to adapt
to many changes at weaning, and one of theseis caused
by dietary changesthat imposes an urgent need for quick
intestinal adaptationsto differencesin composition of
the substrates. Thismay call for special attentiontothe
need of zinc and copper and a better understanding of
how we can fulfil their need.

However, zinc and copper area so classified as
heavy metals and the use of large doses of zinc and
copper may impose an accel erated accumulation of zinc
and copper in soil applied with pig manure (Poul sen,
1998). Thismay inthefuture affect soil fertility and
crop yield. Assuch, both zinc and copper may be
candidatesto become pollutants. Thisseemstoimposea
dilemmabetween livestock production and
environmental interests. Nevertheless, thiswill request a
balanced approach that on the one hand does not
compromisethe physiologic need to ensure health of the
pigs and on the other hand do not create an
environmental problem.

Zinc
Zinc isan abundant trace element and is present to

alesser or greater extent in all tissues of the body. It is
known to be acomponent of more than 200 enzyme
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systems modulating carbohydrate, lipid, protein, and
nucleic acid metabolism. Consequently, zincis
particularly important to active growth and metabolism,
immune and inflammatory responsesand repair
followinginjury. Zinc aso helpsto maintain theintegrity
of cellular and organelle membranes, growth and
carbohydratetolerance. Recent studies have shown that
zinc playsanimportant rolein gene expression.

Zinc deficiency resultsin e.g. growth retardation,
anemia, skin disease and impaired wound healing
(Lansdown, 1995). Hypozincemiawith
pathophysiological consequences has also been reported
inavariety of diseasesincluding diarrhoea, anorexia,
bacterial and parasiticinfections, endocrinedisorders
etc. Acquired zinc deficiency in humansiswell
documented and it has been clearly recognized that
foodstuffs containing e.g. phytate bind zinc and greatly
impair its absorption inducing severe growth retardation,
skin diseases, impaired wound healing etc. (Prasad,
1995). However, zinc supplementati on can eliminate
these symptoms. Oral zinc therapy has also been shown
to bebeneficial inthe treatment of woundsin otherwise
healthy humans, resulting in amuch quicker healing up
of wounds (Lansdown, 1995). The effect was greatest
during the epithelidization phaseindicating that in the
early post-wound phasethereisalocal depletion of zinc
through lossesfrom the damaged tissue. In contrast,
thereisat the sametimeanincreased local need for zinc
in RNA and DNA polymerases and other zinc-dependent
enzymesintheregenerating tissue. Assuch, thereisa
demand for either increased intestinal absorption
(dietary oral supplementation) or mobilisation of body
reserves (Lansdown, 1995).

Asmentioned zinc stimulates growth, and growth
retardation istypically seeninrelation to zinc deficiency
inyoung animalsof all species. Furthermore, cyclic
changesin feed intake are often seen, especially in
severe zinc deficiency. Thismeansthat the growth
stimulating effect of zinc resultspartly fromincreased
feed intake (appetite) but also fromimproved feed
utilisation (Hambidgeet al., 1986). L oss of appetite
(voluntary feed intake) and poor growth may bethe only
overt sign of mild zinc deficiency, but they can be
overcome by supplementing dietary zinc. In particular,
young animalsare susceptibleto zinc deficiency because
of dietary insufficiency, disturbancesinthe
gastrointestinal tract (diarrhoea), excessivedietary levels
of phytate, plant fiber, etc. and excessivedietary cal-
cium.

Zinc and young weaned piglets

Sincethevery late 1980es severa studieshave
shown that zinc fed as zinc oxide at dosages of 2,000 to
3,000 ppm fed for two weeks after weaning reducesthe
incidence and severity of scouring in weaned piglets
(Holm, 1988; Poulsen, 1989, 1995; Hahn & Baker,
1993; Carlson et al., 1999). Many studies have also
shown that in general the same dosages of zinc stimulate
feed intake and growth of the pigletswhether they were
suffering from diarrhoeaor not. Some studieshave

revealed no or small effects but the overal pictureis
that high dietary levels of zinc fed as zinc oxide may
reduce the problems associated with weaning of young
piglets. However, the exact mechanisms behind this
beneficial effect have so far not been fully established
but there might be several contributing factors.

For instance, pigletsare subjected to many changes
at weaning. The dietary changeis associated with the
shift from sow milk to adiet mainly composed of cereals
supplemented with protein sources as soybean meal,
skim-milk powder and/or fishmeal. Thesedietsare
normally supplemented with mineralsand vitamins
according to the current recommendations.

Weaning iscommonly accompanied by changesin
theintestina morphology reducing the absorptive
capacity (e.g. Hampson, 1986). Many studies have
shown alower feed intake after weaning and recently,
McCracken et al. 1999 have shown that inadequate feed
intake during the immediate postweaning period may
contributetointestinal inflammation and thus
compromisevillus-crypt structureand function. A direct
conseguence of thevery low feed intake after weaningis
that the general nutrient need isnot met. Assuch, piglets
after weaning may transiently suffer from malnutrition.
Thismay have serious effects on the health and
functioning of the newly weaned pig. Addressing zinc, it
isknown that the labile pool isvery low and that the
need ishig in the young animal. Assuch, it may be
hypothesi sed that piglets may develop marginal transient
zinc deficiency during thefirst days after weaning
because of thevery limited feed intake, and that extra
zinc supplementation as zinc oxide may alleviatethis.
The question iswhether this can explain the beneficia
effect of high levelsof zinc oxide after weaning.

For many yearsit has been recognized that
diarrhoeaisone of the gastrointestina symptomsof zinc
deficiency in humans (Okadaet a., 1976), especidly in
mal nourished children inthe devel oping countries
(Golden & Golden, 1985). Furthermore, in zinc
deficiency the organismismore susceptibleto toxin-
producing bacteriaor enteroviral pathogensthat
stimulates chloride secretion. Thismay resultin
diarrhoeaand impaired absorptive capacity, thus
exacerbating an already compromised zinc status
(Wapnir, 2000). Accordingly, it hasbecomemoreand
more apparent that zinc deficiency, malnutrition and
diarrhoeaareclosely linked in humans, especially in
children (Wapnir, 2000). Several reports have shown
that bacterically induced endotoxinsmay resultin
damage of theintestinal tissue which may be mediated
through the actions of nitric oxide (Hansen &
Skadhauge, 1997). Administration of interleukin-1a(a
cytokinethat caninduce (liketheendotoxins) the
enzymeinducible nitric oxide synthase whereby nitric
oxideis produced) showed that zinc deficient rats
responded more severely than zinc sufficient rats,
resulting in a greater incidence of diarrhoeain zinc
deficient rats(Cui et al., 1997 2890). Thismay explain
theanti-inflammatory effect of zinc (Abou-Mohamed et
al., 1997). In astudy with guinea pigs Rodriguez et a.
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(1996) {222} found that protein deficient diets
increased intestinal paracellular permeability to small
molecules and that this increase was fully prevented by
high doses of dietary zinc. Darmon et al. (1997) { 304}
confirmed these results and in addition they found that
the intestinal secretory response to serotonin was
reduced when malnourished guinea pigs were fed high
levels of dietary zinc. They concluded that zinc is able
to prevent intestinal dysfunction caused by malnutrition
and suggested the protective effect to be
antianaphylactic and antisecretory. Lately, it was found
that the secretory response to serotonin was reduced in
weaned piglets fed high concentrations of dietary zinc
(Carlson et a, in preparation). It is now believed that
the gastrointestinal tract may be one of the first target
areas where zinc insufficiency may be manifested
(Wapnir, 2000). Interestingly, the beneficia effect of
high dietary zinc levels on the incidence and severity of
diarrhoeain weaned pigletsis associated with an
increase in plasmazinc concentration (e.g. Poulsen,
1989, 1995; Baker and Hahn, 1993). This may indicate
that the effect is a systemic effect. However, studieson
the effect of zinc applied to incisional wounds showed
that zinc oxide advanced healing (Lansdown, 1995)
which may indicate a contributing local effect. The
same study revealed no beneficial effect of the more
acidic zinc chloride application. The mechanismis not
known but it is assumed that the zinc oxide becomes
hydrolyzed and absorbed by the epithelial cells at the
wound margin, becoming available for uptake and
ultimately incorporation in enzyme systems
(Lansdown, 1995). It can be speculated if this may be
the actua situation in newly weaned piglets where the
absorptive area of the intestinal tract isinjured by
rupture of the villi. Maybe zinc-ions that are slowly
released from zinc oxide can stimulate the repairing of
the epithelial cells. In vitro studies with a small
intestinal cell line have shown that zinc may promote
intestinal epithelial wound healing by enhancement of
epithelial cell restitution which istheinitial step of
epithelial wound healing (Cario et. a. 2000). The same
study showed that excessive amounts of zinc might
cause tissue injury and impair epithelial wound healing.
Thisisin agreement with the finding that excessive
dietary zinc (above 4000 ppm zinc as zinc oxide)
results in reduced feed intake and growth in weaned
piglets (Poulsen, 1989, 1995; Poulsen and Daniel sen,
in preparation). However, 11,000 ppm fed for 4 weeks
after weaning did not result in the death of any piglets
but did affect the overall physiology of the piglets
(Poulsen and Danielsen, 2002).

Salts of zinc have mild antiseptic propertiesand
have been used to alimited extent for this purpose. In
general they have been used morefor their actions
against fungi than against bacteria. It has been suggested
that the successful effects of zinc (as zinc oxide) might
be due to abactericidal effect of zinc on e.g.
Eschericia coli. However, Jensen-Waern et al., 1998
found no effect on the number of E. coli and
enterococci. Thisisin agreement with findings of Li et

al., 2001 reporting no major effect of zinc (as zinc
oxide) on the bacterial populationsinileal digestaand
faeces. Thisisin agreement with the findingsin a
recent experiment showing no major effects but maybe
asmall stabilising effect of zinc on the changing
gastrointestinal microbial ecosystem adapting to the
differencesin the composition of the substrates
(Poulsen et al., in prep.).

Thebioavailability of zincin phytaterich dietsis
rather low. The bioavailbility of zinc in zinc oxide has
been determined to be about 20% (Poulsen & Larsen,
1995) and arecent study revealed that the zinc
bioavailability was almost the samefor zinc sulphate
and zinc acetate (Poulsen & Carlson, 2001). In humans,
the biavailability was about 50% in breastmilk (Abrams
etal., 1997). Thismeansthat given astotal amounts, the
daily need will increase quitedramatically after
weaning.

Concluding remarks about zinc

There is developing evidence that young weaned
piglets may have ahigher need for zinc for somefew
days after weaning. The situation may be parallel to the
recognitionin humansthat dietary modifications
including theintake of cerealsand frequent use of soy
milk in stead of breast milk, childrenin especialy the
devel oping countrieswith diarrhoeafrequently suffer
from zinc deficiency (Folwaczny, 1997). In addition,
diarrhoealeadsto excesszinclosses. Zinc
supplementation |leadsto accel erated regeneration of the
mucosa, increased brush-border enzymes and enhanced
immune capacity etc. (Folwaczny, 1997). These
conclusionsare supported by several controlled clinical
trialsproviding evidencethat zinc supplementation
result in significant reductionsin therisk of continued
diarrhoeain children. There seem to be acomparable
physiological cascade of reactionsin the newly weaned
piglet adapting to the new feeding conditions and
substrates. Feeding situation isthe same with an abrupt
shift frommilk to adiet mainly based on cerealsand
soybean meal with ahigh content of phytate rendering
zinc lessbioavailable. In addition, the feed intakeisvery
limited rendering theintestinal tissuemoresusceptible
to bacterial endoxins. All thesefactorsmay contributeto
thedisrupture of the pre-weaning gastrointestinal
function of the piglet after weaning.

In conclusion, theabove mentioned statementsand
evidencefrom recent studiescall for arevision of the
way we are feeding zinc to newly weaned piglets. There
seemsto be agrowing understanding that piglets have a
higher need than the current recommendations say. We
believe that we should keep in mind that the daily feed
intakeisvery low (< 100 g) just after weaning. Asthe
daily zinc requirement israther big in young individuals,
we haveto think in daily amounts. Furthermore, we
should keep in mind that generally the bioavailability of
zincisvery low (< 20%). To compensate for this, a
high dietary concentration is needed, but fortunately
this high concentration is necessary for not more than
two weeks.
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Copper

Copper isassociated with the function of anumber
of enzymesespecially oxygenasesincluding cytochrome
c oxidase, theterminal component of the electron
transport chain (Keen & Graham, 1989). A major copper
enzymeis copper-zinc superoxide dismutase
(CuznSOD), which catalysesthe dismutation of the
superoxideanionto hydrogen peroxide. Another major
function of copper isceruloplasmin (ferroxidasel), a
putative copper transport protein that has weak
oxidizing propertiesand may berequired for the
incorporation of ironfromtheliver intotransferrinfor
itstransport to extrahepatic tissue (K een and Graham,
1989). Furthermore, ceruloplasmin can serveasa
scavenger of superoxideradicals(Cousins, 1985). An
additional key copper enzymeislysyl oxidase catalysing
the biosynthesisof elastin and collagen, astepthatis
critical inthe cross-linking of connectivetissue needed
for the build-up, maintenance and repair of connective
tissue. High dietary levels of copper have also been
shown to stimulateintestinal lipase and phospholipase
A, activities, leading to animprovement of dietary fat
digestibility in weaning pigs (Luo et a., 1996) and to
increase protein utilisation, probably through activation
of pepsin activity (Kirchgessner et al., 1976).

Many detailsin the overall metabolism of copper
arestill poorly understood. In general, information on
copper requirements of animalsisscarce and poor.
However, itiscommon to add copper sourcesto diets
for pigs. Copper absorption is affected by dosage and
chemical appearance present inthediet. Additionally,
the absorption of copper isregulated and affected by the
physiological state of theanimal. Lonnerdal et al ., 1985
report that copper absorption ishigher in neonatesthan
in adultsindicating ahigher physiological copper need
in young individual s compared with adults. Phytate,
ascorbic acid, fiber etc. appear to complex with copper
and limit itsabsorption (Cousins, 1985). Assuch, the
release of copper for absorptionisaffected by the
enzyme phytasethat increasesthe apparent
bioavailability of copper (Pallauf et al., 1992; Adeolaet
al.,1995).

Copper and young pigs

For many decades, |ots of investigations have shown
that the addition of copper to thedietsincreasesthe
growth of the pigs, but the mode of actionsbehind this
growth promoting effect remain not well understood.
The copper effect has been attributed to either agrowth
promoting effect through improved feed intake and/or
feed conversion ratio or asaprophylactic barrier against
gastrointestinal disorderse.g. acutediarrhoeain
neonatal pigs. However, the pathogenesis of neonatal
enteric infections is complex, often involving
nutritional and environmental factorsaswell as
infectious agents, such as enteropathogenic strains of
E. coli and other viral or bacterial pathogens. Although
its action has been attributed to its antimicrobial

activity, only afew studies have focused on the effect
of copper in the gastrointestinal tract of pigs (Jensen,
1998; Poulsen, 1998). Salts of copper have mild
antiseptic propertiesand it has for along time been the
general saying that the effect of copper might be
caused through its antimicrobia quality.

Fuller et a. (1960) observed in faeces from pigs
fed high dietary copper during 100 days after weaning
that the numbers of Lactobacillus spp. and E. coli were
unaffected whereas the number of Sreptococcus spp.
was markedly lower. The changesin the microfloraof
the pigsdid not correlate with the growth stimulating
effect of copper because the same modifications of the
microflorawere seenin pigs showing agrowth response
or no growth response. Hawbaker et a. (1961) foundin
young pigs (between 42 and 107 days) that copper
sulphate added to the diet significantly decreased the
populations of Lactobacillus spp., Sreptococcus spp.,
total aerobesand total anaerobesinthefaeces.
Complementary, Bunch et al. (1961) found that
Lactobacillus spp., total aerobic and total anaerobic
microorganismsin pigletsweresignificantly lowered by
addition of copper sulphatefor 6 weeks. In pigs
receiving copper oxide, only the coliformswere
significantly lowered.

Onthe contrary, Smith and Jones (1963) found no
obviousdifferences between the numbers of
Lactobacillus spp., Sreptococcus spp., E. cali,
Clostridium perfringens, Bacteroidesspp. andyeastsin
different parts of the gut of 5 month old pigsfed adiet
containing 250 ppm copper sulphate. Observationsthat
copper sul phate reduces the number of Sreptococcus
spp. and ureolytic micro-organismsinthegut of pigs
wasalso confirmed by Varel et al. (1987). Theresults
concerning the reduction of theStreptococcus spp.
populationsin the gut arein agreement with the
observations of Dunninget al. (1998) that streptococci
are susceptibleto copper under anaerobic conditions
whilemost lactobacilli and E. coli areinsensitive.
However, Jensen (1998) reportsthat copper sul phate
affectsthe microbial populations of Lactobacillus spp.
and E. coli inthe gut of pigs. Evidence that copper may
have agrowth promoting effect through the actionson
themicrobial florais supported by the results of
Shurson et al. (1990), who observed apositive effect of
high dietary copper on daily growth rate and feed
conversion ratein conventional pigsand anegative
effect ingerm-freepigs. It should be noticed that a
recent study hasindicated that high dietary copper may
resultin microbial resistance (Hasman & Aarestrup,
2002).

Though it has been expected that the prophylactic
effectsof copper areexerted onthemicrobial ecosystem
in the gut in one way or another, no data has so far
definitely linked the growth stimulating effect of copper
to the effects on the microflora. However, there might
be another understanding of the growth promoting
effect of copper, because recently, it has been claimed
that the growth promoting effect of copper in piglets
might be a systemic effect rather than an antimicrobial
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effect in the intestinal tract (Shurson et al., 1990;
Radecki et al., 1992).

In addition, elevation of blood copper is associated
with variousdiseases, e.g. inflammation and infection
(Sorensen, 1987). A central questioniswhether this
elevationisacause of the disease or aresponseto the
disease. Generaly, itisinterpreted asacause of the
disease, but it may also be plausiblethat the elevationis
aresponseto the disease and thusanormal
pharmacological reaction and activity inindividuals
suffering from these disease (Sorensen, 1987). In
chickens, Salmonellainfectionincreased plasma
ceruloplasmin synthesis. Furthermore, E. coli toxin
administrationto hamstersal soincreased plasma
ceruloplasmin (Cousins, 1985). After endotoxin
injection, aninitial and immediaterel ease of hepatic
ceruloplasmin wasfollowed by de novo synthesis
(Cousins, 1985). May bethesefindingscould be
extended to the prophylactic effect of copper on
diarrhoeain young pigs but it has not been investigated
sofar.

If it can be established that €l evation of plasma
copper isageneral physiol ogic responseto disease
states, thiswill facilitate aphysiologic nutritional
approach to disease prevention and treatment according
to Sorensen, 1987. Thisstatement or hypothesis may
also be relevant to young pigs and may then draw
attention to the suggestion that young piglets might have
ahigher physiologically based copper need than gene-
rally assumed for many decades. In that context, one
should also bear in mind that pigs are generally weaned
much earlier and more abruptly and thereforeless
physiologically maturethan decades ago. Furthermore,
thefeedintakeisvery limited during thefirst post-
weaning period.

Concluding remarks about copper

Copper isavery important nutrient for the very
young piglet in controlling outbreak of diarrhoeaand
stimulating growth, especially during thefirst period
after weaning. High dietary levelsof copper sulphate
can quantitatively modify some Gram positive bacterial
popul ations of the gut as demonstrated for Sreptococcus
spp. and Lactobacillus spp. Favourable consequences
for the pig through these gut modificationsare possible
but not yet clearly demonstrated. Recently, it has
furthermore been emphasi sed that the growth promoting
effect of copper in piglets might be asystemic effect
rather than an antimicrobial effectintheintestinal tract.
As such, young piglets might have a higher
physiologically based copper need than generally
assumed for many decades.

Interactions between zinc and copper

Classically thereis an antagonistic interaction
between copper and zinc and between copper and iron
(Davis& Mertz, 1987). For instance high dietary zinc
may induce copper deficiency and visa versa because a
high dietary dosage of one of the minerals suppress the

absorption of the other. Davis & Mertz, 1987 suggest
that the discrepanciesin the reported responsesto high
copper levelsinpigsrelate primarily to differencesin
zinc and iron levels of the basdl rations. In weaned
piglets, theinteraction between copper and zinc results
in reduced plasma copper when thediet is heavily
supplemented with zinc oxide (Poul sen, 1995).
Furthermore, the prophylactic effect of high dietary zinc
inclusionsinteracted with the dietary copper content

indi cating that the effects of one specific mineral may be
very complex because of interactions (Poulsen, 1995).
Carlson et a. (in preparation) found that pigletsfed high
dietary copper had an increased plasma zinc concent-
ration. We believethat thismay indicate that the
classical growth stimulating effect might be explained by
animproved zinc status. The site of action of the
interaction between copper and zinc may beinthe
intestinal lumen, for instance through bindingstoe.g.
phytate, fiber etc.. Experimentswith phytase confirm
that copper bioavailability isaffected by thedietary
content of zincin an antagonistic way (Pallauf et al.,
1992; Adeolaet a ., 1995). Theinteraction between
copper and zinc may also be due to competition at the
brush border membrane and/or during thetransfer of the
metal swithinthe mucosal cell (Cousins, 1985).
Interestingly, high calcium intakeisreported to reduce
zinc availability, whereby the possibility of copper
toxicity in pigsfed high copper dietsisenhanced (Davis
& Mertz, 1987).

Environmental aspects

In Denmark, there arerestrictions on the amount of
manure that can be applied to the agricultura soil. This
amount isdefined by the amount of nitrogenthat is
excreted from the pigs of different categories (piglets
(7.2t0 30kg), finishers (30 to 100 kg), sows(incl.
pigletsto weaning)). Thenitrogen excretionis
calculated based on the standard valuesfor feed intake,
productivity, nutrient content of thefeed and retentionin
the pig body (Poulsen et al., 2001). Similarly, the
excretion of zinc and copper can be calculated for
different scenarios. Thishasbeen donefor all categories
of pigswhen assuming different dietary contents of
either zinc or copper (Poulsen, 1998). The obtained
valuesindicate that the accumul ation of zinc or copper
depend to alarge extent on thedietary concentration.
Furthermore, it was cal culated how many yearswould
pass before the upper soil quality criteriaisreachedina
standard soil (Larsen et al, 1996). Thecritical valuefor
soil zinc and copper islaid down by the Danish
Environmental Protection Agency for dudgeandisbase
onthe EU Directive86/278/EQF (Larsen et al., 1996). It
can be calculated that under Danish conditions, the
critical valuesmay inworst case be reached within
about 50 yearsof constant application of manuresolely
excreted by young piglets fed either 175 ppm copper or
2,500 ppm zinc. Under normal conditions, manure
from different categories of pigs will be mixed
whereby the content of zinc and copper will be diluted.
Nevertheless, the exact environmental effect of a
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higher content of zinc and copper in the soil remainsto
be fully exposed.

Conclusions

In conclusion, zinc and copper are very important
nutrients, especially for young piglets. Recent
experiments emphasisethat the current
recommendationson zinc and copper to weaned piglets
need to berevised. Experiencesfrom human nutrition
support the hypothesisthat young weaned piglets may
develop transient zinc deficiency. Furthermore, aquite
high dietary concentration of zinc may bereguired to
ensuretheir physiological daily zinc need becausetheir
feed intakeisvery limited thefirst days after weaning.
However, a baanced approach is needed because zinc
and copper are heavy metal and may call for
environmental concern. It should be emphasised that an
expert study including all member countrieswithin EU
has recently been started. Thissurvey study will include
acombined evaluation of both the nutritional and the
environmental aspects of zinc and copper evaluated on a
scientificbasis.
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15. Antimicrobial use in food-producing animals

in the UK

D.J. Taylor

Professor of Veterinary Bacteriology
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INTRODUCTION

Food-producing animalsin the United Kingdom

comprise popul ations of ruminantsand monogastric
anima s which include poultry and fish. The actua

speciesarelistedin Table 1 whichincludesthe major

edible products of the species.

Table 1. Speciesused for food productioninthe United Kingdom

Animal species

Major product

Subsidiary products

Numbers 2001 (where

available)

Cattle 11,133,000
Milk (dairy cows) 2,336,000
Beef (cows) 1,842,000

Sheep and lambs 42,261,000
Meat (Lambs under 20,855,000
one year)
(Ewes and gimmers) Milk 20,447,000

Goats Milk Meat

Deer M eat

Pigs 6,482,000
(Sows and gilts) Meat 610,000
Meat (Other pigs) 5,872,000

Horses Leisure Meat

Rabbits Leisure Meat

Total fowls 155,082,000

Hens and pullets Eggs Meat 38,147,000

Broilers etc Meat 105,688,000

Ducks M eat Eggs

Turkeys M eat

Game (reared) M eat

Game (wild) M eat

Ostriches M eat

Salmon M eat

Trout M eat

Other seafish Meat

Shellfish

The UK isnot self-sufficient in many foods of
animal origin and imports consi derable amounts of

specialist food of animal origin such as Parmaham and
commoditieswhich are available in the Community and
Third Countriesat alower pricethaninthe UK (43%
self-sufficient in bacon, 76% in fresh pork). The country

exportsfood productsof animal origin, notably Scottish
salmon, game, horsemeat and specialist or regiona
products such as cheesesaswell ascommodity products
such as poultry meat, eggs and red meat when conditions
of trade are favourable or as part of world trade patterns,
subject todiseaserestrictions.
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FARMING SYSTEMS IN THE UK

Thefarmingindustry consistsof largecommercial
farmswith multiplesites, family or tenanted farms
deriving all or most of their incomefrom farming and
smallholdingsand croftswherethemainincomeis
rarely provided by farming. This pattern of ownershipis
repeated inthe egg industry, but most broiler production
ison farmsbelonging to integrated producing and
packing firms. The same appliesin fish farming, where
most salmon production isby large companies but trout
and shellfish productionisoften onasmaller scale.

Special featuresof the production of foods of
animal originin the UK include the widespread use of
grazing and extensive husbandry systems at some stage
of production of beef, lamb and some pigmeat. Thereis
atrend towardsthe production of ‘organic’ foodswith a
minimum of inputsincluding antimicrobial treatmentsin
animal husbandry. Unlike many continental countries,
therearerelatively limited salesof foods of animal
origin direct tothe consumer , although these are
increasing. Animal feedsare often supplied by
sophisticated feed compani es ableto meet the complex
nutritional requirements of recently-weaned pigsand
calves. Feedsfor older animals may be produced on
farm using home-produced ingredients, but supplements
are provided and the ration balanced by the feed
companies. Thereislittle or nowhiteveal production,
largely for reasons of perceived animal welfareand
national sentiment and no sows aretethered. A number
of farm assurance schemesexist to provide quality
assurancefor thelivestock sector.

The UK market for foods of animal originis
dominated by thefew large supermarket chains. They
have production protocolsand inspect production at
every stage. Their buying policies haveinfluenced major
supplierssuch asthe poultry producersto adopt welfare
and management practices of astandard not yet required
by legidlation and to abandon the use of antimicrobial
growth promoters.

A special feature of UK animal husbandry isthefate
of culled cows. No bovine animal aged over 30 months
can enter the food chain and all are daughtered and
rendered. Thisoutlet for such animals meansthat they
rarely enter trade, are not treated for diseaseto the same
extent and represent adead end from the point of view
of disease-producing organisms.

Overdl, the number of farmed livestock isdeclining
inthe UK following two mgjor disease outbreaks and
the adverse exchange rate which hasresulted in poor
profitability. Thisdeclineinlivestock farmingincomes
hasresulted in reduced capital expenditure and may
have reduced adoption of disease control strategies.

ANTIMICROBIAL USE IN THE UK
Antimicrobialsarelicensed for use by the European

MedicinesAgency or by the UK Veterinary Medicines
Directorate asin other European countries. Therapeutic

antimicrobialsare prescribed by veterinary surgeonsto
animalsunder their carefor treatment and disease
management. Individua treatment isthenorm for cattle,
sheep, breeding and sucking pigs and horses, but it may
be administered in the drinking water or feed where
these methods provide the best route of administration
or wherethere are pharmacol ogical reasonsfor doing so
(e.g.valnemulin). Growing pigsand poultry are
routinely treated by theseroutes. Occasional groups of
calves may betreated in feed or water, asmay be
membersof other speciesfor specific purposesand
wheretheantimicrobial iscompatiblewith usein that
Species.

A withdrawal period isobserved for all food
producing animal sto which antimicrobial hasbeen
administered. When veterinary surgeonsuse alicensed
antimicrobial (or other medicine) whichisnot licensed
for usein aparticular food-producing animal and has no
specified withdrawal period for that speciesor route of
administration (for examplein atrout or apheasant),
then astandard withdrawal period is observed. This
process of using amedicinefor an unlicensed use can
only be carried out when no licensed medicineis
availablefor the purpose required and is known as
the’ cascade’ .

The process of prescribing and administering an
antimicrobial inthe UK isasfollows:

The veterinary surgeon examinesthe animal or
group of animalsconcerned and reachesaprovisional
diagnosis.

If medicationisrequired, an appropriatetreatmentis
selected and the veterinary surgeon administersthefirst
treatment personally from her/hissupply.

Thetreatment isrecorded in the Treatment Record
Book with details of the animalstreated, date and name
of the person administering the medicine.

Theveterinary surgeon may returnto completethe
treatment, but often provides sufficient medicinefor the
farm staff (appropriately trained) to completethe
treatment and any subsequent cleaning and disinfection.

Wherethe disease does not resol ve or occursin
successive groups of animals (ason pig and broiler
farms), samples may betaken for confirmation of
diagnosisand determination of the antimicrobial
sensitivity of the agents present.

Decisionsare then taken about longer term disease
management. |n some circumstances, agroup of animals
may require medicated water or feed. Feed medicationis
supplied by the veterinary surgeon and mixed on farm if
thefeed mixing equipment thereislicensed, but is
generally prepared by afeed company upon receipt of a
prescription valid for the batch of animalsand a
maximum of one month. Thefeed company employsa
pharmaci st to dispensethe product and detailed records
arekept by al three parties.

Disease management in thelonger term may be by
treatment of individual affected animals(cases of
mastitisin dairy cows) with treatment admini stered by
thefarm staff without further referenceto theveterinary
surgeon. Treatments are recorded and withdrawal
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periodsobserved. Further suppliesof antimicrobial are
only availableon prescription from the veterinary
surgeon who usually suppliestheprescription unlessitis
for medicated feed. Where possible, vaccinesare used
and hygieneregimesor, even, in the case of pig or
poultry enterprises, depopul ation of buildingsor entire
farms may be used to manage or eradicate disease. The
actual methods used depend upon the disease, the
economicsof the procedure and on the practicality of
the management measures (avail ability of vaccines, ease
of admini stering medi cation by aspecific route etc).

Itisimportant to realise that zinc oxide can be
legally supplied on prescription and mixed in feed inthe
UK for the prevention of post weaning diarrhoeain pigs.

Antimicrobial growth promotersarestill usedinthe
UK. Thefour productsstill licensed inthe EU areall
available. Littleor no antimicrobial growth promoter is
used in table poultry asthe supermarket buyers have
indicated that their suppliers should not usethem.
Salinomycin and monensin may still be used as part of
theanticoccidial control programme, but they are not
used directly asgrowth promoters. In cattle, monensin
may still be used, but the major use of these productsis
in pigswhere avilamycin and salinomycin are commonly
used. Once again, those with contractsfromthelarge
supermarkets may decide not to usethemfollowing
discussion with the purchaser. They are aways supplied
by the feed compounder under licence.

FACTORS AFFECTING ANTIMICROBIAL
USE IN THE UK

Antimicrobial useisnot uniform acrossthefood
producing speciesin the UK. Some species harvested
for food receiveno antimicrobial (wild game, extensive
sheep) and othersreceive antimicrobial only at specific
timesin the production cycle. Examplesof these uses
arethetreatment of pheasant chicksand poultsfor
diseaseprior to rel ease, young lambs during housing,
ewes at lambing or with mastitisand cowswith mastitis.
Antimicrobial useinbroilers, pigsand salmonisnot
uniform and may be completely absent from somesites,
flocksand herds. Antimicrobial useismost commonin
pigs during the sucking and post-weaning periods when
anumber of bacterial diseasesoccur. Treatment may be
administered to these animals parenterally, in drinking
water or in feed.

Factors tending to reduce use of antimicrobial
in the UK

Cost of treatment isafactor inantimicrobia useas
the margins over costsare low in many parts of UK
agriculture. Disease and treatment may make batches of
broilersuneconomic and all possible measuresaretaken
to reduce and prevent disease, thusreducing incidentally
theuse of antimicrobial. Wherethe costs of disease have
led to complete depopul ation and repopul ation of pig
herds, the new stock are usually of higher health status
and requirefewer treatments. Theremay be hesitation
beforechoosing an expensive antimicrobial for certain

farms, thusreducing the devel opment of resistanceto
new products. Costsalso affect thetreatment of bovine
mastitis: oncean anima ischronically affected, culling
oftenfollowsthe development of diseaseasthemargin
onmilk productioniscurrently solow.

The'organic’ movement withitsminimal use of
antimicrobial and proscription of theuse of growth
promotersisincreasingin sizeand will eventually
reducethetotal useof antimicrobial infood animalsin
the UK.

Health policieshavebeenintroduced by cattle,
sheep and pig farmersas part of their quality assurance
schemesand their operation reduces disease and the
conseguent need for treatment.

New vaccines have beenintroduced for anumber of
diseasesand the diseases concerned nolonger require
treatment. Examplesaretheintroduction of thevaccines
for enzootic pneumonia, Glasser’ sDiseaseand
pleuropneumoniain pigs, the upgrading of the
Mannheimiahaemolytica vaccinesfor sheep and cattle
and theintroduction of avaccinefor colisepticaemiain
chickens.

Guidelinesfor theuseof antimicrobial use have
been prepared by industry, Government and
veterinariansin order to reduce the amount of
antimicrobial prescribed and used in the UK in both
food and companion animals and distributed to all
veterinarians. Requests have been made of the veterinary
schoolsto emphasi seto studentsthat they should use
antimicrobialsresponsibly when they graduate and the
subject isgiven considerable exposure at professional
meetings.

Factors tending to increase use of antimicrobial
in the UK food animal population

I ncreasesin animal disease areimportant reasons
for increasesinthe prescription of antimicrobial. The
best exampl e of thiscomesfromthepigindustry in
which the recently-recogni sed Postweaning
Multisystemic Wasting Syndrome (PMWS) hasnow
spread to most parts of the UK. PMWSisavirus
disease, but itsconsequencesincludeareductionin
resistanceto pathogens, apossible association with the
use of vaccines, areduction in growth rate and
consequent overcrowding and pressure on hygiene.
There hasbeen asurgein antimicrobial useas
veterinarians attempt to manage the syndrome and to
treat the bacteria diseaseswhich have emerged.
Similarly, therestrictions on movement consequent upon
the recent outbreak of Foot and M outh Disease appear
to haveincreased diseaseand led tolocal increasesin
antimicrobial use.

Theintroduction of new diagnostictestshes
allowed veterinariansto confirm the existence of
diseases such asProliferative Enteropathy of pigs
(Lawsonia intracellularisinfection) much more
accurately than before. Thishasled to specific attempts
to manage and reduce thelevelsof infectionin pig
herds.
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Reductionsintheuseaof antimicraobial growth
promoter shave had someeffect already on
antimicrobial use. Inthebroiler industry, disease such as
necrotic enteritis has been much more obviousand has
been treated with therapeutic antimicrobial. The costs of
the disease and subsequent treatment have, however, led
to strenuous effortsto reduce the occurrence of the
disease and to minimiseitseffectsand the overall effect
may be neutral in some cases. The pig herds which have
discontinued the use of antimicrobial growth promoters
have seen areduction in growth ratein some cases
which hasresulted in overcrowding. Once management
adjuststo the changes, herds can be grown satisfactorily
intheabsenceof their use, with little or no more disease
or antimicrobial usethan before.

Illegal importsand theillegal use of
antimicrobialsoccurinthe UK and areidentified by
Government inspectors. The source of theantimicrobials
used varies, but the products often derive from other
Community countrieswithin theeuro zone. They are not
registered for useinthe UK, but areregistered inthe
country of origin. They areimportedillegally, sold and
used by farmerswithout veterinary prescription because
of the strength of sterling against the euro. Products
fromthird countriesmay also follow the same channels

Importersand farmersinvolved are prosecuted if the
evidenceissufficiently strong. Theeffectsof these
importson antimicrobial useare not fully known.

Theintroduction and marketing of new
antimicrobial shasan effect onthe salesand use of the
class of compound concerned, although the effect may
not be great intermsof thetotal value of antimicrobial
salesor thetotal use of that class of antimuicrobial.
Substitution of productswithin aclassmay occur. One
effect isthat the older antimicrobialsand the generic
products are not supported in thisway and their use
decreases. A casein point isthetreatment of
Proliferative Enteropathy in the pig wheretetracyclines
arethegold standard for treatment, cheap and easy to
administer, and have been used effectively for 30 years.
Most tetracycline products, however, have no specific
claimfor the disease and thereisatendency to use
productswithlabel claimsfor treatment. Thustylosin,
lincomycin and tiamulin are used in preferenceto the
older product.

Antimicr obial resistancemay increasetheuse of
antimicrobial, but usually only resultsinashiftinclass.
Increasesin usegenerally stop oncethediagnosisis
reconfirmed and an appropriate antimicrobial is
prescribed. Thiscan, of course, resultinanincreasein
resistanceto the new product.

MONITORING OF ANTIMICROBIAL USE
AND RESISTANCE

Antimicrobial useismonitor ed by the
pharmaceutical industry who report to Government
annually. Salesfigures are published but the tonnages
may remain confidential. Inthefield, inspection of
recordstakes place during Government welfare

inspectionsand during Quality Assurancevisits.
Residuesof antimicrobialsin meat and animal products
are sought by the Veterinary MedicinesDirectorate and
other bodiesand reported. Occurrencesarefollowed up
and breaches of theMedicineslegislationresultin
prosecution. Few residuesarefound. Figuresfor
September 2002 show tetracyclineresiduesin 3 of 2,500
red meat kidneys, sulphonamideresiduesin 5 of 544 pig
kidneys, 1 monensinresiduein 162 sheep kidneys, 8
tetracyclineresiduesin 292 turkey kidneysand 1
sulphonamideresiduein 181 turkey kidneys. Eggs, milk
and salmon were completely freefrom antimicrobia
residues.

Antimicrobial resistance has been monitored
systematically and theresistancerecorded in
salmonellaeinthe UK since 1975 by Government
laboratories. Therecordsfor 2001 show that arelative
declinein S enterica subspenterica Typhimurium has
reduced the percentage of salmonellaeresistant to
antimicrobialsin cattleand in particular, adeclinein the
proportion of DT104, amultiresistant strain, has
reduced the degree of resistance within the Typhimurium
isolates. Thefiguresshow adecreasein sensitivity to
fluoroquinolones (measured using naidixic acid) in
theseisolates.

Antimicrobial sensitivity testingiscarried out on
other isolates of clinically-relevant bacteria, but sys-
temati c collection of the datafrom Government sources
isonly beginning. No collationisyet possiblefrom
private or University laboratories. Thesedataare
supplemented from timeto time by surveysof
antimicrobial resistanceinnormal florasuch as
enterococci and organismsof zoonoticimportancesuch
as campylobacters and in populations such aswildlife.

CONCLUSIONS

1. Antimicrobialsareusedinthetreatment of food
animal diseaseinthe UK

2. They areadministered parenteraly, by the
intramammary route, in drinking water and in feed.

3. They areprescribed by veterinary surgeons and
supplied by veterinary surgeons, licensed feed
compounders and afew pharmacists.

4. Their useisrecorded, recordsareinspected and the
observation of withdrawal timesismonitored.

5. Abuseisinvestigated and illegal activity prosecuted

6. Theveterinary profession and Government are
actively involvedinresponsible use

7. Antimicrobial growth promoterslicensed by the EU
are used, but only in some ruminants and some pigs.

8. Antimicrobia useisgeneraly level unlessamajor
outbreak of diseaseoccurs.

9. Antimicrobial resistanceismonitored inthe UK for
salmonellae but not on acountry-wide basisfor
other organismsexcept in surveys.
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for Disease Control and Prevention

USA

Introduction

The United States has a population of
approximately 270 million persons. The size of the
food animal industries in the United States can be
judged by the number of animals slaughtered;
approximately 35 million pigs, 100 million cattle, and
7,800 million broiler chickens are slaughtered each
year in the United States. For comparison, Denmark, a
country with 5 million inhabitants, daughtered
approximately 23 million pigs and 135 million broiler
chickensin 2001.

An important barrier to the comparing the
patterns of use of antimicrobial growth promotersin
United States with the pattern of use elsewhere,
including Europe, are the definitions used to describe
how antibiotics are used in the United States. The
United States Food and Drug Administration defined
the low dose, long duration addition of antibioticsto
animal feed as,, subtherapeutic* antibiotic use (dose of
>200 grams per ton of feed for >14 days). Antibiotics
that are approved for subtherapeutic use have label
indicationsfor ,, growth promotion,” and ,, feed
efficiency.” The United States Food and Drug Admini-
stration has also approved uses of antibioticsin animal
feed for , disease prevention* (e.g., prevention of liver
abscessesin feedlot cattle) with dosage regiments that
are high dose (>200 grams per ton of feed), long
duration (>14 days). ,, Disease prevention antibiotic
useisintended to be the use of antibiotics for the
prevention of disease prior to the occurrence of
disease; such uses, therefore, occur in the absence of
disease. In contrast, ,, disease control* uses occur in the
presence of disease. The , disease prevention” term
creates confusion because the Food and Drug Admini-
stration has also approved ,, disease prevention” uses of
antibiotics, usualy by injection (e.g., prevention of
early chick mortality in broiler chickens), with high
dose, short duration regiments. Therefore, antibiotics
approved for ,, disease prevention” have two possible
dosage regiments (high dose, long duration; or high
dose, short duration).

The American Veterinary Medical Association
defined therapeutic use of antibiotics as usesfor
therapy, disease control, and disease prevention; al
»disease prevention” uses of antibiotics, even if used
for long periods of timein animal feed, are considered
to be therapeutic uses by the American Veterinary
Medica Association. Therefore, ,, disease prevention®
use makes the comparison of patterns of antibiotic use
in Europe and the United States difficult . In Europe, al
long duration uses of antibioticsin animal feed are
»antimicrobial growth promoters*. There are, therefore,
some uses of antibioticsin the United States that the
American Veterinary Medical Association considersto
be therapeutic uses, but in Europe are considered
growth promotion uses; long duration disease
prevention usesin the United States would be conside-
red growth promotion uses in Europe.

An dternative term that has been proposed is
»hontherapeutic* antibiotic use. Nontherapeutic uses
are uses of antibioticsin the absence of disease.
Nontherapeutic uses, therefore, includes all
subtherapeutic antibiotic uses and all disease
prevention uses. Classifying antibiotic uses as
nontherapeutic or therapeutic enables a more direct
comparision of the patterns of antibiotic use between
the United States and Europe because ,, nontherapeutic*
antibiotic useincludes all long duration uses of
antibioticsin animal feed (subtherapeutic uses and
disease prevention uses). To make a direct comparison,
all that is necessary isto exclude the high dose, short
duration disease prevention uses in the summary of the
patterns of antibiotic usein the United States.

Patterns of use

The Food and Drug Administraion publishesa
listing of antibiotics approved for usein the United
States, with the label indications, in the United States
Code of Federal Regulation. The Food and Drug
Administration also maintains alisting of approved
antibioticsin the , Green Book", which isavailable on
the Food and Drug Administration website (http://
www.fdagov/cvm). The most useful listing of what
antibiotics are used animal feed is available by
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subscribing to the Feed Compendium; this
compendium, which is updated monthly, providesa
catalog of antibiotics currently marketed in the United
States. There are at |ease seventeen classes of
antibiotics approved for nontherapeutic usesin animal
feed. These classesinclude several classes of
antibiotics that are commonly used in human medicine
including lincomycin (human analog is clindamcin),
macrolides (tylosin in animal's, human analog is
erythromycin), penicillin, sulfonamides, tetracyclines,
and streptograms (virginiamycin in animals, human
analog is quinupristin/dalfopristin). Antibiotics that are
commonly used in human medicine are not alowed to
be used as antimicrobial growth promotersin Europe.

Thereisno validated antibiotic use reporting
system in the United States, nor are there been
validated estimates of quantities of antibioticsused in
food animalsin United States. Establishing such a
reporting system is ahigh priority action item in the
United States Interagency Action Plan for combating
antimicrobial resistance.

Two groups have provided recent estimates of the
quantities of antibiotics used in food animals. The
Animal Health Ingtitute, which represents
approximately 80% of the manufacturers of animal
drugsin the United States, has published a summary of
the quantities of antibiotics used in 1999 based on a
survey of their member companies (http://
www.ahi.org). This summary islaudable because it
represents the first report by animal drug companies
on the quantities of antibiotics used in the United
States and suggests that gathering of animal drug use
information in the United Statesis neither burdensome
nor impractical. Unfortunately, no details are provided
on the survey methodology; no information is provided
on the number of companies surveyed, the number of
respondents, or the questionsincluded in the survey.
Furthermore, few details are provided in the survey
summary; the dataare not stratified by animal species,
intended uses, types of antibiotics, etc. Results of the
survey are difficult to interpret for severa reasons. The
Animal Health Institute follows the American
Veterinary Medical Association definition for
therapeutic antibiotic use; including al disease
prevention usesin therapeutic use. Therefore, although
the survey reports the quantity of antibiotics used for
»growth promotion,” in the United Statesin 1999, this
guantity cannot be compared to quantities of antibiotics
used for growth promotion reported in Europe because
the definition of growth promotion usein Europeis
broader than the definition used by the Animal Health
Ingtitute. In September 2002, the Animal Health
Institute issued a press rel ease describing the summary
results from a additional membership survey of the
quantity of antibiotics, this one conducted used in
2000; few details are provided (http://www.ahi.org).
The new survey reports asmall but important declinein
the use of antibioticsin food animals compared to
1999. A thorough independent review of these findings

would be very useful, particularly because several food
animal companies have announced voluntary reductions
in nontherapeutic antibiotic use.

The Union of Concerned Scientists has published
an estimate of the quantities of nontherapeutic
antibiotics used in the United Statesin arecent
publication entitled ,Hogging it* (http:/
WWW.UCSUSa.0rg); to enable comparison to other
countries, including those in Europe, short duration
disease prevention uses are not included in their
estimates.. This report provides detailed estimates of
the quantity of nontherapeutic antibiotics used in the
United Statesin the cattle, swine, and broiler chicken
industriesin 1999, and a compares these estimates for
the quantities used in 1985. Although the estimates
have not been validated, the report provides a detailed
explanation of the methods used to derive estimates.
The Union of Concerned Scientists derived the
estimates by using a combination of available datafrom
the United Stated Department of Agriculture on the
number of animals on farms and slaughtered each year
in the United States, and published reports of surveys
conducted of cattle and swine farms describing how
nontherapeutic antibiotics are used. Estimates of which
nontherapeutic antibiotics are used on chicken farmsis
derived from expert opinion. The report divides that
number of animals on farmsinto several commonly
used stages (i.e., starter, feeder, finisher) of production
using the United States Department of Agriculture data
and allocates the animals, using the survey and expert
opinion, to various nontherapeutic antibiotic use
patterns; not all animals are assumed to receive
nontherapeutic antibiotics. The dose of nontherapeutic
antibiotics used in the animal feed during each
production stages is derived from the label indications
of the antibiotics approved by the United Stated Food
and Drug Adiministration. Again using United States
Department of Agriculture data, the number of daysan
animal staysin each production stage and the amount of
feed consumed is determined. Estimates of the quantity
of nontherapeutic antibiotics used are derived for the
animal's on each nontherapeutic use regiment by
multiplying the number of daysin each production
stage, by the amount of feed consumed and the dose of
nontherpeutic antibiotic in the feed. A final estimate of
the quantity of nontherpeutic antibiotics used in each
industry is derived by summing the usesfor each
nontheraputic use regiment.

There are approximately 35 million cattle
slaughtered each year in the United States, of which
approximately 30 million cattle are fed in feedlots
prior to slaughter. Cattle are given limited amounts of
antibiotics prior to arrival in feedlots. Depending on
the age and size of cattle when purchased, cattle spend
various amounts of time in feedlots. Cattle typically
spend approximately 145 daysin afeedlot, but may
spend up 235 daysin feedlot. While in afeedlot, most
cattle are feed nontherapeutic antibiotics for growth
promotion and disease prevention (e.g., prevention of
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liver abscesses). Antibiotics commonly used
nontherapeutically in cattle in feedlots in the United
States include monesin, lasalocid, clorotetracycline,
oxytetracycline, and tylosin; chlorotetracycline and
oxytetracycline, and an anlog of tylosin (erythromycin)
are commonly used in human medicine. The Union of
Concerned Scientists estimated that approximately
1,600,000 kilograms of antibiotics were used
nontherapeutically in cattle in the United Statesin
1999, of which 40% were antibiotics commonly used
in human medicine. For comparison, an estimated
1,200,000 kilograms of antibiotics were used
nontherapeutically in cattle in the United Statesin
1985.

There are approximately 100 million swine
slaughtered each year in the United States. Piglets are
commonly weaned at 14 to 21 daysin the United
States, and spend approximately 40 days as ,, weaner"
pigs, 40 days as,, feeder” pigs, and 90 days as,, finisher"
pig; pigs are commonly slaughtered at approximately
185 days of age. Antibiotics commonly used
nontherapeutically in swinein the United Statesinclude
bacitracin, chorotetracycline, oxytetracycline, and
tylosin; each of these antibiotics are commonly used in
human medicine. The Union of Concerned Scientists
estimated that approximately 4,800,000 kilograms of
antibiotics were used nontherapeutically in swinein the
United States in 1999; of which 90% were antibiotics
commonly used in human medicine. For comparison,
an estimated 5,000,000 kilograms of antibiotics were
used nontherapeutically in swine in the United Statesin
1985.

There are approximately 7,800 million broiler
chickens daughtered each year in the United States.
Chickens are commonly slaughtered at approximately
42 days of age. Antibiotics commonly used
nontherapeutically in chicken in the United States
include virginiamycin, monesin, roxarsone,
bambermycin, lasalocid and lincomycin; an analog of
virginiamycin (dalfopristin/quinupristin) and
lincomycin (clindamycin) are commonly used in human
medicine. The Union of Concerned Scientists
estimated that approximately 4,700,000 kilograms of
antibiotics were used nontherapeutically in chickenin
the United Statesin 1999, of which 10% were
antibiotics commonly used in human medicine. For
comparison, and estimated 1,600,000 kilograms of
antibiotics were used nontherapeutically in chickenin
the United States in 1985; the remarkable increasein
nontherapeutic antibiotic use in chicken reflects the
large growth of the industry during this period.

The Union of Concerned Scientist also estimated
that 1,300,000 kilograms of antibiotics were used
nontherapeutically in food animals other than cattle,
swine or chickens (e.g., turkeys, sheep) in the United
Statesin 1999. Taken together, an estimated
12,300,000 kilograms of antibiotics were used
nontherapeutically in food animalsin the United States
in 1999. Furthermore, the Union of Concerned

Scientists estimated that approximately 700,000
kilograms of antibiotics were therapeutically used in
food animalsin the United Statesin 1999. Therefore,
the Union of Concerned Scientists estimated that
approximately 13,000,000 kilograms of antibiotics
were used in food animalsin the United Statesin 1999.
Alternatively, the Animal Health Institute estimated that
9,000,000 kilograms of antibiotics were used in food
animalsin the United Statesin 1999.

Despite the variations in the estimates by the
Union of Concerned Scientists and the Animal Health
Ingtitute, it is clear that the quantity of antibiotics used
infood animalsis vast. Furthermore, the Union of
Concerned Scientists estimates that over half of the
nontherapeutic antibiotics used in food animalsin the
United States are antibiotics commonly used in human
medicine; antibiotics used in human medicine are not
allowed to be used for growth promotion in Europe.
The Union of Concerned Scientists also provides
evidence that the quantity of antibiotics used
nontherapeutically in chickens has remarkably
increased in the past two decades. To combat increasing
antibiotic resistance, the misuse and overuse of
antibiotics needs to be reduced. Restrictions on certain
antibiotics uses are scientifically justified and will
protect the public health.

There are severa strategies aimed at reducing the
misuse and overuse of antibiotics used in food animals.
Recently, several companiesin the United States, citing
consumers concerns about antibiotic resistance, have
voluntarily announced their intention to only purchase
chicken rai sed without the nontherapeutic use of
antibiotics that are used in human medicine. These
companies include Kentucky Fried Chicken, Subway,
Hardees, Dominos, and Dairy Queen; Kentucky Fried
Chicken isthe single largest purchaser of chickenin
the United States. Furthermore, several poultry
companies have also announced their intention to raise
chickens without the nontherapeutic use of antibiotics
that are used in human medicine. These companies
include Foster Farms, Perdue and Tysons. In addition to
voluntary actions, the United States Food and Drug
Administration has initiated a new process for
evaluating and ensuring the human safety of antibiotics,
including growth promoters, for usein food animals.
Each antibiotic will be evaluated on an individual basis,
taking into account its importance in human medicine
and the extent of human exposure that would result
from the proposed animal use. The proposed process
for conducting this evaluation is complex and reliesin
part on pre-approval studies and post-marketing
surveillance to evaluate potential and documented
human health hazards. This process, if implemented in
an appropriate and timely manner, has the potential to
offer equivalent public health protection as the current
European ban on the use human antibiotics as growth
promoters. In addition to these voluntary and regulatory
actions, there are also currently billsin the United
States House of Representatives and Senate that, if
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enacted, would amend the Federal Food, Drug, and
Cosmetic Act to prohibit the nontherapeutic use of
human antibiotics in food animals. Such action would
ensure that the nontherapeutic use of antibioticsin
food animals does not compromise human health by
contributing to the development of antibiotic resistance

Thereisaso aneed to conduct research to
determine the consequences of nontherapeutic
antibiotic usein food animals. Conducting such
research isahigh priority itemin the United States
Interagency Action Plan to combat antibiotic
resistance. The Centersfor Disease Control is
collaborating with several partnersto foster applied
public health research in this arena; currently two
Cooperative Agreements have been established with
Schools of Veterinary Medicine to compare the
consequences of raising pigs without nontherapeutic
antibioticsin condition of modern husbandry. The
National Pork Board has also recently funded research
on aternatives to antimicrobial growth promoters.
Among the important new research isareport of alarge
clinical trial conducted by Dritz et. a (JAVMA
2002;220(11)1690-1695). Results from thisresearch
suggest that use of antibiotics for growth promotion
should be limited to the nursery phrase (i.e., early
period in the weaner stage) in pig production; use
during the finishing pigs did not improve growth.
According to the Union of Concerned Scientists report,
the majority of nontherapeutic antibiotics used in swine
in the United States are used in finishing pigs. There
have also been several recent economic analyses asto
what would be the consequence if the use of growth
promoter antibiotics were to be discontinued in the
United States. These studies have not been highly
useful for several reasons. The recent studies over-
estimate the average daily gain for each pig, often using
arate of 5%; it isnot clear that pigs or poultry will
achieve such increasesin weight gain in conditions of
modern husbandry. Further researchisclearly needed
on the consequences of no longer using medically
important antibiotics to promote the growth of food
animals.

Conclusion

Compelling scientific evidence indicates that
the use of antibioticsin food producing animals can
lead to adverse public health consequences due to
emergence of resistant bacteriathat can be transmitted
to humans through the food supply or direct contact
with animals. An area of particular public health
concern has been the prolonged feeding of antibiotics
in low doses to animal s as growth promotants.
Comparing the patterns of antibiotic use in various
countries or regions would be useful to understand the
epidemiology of antibiotic resistance. Animportant
barrier to the comparison of the patterns of use of
antimicrobial growth promotersin United States with
the pattern of use in elsewhere, including Europe, are
the definitions used to describe how antibiotics are
used in the United States. An additional important

barrier is the absence of validated antibiotic use
information; absence of such data makesinterpretation
of human surveillance data complex and requires a
more conservative approach to antibiotic use in food
animals. The two recently available estimates of the
patterns of antibiotics used in food animalsin the
United States demonstrate that the quantity of
antibiotics used in food animalsin the United Statesis
vast. Thereisaneed for amore precise antibiotic use
reporting system in the United States for antibiotics
used in food animals. Precise antibiotic use datais vital
for monitoring voluntary and non-voluntrary actions
aimed at reducing the misuse and overuse of
antibiotics, and thereby combating increasing antibiotic
resistance.
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17. Use of antimicrobial growth promoters — does it
play a role in combating malnutrition in the

developing world?

Dr Peter Collignon

Clinical Microbiologist and Infectious Diseases
Physician, Microbiology and Infectious
Diseases Unit, The Canberra Hospital,
Australia.

Abstract

Daily protein intake remainsinadequate in many
countries. It hasbeen argued that because antibiotics
increase meat production when routinely added to
animal feed, thiswill thereforehelp alleviate protein
malnutrition. In developing countriesany increasein
meat production however isvery unlikely to lead to an
increasein proteinintake by most of thosewho are
mal nourished. The poor currently consumelittle or no
“industrialized” meats. Unlesstheirincomesrise
substantially they arealso unlikely to have accessto
these meatsinthefuturebecausereatively “ vegetals”
will continueto be much cheaper asacalorieand
protein source. In addition most of the poor liveinrural
areaswith poor infrastructure, which meansthey will
also not be ableto accessthese“industrialised” meats.

Many assume that antibiotics produce a10% growth
improvement in“industrialised” meat production.
Thereforethe expected effect on the dietary intake of
protein of apopulationif growth promoterswere not
used can be estimated. If we assumethat antibioticsare
used in al poultry and pork production, then their
cessation would resultinafall in proteinintake of 0.5 g/
d per person when all developing countrieswere
grouped together (or 0.7% of total proteinintake; 1997
FAO intakefigures). Average daily intake would have
been 66.5 g/d (well abovethe WHO/FAO recommended
minimum of 50 g/d). Itisalsolikely in developing
countriesthat theweight gain benefitsinanimals
receiving antibioticsare 2% or less, and that all poultry
and pork do not receive them. Therefore any resultant
decreaseindietary proteinintake would be muchless
than 0.5 g/d.

In developing countriesthosewho arerel atively
more affluent purchaseand eat “industrialised” meats.
Theintakeof “industrialized” meatsis associated with
anincreased fat intake. Thisislikely to contributeto
obesity, whichisthecurrent major nutritional problem
inmost devel oping countriesrather than mal nutrition.

In conclusion thereisno evidencethat the use of
antibiotics asgrowth promotersin food production
animalsleadsto improved health inthe poor (or the

mal nourished) by increased dietary proteinintakein
these people or helpsthem economically. Thispractice
however doesincrease the exposure of the human
popul ation to antibiotic resistant bacteria.

Improved meat production in developing
countries; does it help malnutrition?

In developing countriesthereremain large numbers
of peoplewho are malnourished and suffer from protein-
energy deficiency. Animal products(meatsand milk)
have been regarded as one of the best ways of
overcoming this problem because meat hasamuch
higher protein content compared to vegetal products.
Therefore practicesthat promote meat production (such
asantimicrobial growth promoters) are believed to
improve protein production and therefore alleviate
mal nutrition in devel oping countries.

Poultry and pork are the main livestock in which
continuousin-feed antibioticsare used (for growth
promotion and for prophylaxis). Most cattle and sheep
in developing countries are rai sed on grasslands and so
do not receive antibioticsasin-feed additives.
Antibioticsare used in aguaculture but very limited data
isavailable. Thereforein evaluating the potentia value
of continuousin-feed use of antibioticsin developing
countriesasgrowth promoters, thisreport hasfocused
on poultry and pork production. Pork and chicken
meats have had the largest increasesin both meat
production and consumptioninthelast 40 yearsin
devel oping countries (over 500% increasein supply per
capitasince 1960).

Do antibiotics still work when used as growth
promoters?

Thereisan assumption that significant weight gains
inanimalswill result from thein-feed use of antibiotics,
especially indeveloping countriesand it isoften
assumed to be about 10%. However it remainsunclear
how much (if any) decreasein production of meatswill
resultif antibioticsarenot used routinely asin-feed
additivesin “industrialized” meat production. There
have never been any double-blind, placebo controlled
trailson theuse of continuousin-feed antibioticsfor
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growth promotion even in devel oped countries. The
benefits of antibioticsremain based primarily onabelief
of efficacy rather than on any recent data. Published data
from developed countries often shows no benefit. Data
from pharmaceutical companiesontheir own products
show weight gain benefits of 2% or less (JETACAR
1999) and the benefitsfrom competitors' products
usually only show minimal or very small increasein
weight gain compared to controls(eg 0.2%).

In Denmark all poultry manufacturersvoluntarily
ceased all in-feed use of antibioticsin February 1998.
Chicken production has not suffered economically asa
result. Meat production and chicken weightswere
maintained, aswas output of chicken meat per square
meter of pen size (Emborg et a, 2001). Theonly
economic parameter that worsened without antibiotic
use wasthe very small amount of extrafeed that was
used. The FCE increased by 0.9% (0.016 kg/kg).
Antibioticsalso do not usually improve mortality in
developed countries (eg mortality rate 3.9%in controls
comparedto 4.8% in broilersonvirginiamycin;
JETACAR 1999). In Denmark therewas no increasein
mortality when in-feed antibioticswere no longer used
inpoultry (Emborg et al, 2001).

Datafrom developing countriesis much more
limited. Because animalsmay beunder greater stress
(poor food suppliesor heat), it isoften assumed that
weight gain benefitswill bemuch greater in these
countries. Datawas submitted from some devel oping
countriesto WHO following the“ call for data” which
preceded the Oslo meetingin 2001. Unpublished
studiesinvolving over 5 million chickensby poultry
producersin Brazil suggeststhat theweight gainsare
variable and at most about 2%. In one study no weight
gain with antibiotics occurred compared to controls (-
1.9% wt gain) although therewas adight improvement
infeed efficiency (0.5%) and mortality (0.6%). One
small study from Indiasuggests that a 9% weight gain
can occur with antibiotic use (Mohan et a 1996).
However inthislatter study thefina weigh of the
chickensat 6 weekson antibiotics (1141 g) wasonly
about half theweight of chickensreared without
continuous antibioticsin devel oped countries (eg
Denmark) or in Brazil.

WHO/FAO recommendations for daily protein
requirements

Inthe devel oping world cal orieintake hasincreased
markedly inthe last 30 years and now exceeds
recommended minimum intakesfor anindividual (2,100
caloriesper day) inmost countries. Proteinintake
however isstill below recommended levelsin many
countries. Theaverage proteinintakefor adultsina
population should exceed 50 g/day (or >0.8 g/kg/day;
WHO 1997).

Mal-distribution of foods

In most developing countriesthereisan uneven
distribution of foods between different segmentsof the
population. Thoselivinginrural areasare morelikely
to be malnourished than thoselivingin cities. Rural

areas are where most of the poor and malnourished in
developing countrieslive. Generaly thosewho livein
citiesaremoreaffluent and generally better feed.
Indeedinamost al devel oping countriesthereare
already substantial numbers of the population who are
obese and obesity levelsarerapidly rising (both adults
and children).

WHO and othershave now identified obesity asone
of the major health problemsin most devel oping
countries(WHO 1990 “Diet, Nutrition and Prevention
of Chronic Diseases’). Relatively small increasesin
income are associated with largeincreasesin animal
product consumption and obesity. Increased intakes of
sugars and saturated fats are magjor factorsin theserising
obesity rates (and the health problems associated with
obesity - cardiac disease, diabetesand some cancers).

Inthe WHO report on thisissueimportant points
that were madeinclude;
- food of animal origin are no longer viewed as
dominant itemsin an optimal healthy diet
both saturated fat and dietary cholesterol are
abundant in fatty products of animal origin
that plant food provides protein aswell as numerous
vitaminsand minerals

“Authoritiesin devel oping countries are cautioned
not to imitate agriculture, farming, thefood production
and promotion policiesthat were designed to emphasis
the production of animal products and are based on
nutritional knowledgelong sinceoutmoded. The
difficulty of altering such policies now apparent in many
weadlthy nations, serve asafurther warning against their
introduction.”

The poor do not eat meat produced with
continuous in-feed antibiotics

70% of world' spoor liveinrura areas. Theseareas
usually have poor infrastructure, food distribution
networksand refrigeration. Thismeansthat little
“industrialized” meatswill be distributed and available
for salewherethese peoplelive. They thereforedo not
have accessto these types of meats. The malnourished
and poor inthese countries eat and consumevery little
(aninmost casesnone) of the“industrialized” meats
that are produced in those countries. What chicken and
pork the poor do eat inrural areasisusually locally
produced from animalsthat eat by scavenging.
Continuousin-feed antibioticsare not used inthe
production of theseanimals.

Mostif not al “industrialized” meatsthat are
consumed within devel oping countriesare sold and
eatenin or near cities. Thevast mgority of these
“industrialized” meats are being eaten by therelatively
affluent in those countrieswhose major nutrition
problemisnot malnutrition but rather obesity. Therefore
evenif the continuousin-feed use of antibioticsin these
countries was banned and there was adecreasein
production by as much as 10% of “industrialized” meats,
thenthisisnot very likely to cause malnutritionin any
segment of the population.
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The poor are “sellers’ of meats rather than
“buyers’ or consumers. Most cereals are about 15% of
the price of meat for the same calorie value. Therefore
the poor will buy cereals rather than meats as foods
while money remainsin short supply. Meatsare
regarded as“luxury” items. The poor therefore do not
have access to these meats because of income
constraints. In devel oping countries the consumption
of meat is“demand” driven and income dependent.
Significant quantities of meat are not purchased and
consumed until people have enough money to afford
them. This does not occur until people have already
passed minimum protein and calorie intakes through
the intake of cereal and other vegetal products.
Improved access to meats is dependent on increasing
theincome of the poor rather than increasing the
supply of meat.

Thecontribution of “industrialized” meatsto
improved nutritioninanationisnegligible

Poultry and pork arethemain “industridized’ meats
produced in developing countries. FAO (Food and
Agriculture Organization of the United Nations) data
can be used to evaluate the contribution of each of
these meatsto a nation’ s nutrition (FAO 1997 data).
The effects that removing the use of antibiotics as
growth promoters may have in developing countries can
be estimated using the FAO nutrition database. For the
purposes of these calculationswewill makean
assumption that al poultry and pork produced receive
in-feed antimicrobial sand thegrowth promotion effect
of thisis 10%.

If theseantimicrobial swerenot used, then total
daily protein intake of the population would fall by 0.5
g/dif productionfell by 10% (and thustheintake of
pork and poultry) when all devel oping countriesare
combined. Thishowever representsonly a0.7%
reductionindaily proteinintaketo 66.5 g/d. Fat intake
would also fall, but by alarger amount (1.1 g per day or
1.8%).

In no developing country would removing 10% of
“industrialized” meat production shift the protein intake
down to levelsthat would be deleterious a population’s
nutrition (see table and figure). In those countries
where protein intake was already above 50 g/d, then the
per capita protein intake remained above thislevel. For
those countrieswith aproteinintake bel ow 50g/day,
then pork and poultry intakes are usually very small. A
10% drop inthispork and poultry intake therefore
makes almost no changeto the popul ation’ saverage
daily proteinintake. Thelargest effectswereseenin
countrieswherethere are already high averagedaily
protein intakes (eg Chinaand Argentina).

Itismorelikely that inthese countriesthe weight
gainsbenefitsinanimalsfromin-feed antibiotic useare
2% or lessrather than the 10% assumed and al so that
not all pigsand poultry will have received these
antibiotics. Thereforetheresultant loss of proteinintake
if antibioticswere not used would be much lessthan
even these modest decreasesin intake estimated above.
If only a2% weight gain occurs with antibiotic use and
only half theanimalsreceived antibiotics, thenfor “all
developed countries’ combined thefall in proteinintake
would have been only 0.05 g/d (or 0.07% of daily
proteinintake).

Theuse of in-feed antibiotics may contributeto an
adverse effect on nutritioninacountry. Thesegment of
thepopulation that iscurrently eating most of this
industrial meat production (and their high content of
saturated fats) has a problem with obesity rather than
protein-energy malnutrition. Decreasing the supply of
“industrialized” meat by 10% should lead to adecrease
inoverall consumption of meat by asimilar amountin
the population. If pork isamajor component of this
industrialized meat production, then a10% decreasein
meat intake will be associated with amuch greater
decreaseinfat intake comparedto thefall in protein
intake. In Chinain 1997 therewasa26.6 g daily intake
of fat from pork compared to an 8.6 gintake of protein.
Therefore every 1 g of proteinintakefrompig meatis
associated with amuch larger intake of fat (3.1 g).

The Total daily protein intake of the population
in countries with low protein intakesa (<50 g/d in
1997) with and without antibiotics used as
growth promoters

60

BDwith
antibiotics

Bwithout
antibiotic use
as GPs
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Table; Meat Supply changesin devel oping countriesif antibioticswer e not used (1997)

1997 DAILY Pig meat Poultry Grand Pig meat plus 10% of Grand Total if no % fall in
PROTEIN Meat Total poultry  pig/pork  Antibiotics used protein
INTAKE intake
Angola 0.8 0.4 405 1.2 0.12 40.38 0.3
Brazil 2.3 76 764 9.9 0.99 75.41 1.3
China 8.6 28 776 11.4 1.14 76.46 1.5
India 0.2 0.2 59.2 0.4 0.04 59.16 0.1
Indonesia 0.9 1.7 665 2.6 0.26 66.24 0.4
Mexico 3.1 53 825 8.4 0.84 81.66 1
Thailand 19 53 53.6 7.2 0.72 52.88 1.3

The use of in-feed antibiotics may harm the
poor economically

Theuseof in-feed antibioticsislikely to harmthe
poor economically in developing countries because they
will likely receivelower pricesfor their livestock, they
may pay higher pricesfor cerealsand theremay beless
employment intheagricultural sector.

Thepoor areusually “sellers’ of meatsrather than
“buyers’. Large-scaleindustrial meat production leads
to an increased supply of meatsin acountry. When
supply significantly increases, then priceswill usually
fall. Thismeansthat overal the poor arelikely to
receivelower pricesfor their animals.

The price of meat will however not fall low enough
so that the price now becomes comparableto cerealsas
asourceof calorieintakeintheir diet. Most cerealsare
about 15% of the price of meat for the samecalorie
value. Thereforethe poor will buy cerealsrather than
meats asfoodswhile money remainsin short supply or
unlessthe price of meat dropped by about 85%. Lack
of income by the poor thereforewill still usually
preclude meatsasasignificant dietary source of protein.

In the market place thereisnot a“level playing
field”. Fromafinancial perspective, tax breaksare
often giventotheindustrialized sector aswell as
subsidies. Alsoinfrastructure support (eg roads, water
etc) are usualy built and paid by government. This
means that the animals produced by the “industrialized”
sector can reach marketsmore easily and be sold for
lower pricesin the market place than would be the case
without these subsidies. Theselower pricesare of
benefit to consumers. However it also meansthat lower
pricesarereceived for theanimalsthe poor sell inthe
same market. The poor however do not usually receive
any of thesesubsidies.

The poor however may haveto pay higher pricesfor
ceredls, which aretheir main nutritional intake. Poultry
and pork in “industrialized” production need a
predictable supply and good quality cerealsfor feed.
Many of these cerealshowever can bethe samefoodsas
the poor eat. The poor are“buyers’ of cereals. Because
thoseinthe“industrialized” meat sector area so buyers
of cereals, therewill therefore be more“demand”.
Higher pricesarelikely toresult, unless* supply” also
increases.

Increased employment inthe“industrialized” meat
sector isnot likely to significantly reduce poverty levels.
Whiletherewill be someindividualswho will find jobs
inthissector, overall however therewill beless
employment inthefarm sector. Thisisbecausethe
“industrialized” meat industry isacapital and energy
intensiveindustry rather than labour intensive.

In conclusion thereisno evidencethat the use of
antibioticsasgrowth promotersin food production
animalsleadsto improved health in the poor (or the
mal nourished) by increased dietary proteinintakein
these people or helpsthem economically. Thispractice
however doesincrease the exposure of the human
popul ation to antibiotic resistant bacteria.
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ABSTRACT

In Sweden the use of antimicrobialsfor growth
promoting (AMGP) was banned 1986. No negative
clinical effectswerereported asaconsequenceof the
ban in production of fattening pigs, specialised beef, and
turkey or in egg production (layers). Inthebroiler
chicken production expected problemswith necrotic
enteritiswere prevented largely by acontinuous use of
antibiotics during thefirst two years after the ban.
Following theimplementation of resultsfrom research
during that period the general usage of antibimicrobials
could be stopped and expected problemswith outbreaks
of necrotic enteritiswas prevented.

Inweaner pig production significant clinical
problems emerged which created ademand for
antibiotic-medi cated feed at therapeutic dosages. During
the subsequent four-year period the use of antibiotics
increased, involving up to 75 % of the pigs. That use
then decreased because of improved management, and
could be halved in 1993 followed by agradua further
decrease supported by the addition of zinc oxideto the
feed. In 1998, compared to 1994 that use of zinc had
decreased by 90 % and in 1998/9 only 5 % of the
weaned pig producing herds used antibiotic medicated
feed and 17 % used zinc.
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Fig 1: Total saleof antimicrobialsfor animal usein Sveden

It has been shown that under good production
conditionsit ispossibleto reach good and competitive
production resultsfor therearing of poultry, calvesand
pigswithout the continuous use of AMGP. Asaresult of
the ban, focus on disease prevention and correct use of
antimicrobials, thetotal use of such drugsto animalshas
decreased by approximately 65 % during thelast 15-
year period. A relatively low prevalence of
antimicrobial resistance has been maintained.

INTRODUCTION

Antimicrobial growth promoters (AMGP) have been
banned in Sweden since 1986. This paper summarizes
the experiences gained of the ban.

MATERIAL AND METHODS

Thematerial and methods are previously presented
(Wierup 2001). Anofficia inquiry has presented the
scientific base for the ban asrequired by the EU
Commission (SOU 1997). These publicationsgiveall
significant dataand referencesinvolved. In order to
[imit thispresentation no additional referencesare
included apart from main source of recent data
(SWARM 2001).

RESULTS

Broiler production

Theintroduction of AMGPinthe 1970sa most
eliminated problemswith necrotic enteritis. A ban of
AMGP was consequently foreseen to haveclinical
consequences dueto that disease.

Effortsincluding research were undertaken to find
waysto control necrotic enteritisin the absence of
AMGRP. It was concluded that many factors such asthe
construction and climate of stables, hygiene, manage-
ment and feed could contributeto the outbreak of
necrotic enteritis.

Theresultsand experiences gained were
continuously implemented. The most important change
wasto reducethe protein content inthe feed. Cases of
necrotic enteritis cantoday often berelated to overriding
therecommended level of proteininthefeed. Strong
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emphasiswas placed on improving animal environment
because many diseasesincluding necrotic enteritishave
amultifactorial background. Notably airflow wasoften
inadequate, which affected animal health negatively.

The ban was implemented too quickly. Enough time
to adjust to the new situation was not given. About 90%
of broiler chickensweretherefore continuously treated
with virginamycin at adose of 20 ppm during thefirst
year of theban and in 1987 the corresponding treatment
frequency was 100%. Prior to the ban virginamycin was
dosed at 10 ppm.

During 1987 atwo-day treatment with phenoxy
methyl penicillinin drinking water largely replaced the
use of virginamycin. Theamount of antibioticsused for
treatment of necrotic enteritis subsequently decreased
from about 2 tons of virginamycinin 1987 to 100 kg of
phenoxy methyl penicillinin 1988. From 1995 the
amount of antibioticsto prevent or cure outbreaks of
necrotic enteritisisnegligible, and today tylosinisused
when outbreaks occur.

It should be noticed that coccidiostats of the
ionophoretype now used have antibacterial effectsand
act prophylactically against necrotic enteritis. It isalso
found that so far the use of theionophoresisneeded to
control outbreaks of necrotic enteritis. However, despite
this, the sanitary situation of broiler chickenrearing
gained in Sweden would not have been reached without
theabove-mentioned enforcement.

Contributing to the successful adaptation to the new
situation in 1986, and to the continuously ongoing
effortstoimprove animal health wasthe creation of a
classification systemfor breeding farmsand production
farms. A bonusisgiven for good animal management
and care. The basic allowed population density in
chicken productionis 20 kg/ m2. Producerswho satisfy
specified requirementsare permitted alimit upto 36 kg /
m?. The best growers can be rewarded, while growers
withlow standards areforced out of business.

Thecontrol of salmonella, started already in 1970,
aswell astheeffortsto control also theintestinal
colonisation by campylobacter, started in 1987, were
certainly also of importancefor the adaptation. These
controls haveimproved the general health situation and
alsofacilitated further organised actions. Thefact that
the poultry and especially the chicken producersonly to
avery limited extent have been covered by subsidies and
economic guarantees, in contrast to other sectorsof the
animal production isprobably also of importance. They
were used to afree market situation and had to be
responsiblefor their own economy.

Therelatively low number (200) of chicken
producersat thetime of the ban alsofacilitated
organised and fast actions. They generally dsohad a
relatively uniform production system. Their annual
production was 37 million chickens. Thishasincreased
100%to 73 millionin 2001 whilethe producershave
decreased to 175.

Turkey production
Asfor thebroiler production the AMGPwerebefore
1986 used as aprophylactic agent against necrotic

enteritis. However, no clinical problemswas observed as
aresult of theban

Egg production

No AMGPwere used in egg production at thetime
for the ban, which consequently did not influence
production. Neither istheanimalstreated with
coccidiostatsduring the egg production period. Pro-
blemswith coccidiosis, which may occur during the
growing stage, are usually concentrated to farmswhere
thelevel of animal hygieneisnot satisfactory. The
availability of vaccine against coccidiosis hasreduced
theneed of coccidiostatsinfloor raising of laying hens.

Pig production

Before 1986 practically all pigletsweregiventhe
AMGP, fromthe start of their feeding period until
delivery to thefinishing unitsat an age of 10-12 weeks.
Thereafter asfinishing pigs, they weregiven AMGP
(avoparcin or virginamycin) until slaughter at the age of
about 7 months.

The ban on AMGP did not create obvious clinical
problemsfor finishing pigs, whichin 1984, consumed
7.8tonsof activeingredient of virginamacin. Since 1997
the mean daily weight gain in herdsjoined to production
control systemsisabove 850 gramsand not known to be
larger in countrieswhere AM GPwere used.

However, for theweaner pig production, significant
problemsinitially emerged following the ban. The post-
weaning mortality during thefirst year after the ban was
significantly higher, about 1.5 percentage units
compared with 1985. Similarly, theageat 25 kg
increased by 5-6 days. An extended rearing period after
thebanisstill also obviousfromthe National Pig
Record by which the age of pigstested at 30 kg
increased by about two daysfrom 1986 and onwards.

In contrast to the broiler chicken sector, the pig
sector did not generally continueto useantibioticson
prescriptionin therapeutic doses. The use of olaquindox
to weaning pigswastherefore reduced by 82% from
198501986 and by 33% from 1985 to 1987. However,
more antibioticswerelater prescribed and thetotal
amount used during 1988 and 1989, was 5 to 6% higher
thanin 1985. Considering that the dosage prescribed
from 1986 was about threetimes higher thanthe AMGP
dosage employed previously, asmaller fraction of
weaning pigs was treated with olaguindox after the ban
or 12%in 1986, 55%in 1987, 75%in 1988 and 76%in
19809. Thereafter the use was continuously reduced and
in 1993 it was 35%. From 1993-94 afurther reduction
occurred supported by theintroduction of zinc oxide
(seebelow). In 1995 the proportion of pigstreated with
olaquindox was 12%.

Inastudy from 1994 it was concluded that the
prescription of medicated feed to weaning pigswas
clinically motivated and followed recommended guide-
lines. It was al so found that the need for medicated feed
differsmarkedly between herds depending on housing
and management systems. The production resultswere
related to the degree of segregated rearing systemsand
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thelevel of hygiene. In herdsrearing post-weaning pigs
on deep litter bedding both segregation and degree of
hygienewas better and the use of antibioticsthreeto
four timeslower than in herdswith pigsintraditional
post-weaning pens. Emerging clinical problemscould
not be prevented through single prophylactic actions. In
many cases, morethorough changesin production
planning and in housing were needed.

Following the AM GP- ban, numerous measuresare
continuously being undertaken to optimisethefeed and
rearing and production system with thefocuson
receiving sectioning, age grouping and planned
production. New rearing systemswere created, as
weaning of piglet on deep litter bedsin large groups and
asystem, which is based on production in the same pen
from birth to slaughter. The adjustment of old buildings
toimproved production system isexpensive and until
thisis performed antibioticsare used to combat weaning
diarrhoeain exposed herds. It isalso found that the use
of antibiotics prevents|ow production resultsin such
herds.

Veterinary guidelinesfor prescription of antibiotics
weredeveloped 1990. It isemphasised that prescription
should always be accompani ed by recommendationson
prophylactic measures. Education of veterinariansand
producerswasfollowed but intensive education of the
pig producers and veterinarians on how to prevent post-
weaning diarrhoeastarted up first during 1998/99. The
motivation at that timeincreased with the decreasing
payment to the producer dueto worldwide
overproduction.

Sincethe end of 1993 zinc oxide has been used to
prevent weaning diarrhoea as previously was employed
inother countriesin Europe. Zinc oxidewasfound to
have a preventive effect on weaning diarrhoeaequal to
the effect reached when using olaguindox. The use of
zinc became widespread but dueto actionstaken the
usage from 1994 to 1998 decreased by 90 %. During
1998- 1999 17 % of the piglet producersused zinc and
5% used antibioticsto weaner pigs. Thelaunch of a
programmefor intensive education of producersin
implementing optimal management conditionsat
weaning haslater further improved the situation.

It isevident that the best production result can be
gained without the use of AMGP. However, al herds do
not have optimum conditionsfor production.
Consequently, certain production results seen beforethe
AMGP- ban have still not been reached. A comparison
of datafor 1997 withthosefor thefirst year after the
ban reveal s post-weaning mortality to have decreased by
1-2 percentage units and the age at 25 kg to be reduced
by 3.5- 4.5 days. Thelossesin these production
parameters seen after the ban have thus not yet been
fully recovered on anationa base. However, the pro-
gressive producersreport better production resultsthan
beforetheban.

Therelatively slow start inintroduction of
compensatory actionsin theweaner pig production
compared with broiler production may reflect that the
pigindustry did not anticipated clinical problems

following the ban. In addition the number of the weaner
pig producers at thetime of the ban waslarge,
approximately 10 000 compared to 200 producers of
broiler.

Specialised beef production

Theuseof AMGPin specialised beef production
had voluntarily more or less cometo an end before the
banin 1986. Negativeclinical or other effectsasa
consequence of the ban have not been reported. None of
the AMGP used in calvesistoday used astherapeutics.
Guidelines have been worked out whenit isjustified to
treat al calvesin abatch instead of individual
treatments.

Use of antibacterial drugs

Thetotal usage of antibacterial drugsto animalsin
Sweden has been regularly studied since 1980 (Fig. 1;
Table 1). When AMGP was banned the use of
antibacterial drugsdecreased by 49% (24,8 tonnesfrom
1984t01986). During thefollowing yearsthetotal
usageincreased but wasthen, during 1988 to 1994,
stable at approximately 30 tonnes per year, alevel
approximately 35% below thelevel before the new
legislation wasintroduced. The consumption then
continuously decreased to 17.3 tonnesduring 2001, a
level approximately 65% |lower than the usage before
the AMGP- ban. Thisdecreaseisat |east of that magnit-
udewhen calculationsis measured by dose unitsinstead
of weight of active substance. The data are analysed and
e.g. presented as sales of antimicrobiasdividedinto
formulationsintended for treatment of individual
animalsand for group treatment. Defined daily dosefor
cows (DDDcow) hasbeenintroduced to facilitate
evaluation of data. The possibleinfluence of the ongoing
changein the animal production (e.g. decreasein pig
and increase in poultry) has not been fully evaluated.

CONCLUSION

Theresultsfrom Sweden have been confirmed
following in dept eval uations both domestically and on
aninternational basis. Morerecently, resultsfrom
withdrawal of AMGP have been reported also from
Denmark indicating that theresultsare of amore general
application.

A changein attitude towards amore prudent use of
antimicrobias, including withdrawa of AMGP and the
implementation of disease preventive measures, thuscan
result in aconsiderable decreaseinthe over all use of
antimicrobials. In Sweden that decreaseis morethan 60
% and similar results are also reported from Norway and
Finland. Thisdecrease should also decreasetherisk for
theemergenceof antibiotic resistant strains.

Theresultsalso demonstratethat it ispossibleto
achieve competitive production result without a
continuous use of the antibioticsas AMGP. However,
evenif astopped use of AMGP generally does not need
to be accompanied by increased production costsitis

Working Papers



Beyond Antimicrobial Growth Promoters in Food Animal Production

likely that thisinitially and to some extent also
permanently isthe case e.g. for the production of broiler
and weaner pigs. Thelatter attributes especially to
investmentsto optimise the management and well fare
necessary inthe absence of AMGP. Thisisalso conside-
red as a positive but challenging situation when opera-
tingin afree market.

Moativation of producersand veterinarianstowardsa
more prudent use of antimicrobialsshould be based on
education. It al'so seemsto be advisableto build up a
system with an economic incitement for the producer to
undertakeactions. Finally, an ever-ongoing surveillance
of antibiotic resistance and acontrol of the usage of
different antimicrobials, isfound necessary to enable
evaluation of theimpact of usage of antimicrobiasin
livestock production.
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Table 1. Total sale of antimicrobial drugs for animal use in Sweden (kg active substance).

Year

ATC vet code Substance class 1980 1982 1984  1986]  1988]  1990] 1992  19004]  19006] 1007  1oe8]  1ood  2000]  200q]
QI01A, QGOIAA retracycline's o819] 10768 12958 6585| 4eo1| 450 so2d 7730 2698] 2558] 2807 2251 17547 1453
QX1B [Chloramfenicols 47| 40 49 41 35 21 - - g - - - E
QIICE, QIOIR, QI51R |G-and V penicillins' 3222 4141 4vs| 59| 7143| 7414 744d] 10374] e8| 878l 854] 860 824 8and
QI0LCA, QIICR [Aminopenicillins 60) 249 714 540 655 738 837 941 835 841 824 sod e 752)
Q01D Other betalactam-antibiotics 9 o 2 - - - - - - 53 133 249 315 474
QI01G, QIOIR, QBIR,  JAminoglycosides so7a| 4776 5608 2885| 3104] 253 213  1e96| 1164] 1077 939 sag| 7’| 7m0
8?022& 07AB Sulphonamides 6600 4931 4328 3003 3072| 25100 236 2323|2108 2151 234 240 2338  24s
QUIE T rimetoprim and derivatives 134 147 186 197 250 272 284 352 339 352 300 3] a0 414
QIOIF Macrolidesand lincosamides 603 616 887l 1144| 1205| 1309 17100 1852] 1649| 17471 1846 1464 1352] 1510
QIIMA Fluoroquinolones | i i ~ 84 147 26 173 179 175 155 156 187
QIOIXX92, QIIXX94  [Pleuromutilins | » » - 124 229 268 465 1142 1094] 1033 8] siL 841
QI0IMB Quinoxalines 6250] 77000 9900] 1300] 7164] 5778 491 1904| 1098 534 - - - |
QIOIXX9L streptogramins 1 1 s 1610 1088 241 1279 600 525 283 150 129 - |
QPSIAA, QIOIBA Other substances” 861, 82|  1637] 1575| 1567 2304 1634 1764 - i - - - I
Not classified Feed additives® 830] 9370 700 80 - - - - - i - - - I

Total 41250| 43564 50549 25773| 30189 30274| 31043 30247| 20630| 19655| 19260| 18237 17079| 17295

1. Calculated as benzyl penicillin; 2.Mainly nitroimidazoles, QP5 1AA; 3. Substancesincluded are avoparcin, bacitracin, nitrovin, oleandomycin

and spiramycin; 4. Drugs marketed with special licence are included.; (Source : SVARM 2001)
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19. Animal health as affected by management
procedures in commercial pig production

Poul Beekbo, DVM, PhD
The National Committee for Pig Production
Danish Bacon & Meat Council

Summary

M ost diseases of importancein modern pig
production are of aninfectious nature. Whether infection
of ananimal causesdisease or not, isamatter of change
in the balance between infection pressure (1oad of
infection) on one side and theimmunity of theanimal
(resistancetotheinfection) ontheother side. Diseases
can be controlled in severa ways, of which elimination
of the pathogens (eradication) from the herd isby far the
most effectiveway. However, depending on the severity
of the disease problem, it might not necessarily bethe
most cost-efficient way. Other control measuresinclude
changesin management and housing conditionsto
eliminate known risk factorsand/or use of relevant
vaccines.

Today safe and reliable methodsfor the eradication
of several infectious diseases exist. The method of
partial depopulation seemsrelevant for some diseases,
whereastotal depopulation/repopulationisthe only
method for other diseases.

Optimal bio-security isof crucial importancefor
herdsto stay free form new and unwanted infections.
Remotelocation of farms, closed herdsor use of
guarantinefacilities, entry roomsand delivery facilities
for pigsfor daughter are central parameters.

When farmerswant to build new facilities, there
seem to be rel evant production systemsthat favour a
healthy production. The central words are batch
production (Al-AO) with aminimum of transport and
mingling of pigs, e.g. thewean-to-finish system.

Introduction

Control of diseasespresentsachallengefor pig
producersand for veterinary advisorsthroughout the
world. Most diseasesof importancein modern pig
production are of aninfectious nature. Whether infection
of ananimal causesdisease or not, isamatter of change
in the balance between infection pressure (1oad of
infection) on one side and theimmunity of theanimal
(resistancetotheinfection) on the other side. Thus, most
if not all effortstoreducethe prevalence of diseaseare
by changing thisbalancein direction of low infection
load and high immunity.

Diseases can be controlled in several ways, of
which elimination of the pathogens (eradication) from
the herd is by far the most effective way. However,
depending on the severity of the disease problem, it
might not necessarily be the most cost-efficient way.
Other control measuresinclude changes in manage-
ment and housing conditions to eliminate known risk
factors and/or use of relevant vaccines. Medical
treatment of diseased pigsis of course inevitable and
crucial, whereasin-feed medication as aroutine
control measure no longer seems the be an option due
to the potential risk of developing pathogensthat are
resistant to antibiotics, especially those that might be a
hazard to human health.

Inthefollowing, focuswill be on eradication, bio-
security, changein production systems, environment and
potential new production systems.

Eradication

Threedifferent principlesexist for elimination/
eradication of infectiousdiseasesat herdlevel. These
are:

1) Tota depopulation followed by restocking with
non-infected animals

2) Test and removal of infected animals

3) Eradication by partial depopulation

The methods 2 and 3 seem only relevant for farrow-
to-feeder or farrow-to-finish herds, whereastotal
depopulation seemsto bethe only relevant method for
finishing herds.

1) Total depopulation/repopulation (SPF
production; SPF = Specific Pathogen Free)

The SPF concept impliesthat al SPF pigsare born
free of some specificinfectionsand arekept constantly
isolated from other infected animals. In Denmark the
total depopulation method has been widely used since
1968 in the Danish SPF system, where herdsarefree
fromthefollowing infections:

Mycoplasma hyopneumoniae (M. hyo) (enzootic
pneumonia)
- Actinobacillus pleuropneumoniae (A.pp)
(pleuropneumonia)

- toxigenic Pasteurella multocida (atrophic
rhinitis)
Brachyspira hyodysenteriae (dysentery)
Sarcoptesscabiel (mange)
Hema-topinussuis (lice).
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During thefirst 10-15 yearsof the Danish SPF
programme it became obvious that quite many SPF
herds became re-infected with M. hyo apparently dueto
airborne spread of the microorganism. Asaconseguence
theso-called ,MS"* programme was launched in 1982 as
aparalld tothe SPF system. MSherdsareidentical to
SPF herds except for infectionswithM. hyo-. Inyear
2001 approx. 3700 herdswere run under the SPF/MS
programme, and out of these approx. 700 herds had
highest health status (SPF). Approx. 70% of the Danish
breeding and multiplying herds has an SPF or M S status.
These herds produce 75% of all breeding and
multiplying animals, which are offered for sale. The
SPF/M S programme has not received equal attention
among production herds. A pproximately 15% of
Denmark’ s production herds hold an SPF or M S status.
Of all pigsslaugh-tered, 22% are produced in herds
participating in thishealth programme.

Datafrom the Danish efficiency-control-programme
(E-kontrol) show, that as amean the productivity
(weight gain) is higher for finishing pigs from SPF
herds (842 g/day) and M S herds (831 g/day) that from
herds with a conventiona (unknown) health status (816

g/day) *.

2) Test and removal of infected animals

Thismethod has been successfully appliedin
Denmark for somerespiratory pathogens, e.g.
Aujeszky’ sdisease (Pseudorabies).

3) Partial depopulation

These proceduresincludetemporary changesinthe
production flow and are usually combined with a
strategic medication. They areaternativesto restocking
with SPF animals: they areless expensive owing to
reduced production | osses, and the genetic potential of
the breeding animalsis preserved. These methods have
been an area of strong interest through thelast 10-15
yearsin Denmark. Today, reliable methods have been
developed and tested for diseases|likeenzootic
pneumonia (M.hyo) , PRRS, dysentery and mange. The
estimated successrate of these methodsis80-90 %.
Reliable methodsremain to be devel oped for diseases
such aspleuropneumonia(A.pp), porcineproliferative
enteropathy (Lawsoniaintracellularis) and atrophic
rhinitis (toxigenicPasteurella multocida).

Inthefollowing the M. hyoinfectionwill be used as
an example on the experience gained with partial
depopulation. Thegreat majority of the experiences
gained have been published in case reports, where
different procedures have been applied in one or afew
farms. When estimating the successrate of partial
depopul ation programmes, one might specul ate that not
all thefailures have been reported, by which the
apparent success rate tends to seem higher that it actual
is.

Partial depopulation for eradication of M. hyo

Experience shows that partia depopulationisvery
effectivewhenit comesto eradication of M. hyo 2 3,
The procedureis based on the fact that the spread of

M.hyo rarely takes place among adults and immune
animals. Eradication of M. hyoisafairly simple proce-
durethat consistsof 3 elements:

1. All young animals must be removed from the
infected herd (piglets, weaners, growersand
finisher-s). For aperiod of at least 14 days, a
farrowing stop isimposed and only breeding
animals (sows and boars) older than 10 months
must be present onthefarm.

2. Medication: During the 14-day-period all
bree-ding animals are medicated with asuitable
drug in drinking water or in feed.

3. All empty units and pens are cleaned and
disinfected.

After thisdown period of at least 14 days, al
antibiotic medication is ceased and normal productionis
resumed.

In Denmark, thisgeneral procedure has been
modifiedin someherdstolower thecosts:

- Themost common changeisto leave out the stop
infarrowingsand instead inject the pigletsin the
farrowing crates (on day 1, 7 and 14).

- Therelevance of the agelimit of 10 monthshas
been discussed in Denmark, and alower age (8-9
months) has been applied with successin some
herds.

- Another possibility isto moveyounger breeding
animalstypically with ahigh genetic potential to
other premisesand to medicatethemwhen the
youngest pigs have reached an age of 10 months.
After medication, they are moved back to the herd
of origin.

Itisgeneraly believed that the successrate will
decrease by decreasing agelimit and if the eradication
proceduresare carried out in newly infected herdsin
whichtheinfectionisstill undergoing the active phase.

Experience with partial depopulation for
eradication of M. hyo

In Denmark, the method was originally testedin 4
medium-sized herdsin 1991-95 (140-340 sows per
herd). In thesetest herds, the successrate was 100%°.
The herdsweremonitored for 2¥2-4 yearsby monthly
clinical inspection and by monthly blood testing of 20
blood samples using ahighly sensitive (93.9 %) and a
highly specific (96.2 %) monoclonal blocking ELISA
commercialised by DAKO*. Additional measureswere
performed in some of the herds (testing of colostrumand
blood from sentinel stogether withinspection of lungsat
daughter).

Today partial depopulation isused as one of severd
routine control optionsinrelevant farmsin Denmark.
Figuresfor thelast 4 yearsfrom the Danish SPF
Company show that 20-30 herds per year have carried
out apartial depopulation programme—nearly all of
them with success®. Theprerequisitefor gaining a
M.hyo free statusismonthly clinical examinationfor at
least 10 months and blood testing 6 times of 20 pigs
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with at least one month interval . Based on the
experiencein Denmark, the estimated successrate under
field conditionsseemsto be approx. 80-90%.

Bio-security

Atfarmlevel high bio-security iscrusia inorder to
ensurealow risk of reintroduction of theinfection from
external sources. Reintroduction can occur by airborne
transmission from an infected neighbour farm, by
infected replacement stock or by dirty visitorsand
trucks.

Asfor the geographic location of the herd, and
thereby therisk of airbornetransmission, most datais
available for theM. hyo-infection. A Danish study shows
that the distance to the nearest non-SPF herd, the
distanceto the nearest large non-SPF herd and the
purchase of replacement stock from morethan one herd
per year aresignificant risk factorsfor reinfection with
M.hyo®. Based onthestudy, it ispossibleto estimate
the possibility for aherd to avoidinfection withM.hyo
for onemoreyear asafunction of thethreerisk factors.
Asan example: If an SPF herd buys replacement stock
from only one herd, and the nearest farm is 2 km away,
the probability of maintaining its SPF statusfor oneyear
moreis0.97.

Today thisinformationisimplementedina
geographical information system (Gl S), adatabase with
information about all swineherdsin Denmark. This
systemidentifiesafarm by two coordinates, which can
beinterpreted as (x,y)-coordinates’. The database
containsinformation of the herd sizeand the health
status of each herd with respect to Danish SPF diseases.
The GIS can be used to print maps of herdsin an area,
and the herd-specific 1-year probability of survival asan
M.hyo free herd isautomatically calculated for the herd
inquestion.

Farms should be closed and new genes should only
by introduced by A.l.. Should that not be possible,
quarantinefacilities ought to be availablefor
replacement stock. Datafrom the Danish SPF Company
showsthat out of 222 farms using quarantinefacilities
only 6% were infected by new pathogensin oneyear,
whereas 41% out of 499 farmsnot using quarantine
facilitieswereinfected®

Atfarmlevel theonly entranceto the farm should
be through an entry room with change of clothesand
boots. Empty, clean and disinfected trucks should be
used when transporting the pigsfrom thefarm. If thisis
not possible, special delivery facilitiesmust be
established at the farm. When loading the pigsonto the
truck, thesefacilitiesmust be closed off from therest of
thefarm, and after dispatch they must be cleaned and
disinfected in away that do not jeopardize the saf ety of
the herd.

Change in production system

Production systemswith acontinuousflow of
finishersareregarded asarisk factor for respiratory

diseases, and therefore Al1-AO production (batch
production) isusually highly recommended. M ost new
farmsin Denmark apply the Al-AO production system
today, either asan on-sitefacility or asamulti-site
operation.

Meanwhile, datafrom afive-year Danishresearch
project demonstratethat Al-AO ason-site production
systemsisnot alwaysareliable method for reducing the
prevalence of pigswith pneumonia®. Often pigsare
infected in thefarrowing crates or in the weaning unit,
and airbornetransmissions of pathogens occur between
on-sitecompartmentsof thefinishing units. More
segregated production systemslike multi-site offer a
number of advantages mainly through a break in the
infection chain from dam to offspring. But partly
because of aminimum weaning age of 3 weeksinthe
European Union not all batches of finisherswill befree
form pulmonary lesions due toM.hyo or A.pp.. A Danish
study showed that among finishers coming frominfected
sow unitsonly one out of two batchesisfreefromM.hyo
and oneout of threebatchesisfreefromA.pp. .

Whereasto someextent traditional Al-AO systems
seemto control respiratory diseases, new
epidemiologica studiesin Denmark indicatethat this
production system hasahigher potential for controlling
infectious enteric diseases™. Consistent batch
production was shown to be associated with areduced
prevalence of Lawsoniaintracellularisand week beta-
heamolytic spirochetes (OR: 0.43 and 0.06,
respectively).

Environment

Not only batch production can reducethe
prevalence of enteric diseases, but thelevel of hygieneis
also very important. A Danish epidemiological study
looking for risk factorsfor use of antibioticsinthe
production of finishers, showed ahighrisk for ora
treatment (flock treatment) in herdsthat never cleanup
between batches (RR: 4.76) 2. Together withahigh
level of hygiene, drying out of thefacilitiesbetween
batchesisvery essential. Desiccationisdetrimental to
nearly al pathogens and adry environment reduces cold
stressonthepigs.

Epidemiological studiesand experimental studies
point out poor air quality asarisk factor for the severity
of respiratory disease problems®. Clearance studies
clearly implicatethat dust and ammoniainflict onthe
normal clearance capacity of the lungs and upper
airways.

Several studiesfind an overall correlation between
theindoor carbon dioxide concentration and most air
contaminants . Thus, high levels of carbon dioxide
mean high levels of dust,ammonia, microorganismsand
endotoxins. Asthelevel of carbon dioxideisrelated to
the ventilation rate of abuilding - low levelsindicating a
high ventilation rate - the carbon dioxidelevel must be
regarded as avery good indicator of air quality aswell
asventilation efficiency. Anefficientair changeis
therefore crucial for maintaining agood air quality and
an optimal hedlth.
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Production systems for the future?

M ost segregated production systems, including
multi-site, have some negative consequencesfor the
pigs. Dueto transportation and mingling of theanimals,
the pigsare stressed causing animpairment of their
immune system. So another way of improving health,
apart from interrupting the chain of infection, isto
reduce the strain on the pigs (no transport and mingling)
and thereby to increase their resistance to infections®.
Management systemswhere pigsarereared inthe same
pen from farrow-to-finish (FTF) or inthe samepen from
wean-to-finish (WTF) yield abreak intheinfection
transmission and reduce the stress of the pigsdueto
minimised movement aswell asmingling of the pigs.
Experience from USA with the WTF concept and
research from Holland and Sweden on the FTF concept
seem to show abig potential for increased health and
productivity adopting these production systems.

FTF and WTF in a comparative study

Tovalidate the potential for controlling respiratory
diseasesin pigs produced by FTF on-siteor by WTFin
atwo-site system, acomparative study has been perfor-
med in Denmark °. The study was carried out on two
commercia farms(A & B) over athree-year-period,
wherefarm B housed the off-site WTF facility. All pigs
participating in the study camefrom afarrow-to-finish
herd with 600 sows (farm A) chronically infected with
M. hyo. and A.pp.. Clinica signsof pneumoniaand
pleuropneumoniawere distinct among growersand
finishers. The study included one control group and two
treatment groups.

The study showed that the prevalence of pigswith
M.hyo associated pneumoniaat slaughter was
significantly lower inthe FTF group aswell asin the
WTF group compared to the control group (Table 1).
The same difference was revealed when looking on the
extent of the pneumoniclesions. Asfor
pleuropneumonia, the control group and the WTF group
hardly had any, whereas 20 % of the pigsinthe FTF
group showed thisdisease at slaughter. Pleuritiswas
significantly low inthe WTF group, whereasthe control
group and the FTF group did not differ.

Concurrently with the increase in health of the FTF
and WTF groups a significant and remarkable
improvement in productivity wasrevealed Y. Thedaily
weight gain from wean to daughter increased by 47 g
and 98 g for the FTF and WTF groups, respectively,
compared to the control group (table 2). Thusthe WTF
pigsreached marked weight 16 days earlier than the
traditional reared pigs, whilethe FTF animalswere
slaughtered 10 daysearlier. The mortality of pigsfrom
weaning to daughter was significantly lower inthe WTF
group than in the two other groups.

Even though asow herd isinfected, the FTF system
aswell asthe off-site WTF system seemsto beableto
€liminate enzootic pneumonia. Together with elimina-
tion of thelung diseases, apositive effect isobtained on
the productivity of the pigswith significantly fewer days
to market.

Additional value of the FTF and WTF systemsis
several. Dueto lesstransportation and mingling the
systemsaremoreanimal friendly ensuring ahigher level
of animal welfare. Thelogisticsof the systemsare
simpler and asthey imply less movement of pigsand
lesswork for cleaning of thefacilities, thesystemsare
more people-friendly too.

The FTF and the WTF systemstherefore seem to be
one of the central keysto ahealthy pig productioninthe
future. Today more and more farmsin Denmark
establish WTF systems, whereasthe FTF system seems
of littleinterest to the Danish pig producers.

Conclusion

It can be concluded that today safe and reliable
methodsfor the eradication of several infectious
diseasesexist. Themethod of partial depopul ation seems
relevant for some diseases, where astotal depopul ation/
repopul ation istheonly method for other diseases.

Optimal bio-security isof crucial importancefor
herdsto stay free form new and unwanted infections.
Rematefarm location, close herds or use of quarantine
facilities, entry roomsand delivery facilitiesfor pigsfor
slaughter are central parameters.

Today, when farmerswant to build new facilities,
there seemto berelevant production systemsthat favour
ahealthy production. The central words are batch
production (Al-AQO) with aminimum of transport and
mingling of pigs, e.g. the WTF system.

Table 1. Prevalence of pathological pulmonary lesions at slaughter of pigs from random sample of 3 pigs per

litter (Compar ative study of FTF and WTF 1)

Control FTF WTF
Number of replica 6 6 4
Number of pigs 185 236 121
Pneumonia (MIRD) 39 % 4% 2%
Extent of pneumonia  |8.7 % 4.4 % 2.3%
(volume)
Pleuropneumonia 2% 20 % 0%
Peuritis 64 % 72 % 1%

Working Papers



Beyond Antimicrobial Growth Promoters in Food Animal Production

Table 2. Productivity (Comparative study of FTF and WTF ")

Control FTF WTF

Number of replica 6 6 4

Number of pigs 698 760 875

Mortality, wean-finish 4.8% 54 % 17%

Daily gain, growers (7-30 kQ) 474 g/day 489 g/day 485 g/day

Daily gain, finishers (30-100 kg) 791 g/day 862 g/day 972 g/day

Daily gain, wean-finish (7-100 kg) 669 g/day 716 g/day 767 g/day

Age at daughter (100 kg) 165 days 155 days 149 days
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20. Animal welfare and health as affected by
management procedures in commercial broiler flocks

Jette Sgholm Petersen,
Danish Agricultural Advisory Centre
The National Department of Poultry Production

SUMMARY

In the present paper, it is described how changesin
management practises such aslighting programmes,
feeding strategiesand broiler hybridsaffect walking
ability and skin health of commercially grown broilers.

INTRODUCTION

After thetermination of the use of antibiotic growth
promotors (AGP) and meat and bone meal (M&B) inthe
late nineties, thebroiler industry hasbeen struggling
with leg and skin problemsthat may compromise broiler
welfare (Sanotraet al., 2001; Sgrensenet al ., 2002). It
has never been documented, however, that the exclusion
of AGP and M&B from broiler diets has played amajor
rolein the devel opment of |leg problemsand deteriorated
skinhealth. Nevertheless, in our aim toimprovefood
safety, we may have induced animal health and welfare
problemsthat compromise consumer acceptance of
poultry meat.

METHODS

Theetiology of leg and skin problemsismulti-
factual, but may to some extend berelated to several
management practises (Thorp, 2000; Ekstrand et al .,
1998). Inthis presentation, results are described from
either small-scal e or large scal e-experimentswith
different management procedures. Theexperimentswere
performed on commercial broiler farms.

Walking ability was determined with the gait score
method (Kestinet al., 1992) using ascalefrom0to 5.
Birdswithout detectable gait abnormalitiesweregiven
score 0-. Score 5 was given to birds that were unableto
walk. For the assessment of foot-pad health, onefoot per
bird were scored for the occurrence of podo dermatitis,
using ascalefrom 0to 2, asdescribed by Ekstrand et al.
(1998). Score 0 was given to feet without any
discolouration or burns, while score2 wasgivento feet
with severelesions. Moreover, skin health was
determined through the occurrence of carcasseswith
skininjuries.

RESULTS AND CONCLUSION

In summary, it was possible to reduce mean gait
score by approximately 15% by introducing daily 4-hour
fasting periods (Petersen, 2000) or changing from one
broiler hybrid to another (Petersen 2002b). Moreover,
themean gait score of abroiler flock tended to decrease
through achangein light programme from 2 hours of
darkness per day to alight programme with 8 decreasing
to 3 hoursof darknessper day (Petersen 2002a).

However, light programmeswith long dark periods,
increased the number of birdsthat wererejected at
slaughter because of skininjuries. Furthermore, with
long dark periods, the number of birdswith foot-pad
burnswasincreased (Petersen 2002a). Thefoot-pad
score could be significantly decreased by changing litter
material from chopped wheat straw to wood shavings
(Petersen, 2002b).

Hence, changesin management practises may
decreaseleg problemsand improve skin healthin
broilers.
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21. Organic acids and fermented liquid feed as
alternatives to antibiotic growth promoters
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Bent Borg Jensen!

!Danish Institute of Agricultural Sciences, Department of Animal Nutrition and Physiology, Research
Centre Foulum, Denmark. *The National Committee for Pig Production, Denmark

Summary

Addition of organic acidsto piglet/pig diets, and
feeding fermented liquid feed (FLF) aretwo feeding-
strategies eval uated as alternativesto antibiotic growth
promoters. The effects of these strategieson
gastrointestinal ecology and animal growth performance
do not always point at the same direction. The previous
makesit crucial tolook at the effect on each parameter
separately. Organic acids havedifferent effectson
gastrointestinal ecol ogy depending on the acid used and
the dose applied. However, in general, they tend to
decrease pH in the stomach, and reduce the number of
microorganismsalong the gastrointestinal tract (Gl-
tract). Anexceptionislactic acid, whichincreasesthe
density of lactic acid bacteriaand yeasts. The effect on
growth performanceisnot always consistent and
depends also on the acid used and the dose applied, but,
ingeneral, organic acidsincrease or tend to increase
performance. Fermented liquid feed affectsthe
gastrointestinal ecology by decreasing the gastric pH,
increasing the numbers of lactic acid bacteriaand yeasts
(especially intheproximal Gl-tract), and decreasing the
number of coliform bacteria. So, feeding FLF resultsin
amore healthy/robust Gl-tract. However, the effects
obtained depend on the degree of fermentation of the
feed. That is, the elaboration of the FLF has great impact
on the effects observed. Regarding growth performance,
there are not many dataavailable, but feeding FLF does
not seemtoimprove performance compared to feeding
dry feed. Modificationsinthe elaboration of FLF to
improve growth performance by avoiding amicrobial
degradation of synthetic amino acids, likefermenting
only thegrain, or by avoiding atoo low pH in the feed
that might decrease feed intake are some of the aspects
that need further investigation.

Introduction

Theban of most antibiotic growth promoters (AGP)
in Europe and thetotal stop intheuse of all AGPin
Denmark hasresulted in anintensive search for aterna-
tivefeeding-strategiesin pig production during thelast
fiveyears. Among other strategies, theaddition of
organic acidsto thefeed and feeding fermented liquid

feed (FLF) have been investigated and have given
promising results. Optimal aternativefeeding-strategies
would be those that result in high health status and high
growth performance of theanimals. However,
experience has shown that both parametersdo not
alwaysfollow each other. Therefore, itisnecessary to
describeand discussthe effects of thesefeeding-
strategieson pig health and pig growth performance

separately.
Organic acids

Organic acids have been used for decadesin feed
preservation, protecting feed from microbial and fungal
destruction or toincreasethe preservation effect of
fermentedfeed, e.g. silage.

Animportant objective of dietary acidificationisthe
inhibition of intestinal bacteriacompeting with the host
for available nutrients, and areduction of toxic bacterial
metabolites, e.g. ammoniaand amines, thusimproving
growth performance of the host animal. Furthermore, the
growth inhibition of potential pathogenic bacteriaand
zoonatic bacteria, e.g. E. coli and Salmonella, inthe
feed and inthe GI- tract benefits animal health.

Mode of action

Theantibacterial activity of organic acidsisrelated
tothereduction of pH, aswell astheir ability to
dissociate, which is determined by the pK -valueof the
respective acid, and the pH of the surrounding milieu.
Organic acidsarelipid solublein the undissociated
form, inwhichthey are ableto enter themicrobial cell.
Onceinthecell, theacid releasesthe protoninthe more
alkaline environment, resulting in adecrease of
intracellular pH. Thisinfluencesmicrobial metabolism
inhibiting the action of important microbia enzymesand
forcesthebacterial cell to use energy to release protons,
leading to anintracellular accumulation of acid anions
(Russell, 1992). The acid anion seemsto bevery
important regarding theantibacterial effect of organic
acids and their salts. Several investigations have shown
astrong bactericidal effect of organic acidswithout
significantly decreasing the pH-valuein the Gl-tract.
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Effect on gastrointestinal ecology

Inthefollowing, we will mainly describe and
discussresultson lactic acid, formic acid and benzoic
acid. Thereasonfor it isthat those are the acids we have
worked most with.

pH and organic acids along the Gl-tract

Dataon the effect of addition of organic acidstothe
diet on pH and organic acid concentration in the Gl -tract
arenot consistent. Theresultsvary with the acid used
and the doses applied.

Addition of 2.8% lactic acid to aweaner diet
resulted in lower pH valuesin the stomach, caecum and
colon of piglets, whereas addition of 0.7% and 1.4%,
although decreased the pH values aong the Gl -tract, did
not resultin significant differencescomparedtothe
control (Mariboetal., 2000a). Similarly, addition of
1.4%formic acid to aweaner diet decreased thepH in
stomach, whereas adose of 0.7% decreased the pH only
numerically (Mariboet al., 2000a). Canibeet al. (2001)
could not detect asignificant effect of 1.8% Formi
(dipotassium formate) on pH along the Gl -tract of
piglets. Benzoic acid (2%) or acombination of 0.7%
lactic acid and 0.7% formic acid did not affect the pH
along the Gl -tract of piglets (Mariboet al ., 2000b).

Dosesof lactic acid between 0.7% and 1.4%
resulted in higher concentrationsof lacticacidinthe
stomach and proximal small intestine, but the
differenceswerenot significantin all cases. When 0.7%
or 1.4% formic acid was added to weaner dietsthe acid
wasdetected at higher concentrationsthan the control
only inthe stomach, which suggeststhat formic acid was
absorbed or degraded in the proximal small intestine
(Mariboet al., 2000a). Similarly, formic acid, benzoic
acid and sorbic acid were only detectablein the stomach
of pigletsfed diets added 1% of Formi, benzoic acid or
sorbic acid, respectively (Canibeet al ., unpublished).
However, when adose of 1.8% of Formi was added to a
weaner diet or 1.8% formic acid was added to agrower
diet, formic acid was detected at significantly higher
concentrationsin the stomach and the whole small
intestine of the animalsfed the acid-added diets (Canibe
and Jensen, 2001; Canibeet al., 2001). The previous
indicatesthat the doses used influencethe concentration
of the acid aong the proximal Gl-tract. The datafurther
show that the added acids are only detected inthe
proximal Gl-tract, and therefore, their direct effect on
microbial ecology isexpected in these segments.

Theeffect of organic acids on the concentration of
short chain fatty acidsisvariable, resulting in higher
levelsin the caecum and colon in some cases, lower in
others or without effect in others (Mariboet al ., 2000g;
2000b; Canibe and Jensen, 2001; Canibeet al ., 2001).

Microbial populations

Lacticacid (from 0.7%to 2.8%) tended toincrease
the number of lactic acid bacteriaand yeasts, and to
decrease the number of coliform bacteriaalong the GI-
tract (Maribo et al., 2000a). The higher thedosethe

larger the effect. Formic acid (1.4%, 1.8%) decreased
the density of lactic acid bacteria, coliform bacteriaand,
asopposed tolactic acid, yeastsalong the Gl -tract of
piglets and growers (Maribo et al., 2000a; Canibe and
Jensen, 2001). Benzoic acid at aconcentration of 2%,
decreased the number of |actic acid bacteria, coliform
bacteriaand yeasts along the Gl -tract (Mariboet al .,
2000b). Formi, benzoic acid and sorbic acid (1%) did
not significantly affect the number of lacticacid
bacteria, enterobacteriaor yeastsalong the Gl -tract of
piglets. However, numerically lower enterobacteriaand
yeastsdensitieswere measured in the pigletsfed the
acids compared to the control group (Canibeet al .,
unpublished).

In order to screen variousorganic acidsfor their
anti-bacterial effectsin gastrointestinal contentsand
thereby find candidatesto replace antibiotic growth
promotersinfeed for pigs/piglets, abatch culture system
was established to simulate the conditionsin the
stomach (Knarreborg et al ., 2002). The effect of various
organic acids on growth/survival of lactic acid bacteria
and coliform bacteriawastested. The anti-microbial
effect of six different organic acids(formic, propionic,
butyric, lactic, benzoic, and fumaric acid) were
compared in stomach content at pH 4.5 (Figure 1). In
contrast to lactic acid bacteria, coliform bacteriawere
unableto grow in stomach content at theinvestigated
pH. Benzoic acid and fumaric acid showed the strongest
antibacterial capacity against coliform bacteria, and they
wereable, asthe only ones, tokill lactic acid bacteria. A
pH-dependent inhibition of bacterial growth hasbeen
demonstrated; at the same organic acid concentration,
thelower the pH the strongest the antibacterial effect
(datanot shown).

Growth performance

The effect of organic acids on performance shows,
ingeneral, increase growth performance or tendencies
forit. Addition of 0.7%lacticacid + 0.7%formic acid
or 1-2% benzoic acid improved growth performance of
piglets compared to acontrol diet (Mariboet al .,
2000b), the samewasthe case when doses of 0.8-1.6%
lacticacid (Maribo 1999), or 2% sorbic acid (Maribo
and Olsen, 1999) were added. The positiveresults
cannot always befound, aswasthe case for doses
between 0.7% and 2.8% lactic acid, which did not show
any significant effect on growth performance of piglets
(Mariboetal., 2000a). Dosesof 0.7% or 1.4% formic
acid did not show an improved growth performancein
piglets (Mariboetal., 2000a), whereas 1.8% formic acid
tended to improve growth performance of growing pigs
(Canibe and Jensen, submitted).

Fermented liquid feed

Feeding liquid feed (non-fermented or partly
fermented) to pigsisapracticethat hasbeen applied for
many years. Some of the characteristicsof liquid feed
related toitseffectson gastrointestinal ecology andthe
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Figurel. Lacticacid bacteriaand coliformbacteria (log CFU/g sample) in gastric content (pH 4.5) added various

acids.

potential use of co-productsfromthefood industry inits
elaboration have madeliquid feed asubject of interestin
the scientific world. Fermented liquid feed hasandis
being evaluated in the search for dternativesto
antibiotic growth promotersand for alternative use of
co-productsfromthefood industry.

From the moment dry feed and liquid are mixed,
thereisarisk/chance that fermentation occurs. Ithas
been shown that lactic acid bacteriaand yeasts naturally
occurringincereal grainswill proliferate and produce
lactic acid, acetic acid and ethanol and reduce pH if the
feedissoaked in liquid for acertain length of time. The
presence of lactic acid bacteriain the Gl-tract iscon-
sidered beneficial totheanimal. Highlactic acid
concentrationsand low pH in the stomach of pigsare
also desired becausethey arebelieved toimprove
protein hydrolysis, and prevent the proliferation of
pathogens (e.g. enterobacteriasuch as coliformsand
Salmonella). Fromthe previousit can be concluded that
thecharacteristicsof FLF, if also found inthe Gl-tract,
makesit an attractive feed strategy for pigs. However, it
iscrucial to understand the course of thefermentation if
thebest resultsareto be obtained.

Elaboration and characteristics of
fermented liquid feed

Studiescarried out in our laboratory to determine
the optimal temperature, soaking time and amount of
residueto beleft in the fermentation tank, showed that a
temperaturein the fermentation tank of 20°C, asoaking
time of 8 hoursand aresidue of 50% resultin FLF with
maximum pH values of 4.5 (considered asthe maximum
pH valueif the growth of enterobacteriaisto be
inhibited), low levelsof coliform bacteria, high levels of
lactic acid bacteriaand yeasts, and high levels of lactic
acid (Jensen and Mikkelsen, 1998). Resultsfrom these
studies showing the pH course with fermentation time
are presented in Figure 2. It can be seen that when
fermentationisinitiated, aperiod of 3-5 daysisneeded
to reach asteady-state. Figure 3 showsthat to reach pH
valuesbelow 4.5, atemperature of 20°Cisrequired if
the soaking timeis 8 hoursand the residue 50%. Figure

4 showstheimportance of reaching asteady state when
thefermentationisinitiated. During thefirst hours of
fermentation, the number of lactic acid bacteria
increases, but concomitantly thereisabloom of
enterobacteria. After 3 daysthefurther increaseof lactic
acid bacteriaand | actic acid concentration coincides
with adrop in pH (below 4.5) and the counts of
enterobacteria

Resultsfrom our laboratory regarding
microbiological characteristicsof dry feed, non-FLF
(feed and water mixed in abucket, a sample taken and
analysed within 2 hours, that is, maximum fermentation
time of 2 hours), and FLF (20°C, 8 or 16 hours, 50%
residua left inthetank, and steady state has been
reached) are shown in Table 1. The values show a~560-
foldincreasein the number of lactic acid bacteriain the
non-FLF (whichinfact was partialy fermented), but
moreimportantly, a~30-foldincrease of coliform
bacteriacompared to dry feed. Therelatively high
microbial activity inthe non-FLF isprobably dueto the
presence of feed residuesin the bucket, which acted asa
»Starter culture*. Further fermentation resultsininhibi-
tion of coliform bacteria, and the appearance of other
desirable characteristics mentioned above (highlactic
acid, low pH, and high counts of |actic acid bacteria).
The chemical composition of thethreedietselucidates
somedifferences between them, especially regardinga
decrease of carbohydrate contents (mainly low
mol ecular weight sugars) asfermentation progresses.
Lysine content seemsto decrease with fermentation, too
(dataderive from only 4 samplesand thevariationis
high). Pedersen (2001) has also reported a
disappearance of freelysinein FLF.
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concentration (mmol/kg sample) inliquid feed during
fermentation.

Effect on gastrointestinal ecology

Thereisagreement in datafromtheliterature onthe
effect of FLF on gastrointestinal ecology of pigs.

pH and organic acids along the Gl-tract

Feeding FLF lowersthe gastric pH to values of 4 or
less (Jensen and Mikkel sen, 1998; Canibe and Jensen,
2000; van Winsen et al ., 2001), which is probably dueto
the high concentration of lactic acid measured at thissite
inpigsfed FLF. Low gastric pH and high levels of lactic
acid aredesirable sincethesetwo factorsinhibit the
growth of enteropathogeni c bacteriasuch ascoliform
bacteriaand Salmonella. No apparent effectsof FLF on
largeintestinal pH have been detected.

The concentration of organic acidsaong the Gl-
tract, especialy that of lactic acid, isaffected by feeding
FLF. Pigletsfed FLF had higher concentration of lactic
acid in the stomach and proximal small intestineand
higher concentration of acetic acid in the caecum and
colon than thosefed non-FL F (Jensen and Mikkel sen,
1998; Scholtenet al., 2002). Similarly, ahigher concent-
ration of lactic acid was measured in the proximal Gl-
tract of growing pigsfed FLF compared to those fed dry
feed or non-FLF (Canibe and Jensen, submitted). As
shown by Jensen and Mikkelsen (1998) and Canibe and
Jensen (submitted), higher concentration of lacticacidin
the stomach coincideswith alower production of lactic
acidinvitro. Thissuggeststhat the higher concentrations
of lactic acid in the stomach can be attributed
exclusively to amicrobial fermentationinthefeed and
not toamicrobial productioninthe stomach.

Microbial populations

Higher countsof lactic acid bacteriain the proximal
segments of the Gl -tract of growing pigsfed FLF
(Jensen and Mikkel sen, 1998; Canibe and Jensen, 2000)
can be dueto the higher density of these microorganisms
inthe FLF compared to dry feed. Whether they are
activeinthe Gl-tract or only transient has not been
elucidated. Feeding FL F decreasesthe density of lactic
acid bacteriainthedistal Gl-tract, which could be
partially explained by adecrease of substrate available
tothesemicroorganisms. AsshowninTablel, FLF
contained less carbohydratesthan dry feed. An
important characteristic of feeding FLF isadecreasein
the population of coliform bacteriain the Gl-tract of
piglets, whichisbeneficial becauseit can help
diminishing weaning scours. Another enteropathogenic
bacteria shown to be affected by feeding FLFis
Brachyospira hyodysenteriae, which causesswine
dysentery by colonising thelargeintestine of growing
pigs. A study carried out by Lindecronaet al. (2000)
showed lower incidence of swine dysentery and severity
of clinical symptomsin pigsfed FLF ascompared to
thosefed dry feed. Changesin the gut microbiotaand/or
biochemical environment were proposed asapossible
explanation. In agreement with thelatter, theresults of
Hgjberg etal. (2001) showed lower fermentation
capacity in the large intestine of pigsfed FLF
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Table 1. Characteristics of dry feed (DF), non-fermented
liquid feed (N-FLF) and fermented liquid feed (FLF).

Diet

DF

n NFLF n FLF n

pH NM®
Lactic acid bacteria (20°C) <4.3£0.86
Lactic acid bacteria (37°C) 43048
Enterobacteria <4.7£1.10
Yeasts (20°C) <3.6+0.59
Yeasts (37°C) <3.3%049
Lysine 6.00£0.51
LMW-sugars® 3.60£0.13
Starch 46.0£0.90
T-NSP® 1272

- 5.98+0.18 21
11 7.2+0.59 19
12 <6.9+0.71 21
12 6.2+0.59 21
11 5.0+0.65 20
12 <3.4+0.60 21

4.36£0.17 24
9.4+0.32 23
9.4+0.23 24

<3.2+0.56 24
6.9+0.69 22

<4.3+0.92 22

2 5.82+1.14 3 4.80+0.87 23
2 2.85+0.58 3 0.08+0.06 3
2 46.8+1.68 3 46.5+2.42 3
1 13.26+0.73 2 11.74+0.00 2

2L ow molecular weight-sugars.

bTotal non-starch polysaccharides. ¢ Not-measured.Values are means

with their standard deviation.

compared to those fed dry feed, and Leser et al. (2000)
detected changesin bacterial community structurein
the colon of pigs asaresult of feeding FLF.

Higher density of yeasts has been observed in the
Gl-tract of pigletsfed FLF compared to thosefed non-
FLF (Jensen and Mikkelsen, 1998; Scholtenet al.,
2002). Duetothe presencein the FLF of high numbers
of yeaststhat grow at 20°C but not at 37°C, alarge part
of theyeasts are probably not activein the Gl -tract.

Y easts can be considered asbeneficial to theanimal
because they can bind pathogens and impede their
attachment to theintestinal wall, or asdetrimental since
yeasts can cause diseasein pigs. Further studiesare
needed to elucidatethis point.

Growth performance

Pigletsfed FLF had a higher feed intake and body
weight gain than thosefed dry feed (Russell et al .,
1996). On the other hand, Pedersen (2001) observed
higher growth performancein pigletsfed non-FLF
compared to thosefed FLF or the same diet supplied as
dry feed. Degradation of synthetic lysineinthe FLF was
suggested to be the main cause of thelower growth
performance of theanimalsfed FLF. A too low pH of the
FLF resulting in unpleasant taste for the animals could
also beareason for thelower feed intake. The pigletsin
the study of Pedersen (2001) werefed adry diet thefirst
two weeks post-weaning and after that they were offered
thenon-FLF and FLF. In order to obtain the best results
of feeding FLF, it would have been better to offer the
pigletsthe experimental dietsfromthefirst day post-
weaning. Furthermore, studieson the effect of feeding
FLF infarmswith health problemslack. Such studies
would supply crucial information on the advantages of
feeding FLF. Growing-finishing pigsfed non-FLF had
also higher feed intake and daily body weight gain than
those fed FLF (Canibe and Jensen, submitted). In order
to avoid the degradation of the syntheticlysine, a
strategy wastested which consisted of fermenting only
the grain, which was mixed with the remaining
ingredients (including the synthetic amino acids)

immediately beforefeeding. Thisstrategy resultedin
higher growth performance of heavy pigs compared to
feeding non-FLF (Pedersenet al., 2002a). Further
studieswhereall thedietary ingredientswere fermented
except the mineral mixtureincluding the synthetic amino
acids had negative effects on growth performance of
growing-finishing pigs, probably dueto low pH of the
feed (4.2-4.3) (Pedersenetal ., 2002b; 2002c).
Investigationson the effect of extent of fermentation on
lysine concentration and on feed intakewill becarried
outinthenear future. Also, offering theanimalsliquid
feed already during the weaning period isastrategy that
needsinvestigation.

Conclusion

Addition of organic acidstothediet resultsin
variableeffectson gastrointestinal ecology of piglets
and pigs depending on the acid used and the doses
applied. The pH aong the Gl-tract tendsto be lower
after addition of organic acidsbut oftenthe effect isnot
significant. Ingeneral, organic acidsdecreasethe
density of bacteriaaong the Gl-tract. However, the
number of yeastsare reduced by addition of formic acid,
sorbic acid and benzoic acid, but increased by addition
of lactic acid to the diet. The acids added in the diet are
only detected in the proximal segmentsof the Gl -tract
(stomach and small intestine) which suggeststhat they
are absorbed or degraded in these segments. Growth
performanceis, ingeneral, positively affected by
addition of organic acids, athough with variableresults,
again depending on the doses and acid used.

Fermented liquid feed isaclear appropriate alterna-
tiveto antibiotic growth promotersregarding
gastrointestinal health (i.e., low pH inthe stomach, high
concentration of lactic acid, low number of coliform
bacteria). However, growth performanceisnot improved
when FLF isfed compared to dry feed, and it can be
worsened compared to feeding non-FL F. Feed taste, low
pH and a possible degradation of synthetic lysineasa
result of fermentation could bethereasonfor the
negative results observed when feeding FLF. Fermen-
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ting only the grain has shown improved growth van Winsen,R. L., Urlings,B.A.P,, Lipman,L.J. A,
performance. These aspects require further Snijders, J. M. A., Keuzenkamp D., Verhe/den, J. H.
investigations. Moreover, feeding piglets with non- M. & van Knapen, F. 2001. Appl. Environ. Microbial.,
FLF/FLF from the weaning period is a strategy that is 67(7): 3071-3076.

worth studying.
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Abstract

With therisein antibiotic resistance and the
subsequent removal of antibioticsfrom pig feed thereis
aneed to identify aternatives, which can reducethe
incidence of diarrhoeacaused by pathogenic bacteria
such asEscherichia coli and that can reducethe
incidence of zoonotic bacteria such asSalmonella
enterica. Optimal alternativefeeding-strategieswould
be those that result in aswell high health status as high
growth performance at the sametime, however that is
not always easy to achieve. Severd studies have shown
that the composition and processing of thefeed are of
great significanceto maintain ahealthy gastrointestinal
ecosystem in slaughter pigsand decreasethe numbers
of pathogenic Enterobactericea(i.e. E coli and Salmo-
nella). Especialy the use of coarsely ground meal feed
aswell asthe use of barley has been shown to reducethe
occurrence of pathogenic enterobacteriasignificantly.
However the use of thesetwo feeding strategies causesa
reductioninthe production results, especially feed
conversion.

Coarsely ground meal favoursthe growth of
anaerobic bacteria, especially lactic acid bacteria, inthe
stomach of the pigs. Thereason for thisisat present
unknown, but an increased microbial activity leadsto an
increased production of lactic acid and other organic
acidsand alover pH in the stomach. Consequently,
enteric bacterialikeSalmonella andE coli arekilledin
the stomach and do not enter the parts of the
gastrointestinal tract in whichthey will normally
proliferate. In thisway, the stomach actsasabarrier
breaking theviciouscirclewhereanimalsin problematic
herdsinfect each other and arere-infected through
consumption of faeces. Theseresultsare supported byin
vitro studiesthat show ahigh negative correlation
between undissociated lactic acid and the survival rate
of Enterobactericeainstomach content.

Introduction

Thetotal stop in the use of antibiotic growth
promotersin Denmark hasresultedinanintensive
searchfor aternativefeeding-strategiesinpig

production during the last five years. Among other
strategiesfeed composition, feed processing and the use
of probioticsand prebiotics have beeninvestigated.
Optimal alternative feeding-strategieswould bethose
that result in aswell high health status as high growth
performance at the sametime, however that isnot
always easy to achieve. Asaconsequence, both
parameterswill be discussed in thefollowing, although
with focuson how to improve the health status of the
animal.

How does growth promoting antibiotics work?

Inclusion of growth promoting antibioticsinto pig
feed improveslive weight gain by 5-6% and feed
conversion efficiency by 3-4%. The mechanism by
which growth promoting antibioticsimprove growth
performanceisnot known with certainty, but several
hypotheses have been proposed, most of whichinvolve
thegastrointestinal microbiota. Although statistically
significant differencesin growth rate have never been
well correlated with differencesin bacterial counts,
either in specificintestina segmentsor inthe
gastrointestinal asawhole, severa investigationshave
shown that growth-promoting antibioticsdo produce
significant changesin the gastrointestinal microbiotaand
the activity of the microbiota (Jensen, 1998). Theresults
strongly indicatethat the growth promoting antibiotics
accomplishtheir effectinthesmall intestinewhilethey
havelittle or no effect inthelargeintestine. Itisgene-
rally accepted that the microbiotain the small intestine
competeswiththe host animal for easily digestible
nutrientsand at the sasmetime producestoxic
compounds. Experimentswith daughter pigshave
shown that as much as 6% of the net energy in the pig
diet could belost dueto microbial fermentationinthe
small intestine. On the other hand, themicrabiotainthe
hindgut isbelieved to have abeneficial effect onthe host
animal sinceit producesenergy by fermentation of feed
material that has escaped digestionin the small intestine.
Jensen et al. (1998) have calculated that on anormal
Danish pig diet, 16.4% of thetotal energy supply for
slaughter pigsisachieved by microbial fermentationin
the hindgut.
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Alternatives to antibiotic growth promoters
Feed composition

Probably the single most important control for
microbial ecosysteminthegastrointestinal tract (and as
such on health on animal health) of pigsisthe amount
and type of substrate available to the microbiota. This
enablesadirect control over the processes of fermenta-
tioninthegastrointestinal tract through feed
composition. Asshown by Jensen and Jergensen (1994)
especially thefibrecontent of thediet affectsthe
microbial fermentation in the gastrointestinal tract of
pigs but al so the content of resistant starch and non-
digestible oligosaccharidesplay arole. Reid and
Hillman (1999) and Jensen (unpublished) have found
that addition of fibreto apig diet reducesthe population
of coliform bacteriainthegastrointestina tract, while
Mcdonald et al. (1998) reported an increased popul ation
of coliform bacteriain pigsfed afibre- enriched diet.
Theeffect of dietary fibre on the development of swine
dysentery isalsoalittlecontroverial. Durmicetal.,
(1998) and Pluskeet al ., (1996) reported that dietslow
indietary fibre and resistant starch prevented pigsfrom
infection with Brachyospira hyodysenteriae while
Lindecronaet al., (2000) and Kirkvood et a.., (2000)
were unableto confirm thesefindings.

Severa investigations have shown that also the
fermentation of proteininthegastrointestinal tract
dependson diet composition (Jensen et al ., 1998).
Experiencefrom practical pig farming under Danish
conditionshasalso indicated that high protein content in
dietsfor growing pigsincreasestheincidence of
diarrhoeain slaughter pigs, although that was not
followed by anincreasein the population of coliform
bacteria(Petersen et a., 2000).
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Theeffect of lipidsonthe composition and activity
of themicrobiotain the digestivetract of pigsand on pig
healthisnot very well investigated. Digestion of dietary
lipidsin pigs occursfromthe proximal part of the small
intestineonwards, only negligible changes occur
anterior to the small intestine. Unsaturated fatty acids
are subject to bio-hydrogenation by gut bacteria. It has
been known for sometimethat unsaturated fatty acids
aretoxic to many rumen bacteria (Henderson, 1973).
Apart from apossible effect onthe microbiota, lipids
also seemtoincreasethe occurrence of gastric ulcers
(Regienaet al., 1996), which again may affect the
microbiotain the stomach. Sincetheamount of fat inpig
diets hasincreased during the last decade it will be of
interest to elucidate how fat content affectsthe
gastrointestinal ecosystemand pig health.

The buffer capacity of pig feed has & so been
postul ated to affect themicrobial ecosysteminthe
gastrointestinal tract and to affect feed digestion
(Decuypereet al., 1997). Further, dietswith high
buffering capacity have been shown to increase salmo-
nellashedding of pigs (Prohaszkaet al., 1989). Again,
very littleinformation exists about the effect of the
buffering capacity of thefeed onthe microbial
ecosystemin the gastrointestinal tract and on the health
of theanimals.

Feed processing

Effect of feed processing on survival of pathogenic
bacteria

Several studies have shown that the processing of
thefeedisof great significancefor the gastrointestinal
ecosystem of slaughter pigsand to reduce the counts of
pathogenic Enterobactericea (i.e. E coli and Salmo-
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Figure 1. Effect of varioustypes of feed processing on the density of coliformbacteriain stomach content, the
prevalence of salmonella positive pigs, pH of stomach content and the concentration of organic acid in stomach

content (data adapted formJargensen et al., 1999).
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Figure2. T-RFLP profilefromstomach content of pigsfed either fine pelleted feed or course meal.

Theeffect of varioustypesof feed processing onthe
popul ation density of coliform bacteriain the stomach,
theincidence of salmonellapositive pigs, the concent-
ration of organic acidsin stomach content and the pH of
stomach content are shownin Figure 1 (datafrom
Jorgensenetal., 1999)

Theseresultsclearly illustratethat the effect of feed
processing on theincidence of salmonella- positive pigs
and the density of coliform bacteriain the stomachis
similar. Indicating that the density of coliform bacteriais
agood indicator for the surveillance of Salmonellain
pigs. The datafurther indicate that feeding slaughter
pigs coursegrinded feed compared to fine pelleted feed
(diet 5versusdiet 1) reducesthe pH of stomach content
and significantly increasesthe concentration of organic
acids(lactic, acetic, propionic and butyric acids) inthe
stomach. Theincreasein organic acid concentration was
accomplished by anincreasein the population of
anaerobic bacteria, especialy lactic acid bacteria
(results not shown). These dataarein accordance with
the results obtained by Canibeet al., (2001). Using the
molecular fingerprinting method T-RFL P as described
by Leseret al., (2000) Canibeet al., (2001) further
showed that the microbia diversity was higher in pigs
fed course meal compared to pigsfed fine pelleted feed
(Figure?2).

The mechanism behind the stimul ating effect of
coarse meal onthemicrobial activity inthe stomach has
not been elucidated. A slower passage rate (Reginaet
al., 1999), ahigher dry matter percentage, and/ or other
physiochemical characteristicsof thegastric digesta
(Hansenet al., 2001) of pigsfed coarse meal could
favour the growth of lactic bacteriacompared to other
microorganisms. Thehigher density of lactic acid

bacteriain the stomach of pigsfed the coarsediet
explain the higher concentration of lacticacidinthe
gastric digesta of these animals. The growth of
enterobacteriaisinhibited at high levelsof lactic acid at
low pH (Knarreborget al., 2002). Further unpublished
resultsfromour [ab (Mikkel sen and Jensen,
unpublished) have shown aclear negative correlation
between the concentration of undissociated lactic acid
and the survival rate of Salmonella in stomach content
from slaughter pigsin vitro (Figure 3).

In contrast to the effect on enterobacteria, lactic acid
seemsto stimulate the growth of yeasts (Mariboetal.,
2000) thismay explain the higher population of yeasts
found in course meal fed-pigs compared tofinepelleted
fed-pigs pigs by Canibeet al., (2001).

Effect of feed processing on gut morphology

A positiveeffect of feeding coursedietsto pigson
stomach keratinisation and | esions has been reported by
various authors (Jergensenet al., 1999; Reginaetal.,
1999; Wondaet al., 1995), but the mechanism behindis
till unclear. It seemsreasonabl eto suggest that themain
factor that |eadsto the protective effect of course meal
against gastric ulcersisthat the gastric content became
more coherent with little separation between theliquid
and solid phase (Hansen et al ., 2001 a,b; Jargensen et
al., 2002a).

Apart from achanged microbial ecosysteminthe
gastrointestinal tract of slaughter pigs, it hasalso been
shown that pigsfed coarse diets had higher levels of
epithelia cell proliferationwith consequent higher
levelsof mucinsand fewer mannose receptorsthan those
fedafinediet (Brunsgaard, 1998). Thisimpliesthat pigs
fed acoarsediet may be better protected against certain
kindsof intestinal infectionsthan pigsfed afinediet.
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Figure 3. Correlation between the concentration of undissociated lactic acid (HA) and the survival rate of

SalmonellaDT12in stomach content.
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The stomach as barrier

Theresultsdiscussed above clearly show that
coarsely- ground meal feed favoursthe growth of
anaerobic bacteria, especially lactic acid bacteriainthe
stomach. Theexact reasonfor thisisat present
unknown, but theincreased microbial activity leadsto
anincreased production of lactic acid and other organic
acidsand alover pH in the scomach. Consequently,
enteric bacterialikeSalmonella andE. coli arekilledin
the stomach and do not enter the parts of the
gastrointestinal tract in which they will normally
proliferate. Inthisway, the stomach actsasabarrier
breaking theviciouscirclewhere animalsin problematic
herdsinfect each other and arere-infected through
consumption of faeces.

Effect of feed processing on growth performance

A big drawback with the use of coarsdly- grounded
meal, isthe extremereductionin production results
(Jergensenet al., 1999; Jargensenet al., 2002a).
Especially thefeed conversion rateisreduced by
feeding pigscourse meal compared to fine pelleted feed.
One of our goalsat the moment, therefore, isto develop
afeed compound or afeeding strategy, whichisableto
prevent the proliferation of pathogenic enterobacteria
without reducing feed conversion.

Oligosaccharides (prebiotics)

Useof specific carbohydrates(prebiotics) especially
sugar a coholsand oligo- and polysaccharidesthat are
not degraded by host-produced enzymes have been
suggested as candidatesto improve animal health.
Prebioticsaredefined as” nondigestiblefood
ingredientsthat beneficially affect the host by selectively
stimulating the growth/or activity of oneor alimited
number of bacteria, that canimprove host health”. .

Oligosaccharides have beenincluded in animal feed
in Japan since the mid-80swith the aim of improving
welight gain and health status of farm animals. However,
documented effectsof oligosaccharideson pig
performance, animal health and effectson the
composition of theindigenous microbiotaare sparseand
conflicting (Mikkelsen, 2001).
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Inarecent study carried out at our department
(Mikkelsen, 2001) newly weaned four-week-old piglets
werefed asemi-synthetic diet supplemented with 4%
fructo-oligosaccharides (FOS) or 4% gal acto-
oligosaccharides (GOS) replacing 2% cornstarch and
2% celluloseinthe control diet. In conclusion, generally
little or no effect of dietary FOS and GOS on pig
performance, gastrointestinal physico-chemical
characteristicsand gastrointestinal bacterial populations
were observed in the study. Themost striking result from
the study wasthe strong stimulating effect of especially
GOS and to alesser extent FOS on the popul ation of
yeasts (Figure 4).

Y easts and yeast cell walls are often suggested as
probiotic additives that can be applied in the pig
industry asalternativesto antibiotic growth promotersin
order to improve health and growth performance of pigs.
Sincethe population of yeastswithin the gastrointestinal
tract of pigs seemseasy toinfluence, any negative or
positiveimpact of thismicroorganism onthegrowth
performance of pigswould be of great interest in future
studies.

Conclusion

Use of coarsely grounded meal feedisaclear
alternativeto antibiotic growth promotersregarding the
reduction of pathogenic enterobacteriainthe
gastrointestinal tract. However abig drawback with this
typeof dietsisthereduction found inthe production
results. A goal for the moment, therefore, istodevelopa
feed compound or afeeding strategy, which like
grounded meal feed, isableto prevent the proliferation
of pathogenic enterobacteriain thegastrointestinal tract
but without affecting the productionresults.
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23. Effects of the termination of AGP use on outbreaks
of Lawsonia intracellularis in pigs

Tim K. Jensen
Danish Veterinary Institute,
Copenhagen, Denmark

Porcine proliferative enteropathy (PE) is one of
the most important infections causing diarrhea,
retarded growth and/or sudden death among growing/
finishing pigsin intensive pig production world-wide.
The disease affects the aboral small intestines, cecum
and colon but involves especialy ileum. Pathologicaly,
PE is characterised by thickening of the intestinal
mucosa caused by adenomatous proliferation of
immature epithelial cellsinfected by Lawsonia
intracellularis, an obligate intracellular Gram-negative
bacterium culturable only in cell cultures. Asco-
culturing of the bacterium in cellsis not adaptable for
routine diagnostic procedures PCR,
immunohistochemistry and in situ hybridisation have
been devel oped and applied for ante- and post-mortem
detection.

Inacase control study to examinerisk factorsfor
the development of diarrheain growing pigsL.
intracellulariswasthemost prevalent pathogen. The
bacterium was detected in 75% of the herdswith
diarrheal problems compared to 39% of the control
herds. Brachyspira hyodysenteriae, the cause of swine
dysentery, and Salmonella were detected in 14% and
13% of the case herds, respectively. Weakly hemolytic
Brachyspira sppincluding B. pilosicoli, the cause of
spirochaetal colitis, were detected in 39% of the case
herds.

In endemically infected herdsL. intracellularisis
present in al groups of animalsincluding sowsand
suckling piglets. However, the prevalence peaked in 6 to
8 weeks old weaned pigs.

To determinethe herd-level and within-herd
prevalence of L. intracellularisin Danish finishing pig
herdswevisited 79 randomly selected herds. L.
intracellulariswasfoundin 94% of the herdswhereas
the herd prevalence of B. hyodysenteriae and weakly
hemolytic Brachyspiraspp were 2.5% and 50%,
respectively. The within prevalence of bothL.
intracellularis andB. hyodysenteriae were 25— 30%.

Theinfection dynamicsof L. intracellularisfrom
weaning to slaughter in 5 herdswere studiedina
longitudinal survey. Most L. intracellularisinfected pigs
were shedding at 8-12 weeks of age. Infected pigswere
shedding for 2-6 successiveweeks—after 18 weeks of
age all shedding was ceased. The growth rate of infected
pigs seemed to decreasein the period of shedding.

Besidestherapeutic use of antibiotics eradication of
L. intracellularisby medication hasbeen showntobe
possiblein sow herds.
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24. Alternatives to AGPs in broiler production

Ricarda M. Engberg,
Danish Institute of Agricultural Sciences, Dep.
of Animal Nutrition and Physiology

Summary

Inthe present paper different dietary approachesto
manipul ate the gastro-intestinal microflorain order to
improve growth and health in broiler chickensare
described. Theimportance of thefeed structurein
broiler nutrition aswell asthe use of feed additiveslike
non-starch polysaccharide (NSP)-degrading enzymes,
organic acids, probiotics, prebioticsand essential oils
arediscussed.

Among the presented feeding strategiesthe most
promising arethedietary addition of NSP-degrading
enzymes, e.g. Xylanase, aswell asthe use of whole
wheat, whichisthe currently common feeding practice
in Danish broiler production. Xylanase decreases digesta
viscosity resulting inanimproved nutrient digestibility
and consequently enhanced broiler growth. The
beneficial effect of wholewheat feeding isattributed to
areduction of the gizzard pH and an increased retention
time of thefeed inthegizzard. Thisresultsina
reduction of the popul ation of |actose-negative bacteria,
e.g. Samonella, and of Clostridiumperfringens. The
gizzard can beregarded as abarrier organ in preventing
the entrance of potentially pathogenic bacteriato the
small intestine.

Introduction

Thesearchfor aternativesto AGPsin broiler
production has occupied our minds sincethese
substances were banned in Denmark in January 1998. In
order tofind appropriate substitutes, it isimportant to
briefly reflect on the benefits and working mechanisms
of AGPs.

All AGPspreviously usedin broiler production
preferentially target gram-positive bacteria. With respect
to bird health, this property makesthem very suitablein
the prevention of necrotic enteritis caused by
Clostridium perfringenstypeA. With respect to their
beneficial effect on broiler performance AGPshave
showntoinhibit intestinal bacteriacompeting with the
host for available nutrients. It isreasonableto assume
that the microflorainthe small intestineisof major
importancein thisrespect, since absorption of nutrients
mainly takes place at thislocation. The dominant
bacteriainthe small intestine are gram-positive bacteria
bel onging to the group of lactobacilli and enterococci.
Furthermore, Clostridiumperfringensisvery abundant,
especially inthelower small intestine. Lactobacilli are

generally believed to offer health benefitsfor the host.
The production of lactic acid resulting in areduction of
intestinal pH, aswell asthe production of bacteriocins,
and the stimulation of thelocal intestinal immunity are
all factorsexerting ahostile environment for undesirable
bacteriaof the gram-negativeflora, e. g. E. cali,
Campylobacter, and Salmonella. However, the majority
of lactic acid bacteriaaswell asClostridium perfringens
are capable of bile acid-deconjugation, which hampers
intestinal fat emulgation, formation of micellesand
consequently the absorption of lipids (Knarreborget al .,
2002). Bearing theroleof theintestinal microflorain
broiler growth depressionin mind, it isobviousthat
alternativesto antibiotic growth promotersshould aim at
thereduction of theintestinal bacterial number and
fermentation activity. This can be achieved in two ways:
Oneway istoincreasethedigestibility of thebroiler
feed. Thisleadsto areduction of undigested material in
thesmall intestine and minimisesthe substrate available
for microbial growth and fermentation. The other way of
achieving areduced microbial growthinthe small
intestine and thereby growth promotion, isthe addition
of compoundswith bacteriostatic properties. Fromthe
aspect of health it would be desirableto aim this
bacteriostatic effect at undesirable potentially
pathogenic bacteriaincluding E. coli, Salmonella,
Campylaobacter and C. perfringens.

Inthefollowing different approachesto manipulate
thebroilersintestinal florain order toimprovegrowth
and health are presented.

Non-starch polysaccharide (NSP)-degrading
enzymes

The dietary addition of enzymes degrading non-
starch polysaccharides (NSP), e.g. xylanases and b-
glucanases, has shownto reduceintestinal viscosity and
toincrease nutrient digestibility, thusresultinginan
improved broiler performance (Table 1), in particular
when high amounts of wheat or barley arefed. Another
positive effect of exogenous enzymesisareduction of
the consumption of drinking water (Table 1), which
improvesthequality of thelitter.

Sincethedietary inclusion of water-solubleviscous
polysaccharides does not lead to growth depressionin
germfreechickens, it seemsthat theintestinal micro-
floraalso playsacentral roleinthe mediation of growth
responseto enzymes. NSP-degrading enzymesare
hypothesised to work in two steps, which may be
described by anileal phase and a caeca phase. During
theileal phase enzymesremovefermentable substrates
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Table 1. Body weight, feed conversionratio (FCR), and water intake of 42 d old broiler chickensfed with
anaer obi cally stored wholewheat (ASYWW), conventional ly stored whol ewheat (CSWW) and ground wheat (pell ets)

with or without addition of xylanase

Treatment Effect of treatment
Form of wheat ASWW CcsSww Pell et Wheat form Xylanase
Xylanase - + - + - + P-value
Body weight (g, 42 2092 2128 2075 2116 2107 2143 0.147 0.003
d)
FCR (kg feed/kg 1.68 172 1.64 1.58 1.74 1.67 0.001 0.229
gain)
Water (ml/bird) 6479 6259 6578 6237 6758 6508 0.001 0.001

and during the caecal phase, degradation products of
sugarslikexylose and xylo-oligomersarefermented by
caecal bacteria, thus stimulating the production of
volatilefatty acids and the growth of “beneficial
bacteria’ (Bedford, 2000). Thisisillustrated by a
decreasein caecal pH following addition of xylanaseto
wheat based diets (Table 2). In Denmark, the feeding of
wholewheat as a supplement to a pelleted compound
broiler feed iscommon practice. Experimentscarried
out inour laboratory show that the addition of enzymes
isparticularly important when feeding whole wheat,
sincewholewheat increases chymeviscosity as
comparedto apelleted feed. (Figurel).

Over thelast approximately 5 yearsfeeding
enzymes have become standard in the formulation of
Danish broiler diets. The use of enzymesis probably one
of themain reasonswhy the elimination of AGPsin
Denmark, where broiler diets are wheat based, did not
have dramatic consequencesfor broiler performance.

Feed structure

The structure of thefeed e.g. thefeeding of a
coarsely ground mash or thefeeding of whole grainshas
astrong effect on the physiological function of the
broiler gastrointestinal tract (Svihuset al., 1997,
Engberget al., 2002).

lleal viscosity

cps
w

nphnhn

ASWW ASWW CSWW CsSwWw
xyl. - xyl. + xyl. - xyl. +

Pellet
xyl. -

Pellet
xyl. +

Figurel. Ileal viscosityinbroiler chickensfed with
anaerobically stored wholewheat (ASWMW),
conventionally stored wholewheat (CSWW) and ground
wheat (pellets) with or without addition of xylanase

We conducted an experiment with broiler chickens,
wherewheat (variety Kris) harvested from the same
field was either fed aswholewheat stored anaerobically
(ASWW) or conventionally (CSWW) or fed asground
wheat included in pellets. All dietswere fed with or
without addition of xylanase. Differences between birds
receiving ASWW and CSWW were only marginal,
whereasdistinct differenceswere observed between
animals supplemented with wholewheat and pellet-fed
birds. Thefeeding of wholewheat significantly
improved FCR and reduced the water intake as
compared to pellet fed birds (Tablel). The pH valuein
the contents of the gizzard and proximal part of the
small intestinewas significantly lower in birds
supplemented with wholewheat as compared to pellet
fed birds, which indicatesastimulation of gastric
functionse.g. hydrochloric acid secretion (Engberg et
al., 2002). Further, birdsfed with whole wheat had
significantly higher gizzard weights and a higher amount
of gizzard contentswith ahigher DM content (results
not shown). Wholewheat feeding slightly stimulated the
population of lactic acid bacteriain the upper small
intestineand reduced theintestinal number of
Clostridiumperfringens andlactose-negative
enterobacteria(Table2).

Itishypothesised that the stimulation of gastric
functions (low gizzard pH and higher retention time of
thefeed) contributesto agrowth inhibition of potentially
pathogenic bacteriaof thegram-negativeflora, e.g.
Salmonella, which are not very acid tolerant (Naughton
and Jensen, 2001). Thegizzard can therefore be
regarded as barrier organ in preventing the entrance of
thesebacteriatothedistal intestinal tract. Furthermore,
thelow counts of Clostridium perfringensobservedin
the groups fed whole wheat indicate abeneficial
influence on animal health considering therole of these
bacteriain the devel opment of necrotic enteritis.

The protective effect of wholewheat against
Salmonellawas confirmed in astudy with broilers
infected with arifampicin resistant Salmonella
typhimuriumDT2110at 14d. Although caecal
colonisation could not be prevented in the young bird (4
dayspost infectionem) receiving only 10% of
supplemental whole wheat, inthelater growth phase
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Table2. Intestinal pH, lactic acid bacteria, coliformbacteria, lactose-negative enterobacteria, andClostridium
perfringens in selected intestinal segments of broiler chickensfed with anaerobically stored wholewheat (ASMW),
conventionally stored wholewheat (CSWW) and ground wheat (pell ets) with or without addition of xylanase

Treatment Effect of treatment
Form of wheat ASWW CSww Pellet Wheat Xylanase
form
Xylanase - + - + - + P-value
pH
Gizzard 305 29 2.88 3.05 3.34 3.56 0.003 0.386
Jejunum 564 564 5.61 5.50 5.79 5.63 0.014 0.048
Caeca 5,66 5.49 5.62 5.50 5.61 5.56 0.868 0.017
(log CFU/g digesta)
Lactic acid bacteria
Jejunum 824 842 8.37 8.60 8.06 8.21 0.070 0.095
[leum 9.08 917 8.80 9.12 8.90 9.12 0.279 0.019
Coliform bacteria
Jejunum 510 5.60 5.53 5.78 5.74 5.91 0.345 0.252
[leum 6.93 7.14 7.50 7.14 7.40 7.52 0.136 0.970
Lactose-negative
enterobacteria
Jejunum 406 441 4.30 4.60 511 5.29 0.008 0.271
[leum 536 5.36 5.97 5.84 6.72 6.87 0.001 0.976
Caeca 572 519 5.97 5.59 5.98 6.06 0.224 0.304
Rectum 559 572 6.58 5.84 7.00 6.94 0.001 0.379
Clostridium
perfringens
[leum 525 545 572 5.39 6.44 6.28 0.081 0.791
Caeca 578 5.45 5.67 571 6.52 6.42 0.053 0.675

significantly decreased numbers of Salmonella
typhimuriumwerefound inthegizzard and ileum of
birds receiving 30% whole wheat. This meansthat a
possiblere-infection by uptake of small concentrations
of Salmonella can be naturally prevented by whole
wheat, through a decrease in gizzard pH. Keeping that in
mind wholewheat is suggested to be also very suitable
inthenutrition of egg-layers, sincethe digestivetract of
adult birdsis more capabl e of wholegrain digestion.

Organic acids

Theantibacterial activity of organic acidsisrelated
to thereduction of pH, aswell astheir ability to
dissociate, which is determined by the pK -valueof the
respective acid, and the pH of the surrounding milieu.
Theantibacterial activity increaseswith decreasing pH-
value. Organic acidsarelipid solubleinthe
undissociated form, in which they are ableto enter the
microbial cell. Onceinthecell, theacid rel easesthe
protoninthe more alkaline environment, resultingina
decrease of intracellular pH. Thisinfluencesmicrobial

metabolism inhibiting the action of important microbial
enzymes and forcesthe bacterial cell touseenergy to
release protons, leading to anintracel lular accumulation
of acid anions. The bacteriostatic effect of organic acids
ispreferentially aimed at gram-negative bacteria, since
these bacteriaarelessacid-tolerant ascomparedtoe. g.
lactic acid bacteria. Therefore, different combinations of
organic acid are extensively used as feed additivesin pig
productioninthe prevention of especially weaning
diarrhoea.

In poultry, organic acids are assumed to inhibit
growth of bacteriain the feed and in the upper part of
the digestivetract (crop and stomach) rather thanin the
intestine, which resultsin alower number of potentially
pathogeni ¢ bacteriaentering theintestine. Indeed, some
organic acids, e. g. formic acid and propionic acid (Bio-
Add™, 68% formic acid and 20% propionic acid) at
dietary concentrations of 0.6% seemto beableto
prevent Salmonellainfections (Berchieri and Barrow,
1996).
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Table 3. Productionresultsof broiler chickensreceiving increasing concentrations of benzoic acid and avilamycin

Benzoic acid (%) Avilamycin

- 0.1 0.2 04 0.8 10mgkg P-vaue
Body weight (9)
15d 347 3632 350 329 315¢ 3612 0.0004
29d 1007° 10642 1020 % 979%™ o041 ¢ 1065 2 0.0001
43d 1900° 1947° 1900° 1887° 1770°¢ 20373 0.0001
Feed intake (o/bird)
1-43d 3574° 37402 3503° 3468 ™ 3411°¢ 37682 0.0001
FCR (kg feed/kg gain)
1-43d 1.92° 1.96% 1.93%® 1.87° 1.97° 1.88%  0.0009

Means in the same row followed by different superscript letters (ab,c) differ significantly

Benzoic acid is not approved as afeed additive or
preservativefor animal feed, but isextensively used as
food preservative in human nutrition. In an experiment
with broiler chickenswe added benzoic acid to broiler
dietsat concentrations of 0%, 0.1%, 0.2%, 0.4% and
0.8%. One group received adiet supplemented with
Avilamycin (10 mg/kg feed). Benzoic acid in concentrat-
ionsof 0.1% benzoic acid stimul ated broiler growth up
to approximately 4 weeks of agein the samerangeas
avilamycin. Theincreasein weight gain could berelated
to asignificantly higher feed intakein that group (Table
3). Benzoic acid at concentrationsof 0.8% resultedina
significant growth depression associated witha
significantly decreased feed intake.

Probiotics, prebiotic and essential oils
Probioticsaredefined aslivemicrobial feed
additives, which beneficially affect theanimalsby
improving their microbial balance (Fuller, 1989). At
present 19 microorganism preparations, among them 7
for theusein poultry, are provisionaly or finally
authorised asfeed additiveswithinthe EU. The
approved organismsfor theusein poultry belong to the
bacterial generaof Enterococcus, Bacillusandinone
case Pediococcus aswell asthe yeast Saccharomyces
cerevisiae. Thedifferent modesof action of various
probiotic strainsarefar from understood (Review by
Ghadban, 2002). However, the production of bacterial
metabolitesintermsof organic acidsin particular lactic
acid (reduction of pH), aswell as hydrogen peroxides
and bacteriocins have been suggested to beresponsible
for an antagonistic effect towards possible pathogenic
bacteriaof thegram-negativeflora, e. g. Salmonella.
With respect to growth performance, some probiotics
areknown to produce digestive enzyme such asamylase,
protease and lipase, which may enrich the concentrations
of theintestinal digestive enzymes of the host and
thereby support nutrient digestion. Furthermore, a
reduction of bacterial anmoniaproduction causing
damageson theintestinal cell surfaces, aswell asa
stimulation of thelocal immune system werereported as
beneficial effectsof probiotics. Looking at theliterature,

it seemsthat |actobacilli arethe most studied organisms
and considering health, most beneficial effectsare
assumed related to these bacteria.

However, unlike human nutrition wherelactobacilli
can be provided viaconsumption of different fermented
milk products, lactobacilli are not applied to broiler
feed. Thisismanly dueto their instability to high
temperaturesduring feed processing. Itispeculiar that
organisms like Enter ococcus faeciumshowing astrong
bile acid deconjugation activity and possibly hampering
fat absorption (Knarreborg, 2002), are used as probio-
ticswherethese organisms are expected to enhance
growth. The published studies conclude, that the efficacy
of the above mentioned probiotics seemstovary alot.
However, most of these studiesreport on slight
improvement of bird performanceconsidering feed
conversion ratio and/or weight gain. Theresults of our
own study with three probiotic strains (twoEnerococcus
faeciumstrainsand one Bacillus coagulans strain) point
inthesamedirection (Table4). Slight improvements of
weight gain and feed conversion ratio were observed at
21 dfollowing dietary addition of probiotics.

Prebioticsare non-digestiblefeed ingredients, which
arefermented in the digestivetract, wherethey
selectively stimulate growth or metabolic activity of
“beneficial bacteria’. Tothiscategory of feed additives
belong specia carbohydratese.g. fructo-
oligosaccharidesinulin, and pectin. It has been shown
that inulin, which selectively stimulates bifidobacteriain
humans, isfermented in the chicken intestine by
Enterobacteriaceae and Streptococcaceae (Simon and
Jadamus, 2002).

Essential oilsareextractsof different plant, which
work as appetisersand stimulate digestive enzyme
activity, thusimproving nutrient digestibility. As
mentioned before regarding the working mechanisms of
NSP-degrading enzymes, an improved digestion will
result inareduction of substrate availablefor bacteria
growthinthesmall intestine. At themoment researchis
in progressthat aims at acombination of essential oils
with acidifiersand probiotics (Kamel, 2002).
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Table4. Productionresultsof broiler chickensfollowing dietary addition of three different probiotic bacterial

strainsover 42 days

Negative B. coagulans B. coagulans E.faecium E.faecium E. faecium

Control Product A Product A Product B Product B Product C
(per kg feed)

'0Se - 1x108 1x10° 1x10° 1x10° 5x10°8 P-value
ody weight (9
1d 6292 6292 650° 643% 656 ° 649° 0.036
2d 2145 2154 2167 2178 2177 2168 0.755
CR (kg feed/kg gain)
-21d 1.462 1443 1.42% 1.43° 1.40°¢ 1.43b 0.001
-42d 1.68 1.66 1.66 1.68 1.68 1.68 0.807

Means in the same row followed by different superscript letters (ab,c) differ significantly

Conclusion and perspectives

Looking back, it seemsthat the broiler productionin
Denmark has not suffered agreat deal from theremoval
of AGPs. Thismay be partly due to animprovement in
the producers” management practicesaswell asthe
extensive use of whole wheat and feeding enzymes. The
composition and the structure of poultry feed arethe
most important factors modul ating digestive physiology
andtheintestina microflora. In particular problems
associated with necrotic enteritis (Clostridium
perfringenstypeA), which have previously been
controlled by AGPsdid not increasein the absence of
these substances. Itisvery likely that the extensive
continuous use of ionophoreanticoccidials, which also
target gram-positive bacteria, isthe main reason why
these problemsdid not occur in Danish broiler
production. Although attenuated live vaccines against
coccidioseas substitutesfor ionophoresand chemical
anticoccidialsare available now, their useisnot very
common mainly because of higher costs. Furthermore,
coccidial sporozoitesinthe vaccine are suspected to
cause small mucosal lesions, which may increasethe
risk of intestinal colonisation with Clostridium
perfringensresultingin higher frequency of necrotic
enteritis. If stepsaretaken towithdraw ionophore
antibioticsfrom thefeed, necrotic enteritiswill
undoubtedly be the most urgent problem to be solved.
Basic research considering thefactorsthat lead to
intestinal colonisation and trigger thetoxin production
of Clostridiumperfringensisnecessary inorder to
develop appropriatefeeding strategiesto reduce necrotic
enteritis.
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25. Alternatives to AGP in pig production — practical

experience

Niels Kjeldsen,
The National Committee for Pig Production
Denmark

Focus on alternatives

TheNational Committeefor Pig Production tests
variouscommercial productsin co-operationwith the
companies selling the products. Thisisnecessary as
documentation for the effect isrequested by pig
producers, advisorsand producers of feed.

A large number of Danish trialswith antibiotics has
been carried out. Thetable below showstheresults
achieved intrialswith growth promotersthat arelegal in
the EU in 2002 (Avilamycine, Flavomycine and
Salinomycin) compared with anegative control group.

Antibiatic growth promotersareno longer usedin
Denmark. A voluntary agreement between pig producers
and slaughterhousesin 2000 banned the use of antibiotic
growth promoaters.

Thefollowing tables show the effect of alternatives.
Inal the tables, the group to which the product was
added is compared with a negative control group
(without antibiotics).

Acid products - preservatives

Preservatives are used to extend the shelf-life of
perishablesparticularly inthefoodstuff industry.
Preservativesarealso used infarming, particularly
products such asformic acid in whey and chemical
treatment of cerealswith propionic acid. Acidisoften
added to weaner feed to preserve and to reduce the acid
binding capacity of thefeed.

The group of preservatives comprisesawiderange
of acidsand salts. The effect of the preservativesis
caused by arestraint of the growth of unwanted micro-
organismsin feed and stomach.

Danish results with acid products —
preservatives

A number of trials has been carried out in Denmark
with organic acids and mixes of thisto weanersand
finishers, and therewas great variationinthetrials (table
2). Oneof thereasonsfor thegreat variationisthe dose
and the actual concentration of acidsinthe products,
which vary greatly between thetrials.

Table 1. Effect of antibiotic growth promoters on productivity, changein %

Weaners Growers Finishers
No. of trials 5 6 5
Daily gain +10.8 +2.5 +2.8
Feed conversion -34 -2.5 -2.4
No. of trials with a significant effect on productivity 2 0 0
Table 2. Effect of acid products on productivity, changein %

Weaners Finishers

No. of trials 49 10
Daily gain +6.3 +0.4
Feed conversion -2.2 +0.2
No. of trials with asignificant effect on productivity 14 0

Working Papers 117



Beyond Antimicrobial Growth Promoters in Food Animal Production

118

Table 3. Effect of individual acid products on productivity, change of production result, %

Acid/acid salt Dose, Daily gain | FUp/kg | Product Source

%* gain ivity
Weaners
Calprona 1.4/1.2 +10.7 -5.8 * LU Rep. no. 364, 1997
Calprona 1.4/1.2 -4.7 -0.6 - LU Rep. no. 364, 1997
Fra-acid 0.75/0.5 +6.8 -1.1 * LU Rep. no. 365, 1997
Formic acid in water 0.2 +8.0 -3.1 * LU Rep. no. 342, 1996
Formic acid in water 0.2 -0.8 +2.7 - LU Rep. no. 342, 1996
Fumaric acid 15 27 +2.7 - LU Rep. no. 73, 1985
Fumaric acid 15 +5.0 -2.1 - LU Rep. no. 73, 1985
Acid Lac 0.5 +3.6 -3.3 - LU Rep. no. 322, 1995
Acid Lac dry 05 +2.9 0.0 - LU Rep. no. 384, 1998
Bio Add 0.5 -0.6 -1.1 - LU Rep. no. 322, 1995
Aciprol Micropearls 0.2 +7.8 -3.9 * LU Rep. no. 371, 1997
Nutricid 04 +5.0 -2.8 tendency | LU Rep. no. 371, 1997
Probicid 0.8 +16.9 -35 * LU Rep. no. 396, 1998
Bio-pro 0.2 +15.3 -2.3 * LU Rep. no. 396, 1998
Calcium formate 1.25 +16.4 -6.9 * LU Rep. no. 396, 1998
Bolifor FA 2000 0.65 +185 -5.2 * LU Rep. no. 396, 1998
Selacid 05 +4.8 -2.3 - LU Rep. no. 384, 1998
Luprocid 0.6 +8.8 -1.2 * LU Rep. no. 409, 1999
Lafeed 80 2.0/1.0 +5.5 -2.9 * LU Rep. no. 428, 1998
Zoolac - (g/gris) 6.4/12.8 -11 -1.2 - LU Rep. no. 407, 1998
Eroacid LFPA 0.4 +6.8 -0.6 - LU Rep. no. 441, 1999
Greenacid LBF 0.4 +7.8 -2.3 - LU Rep. no. 441, 1999
FormiO LHS 0.6 +17.8 -8.8 - SH Rep. July 1999
FormiO LHS 12 +23.1 -12.7 - SH Rep. July 1999
FormiO LHS 18 +32.7 -12.7 - SH Rep. July 1999
Calcium formiat 1.25 +3.6 -6.0 tendency | LU Rep. no. 445, 1999
Sorbic acid 20 +8.7 -5.5 * LU Rep. no. 445, 1999
Bolifor FA 2000 0.3 +5.2 -1.7 - LU Rep. no. 461, 1999
Bolifor FA 2000 0.7 +2.5 -3.3 - LU Rep. no. 461, 1999
Lactic acid 0.7 0 +2.3 - LU Rep. no. 469, 2000
L actic acid 14 +4.8 -0.6 - LU Rep. no. 469, 2000
Lactic acid 28 +3.8 +0.6 - LU Rep. no. 469, 2000
Formic acid 0.7 +5.8 -1.8 - LU Rep no. 469, 2000
Formic acid 14 +3.6 -0.6 - LU Rep no. 469, 2000
Luctacid HC 0.2/0.2 +3.1 +0.5 - LU Rep. no. 474, 2000
Luctacid Pig|ets 0.3/0.3 +5.7 -1.6 - LU Rep. no. 474, 2000
Mastercid 90 0.5/0.5 -26 -0.5 - LU Rep. no. 474, 2000
AciForm 0.6/0.5 +1.5 -5.0 tendency | LU Rep. no. 477, 2000
AciForm 1.2/1.0 +3.5 -5.0 * LU Rep. no. 477, 2000
Lactic acid+formic 0.7/0.7 +7.4 -2.6 * LU Rep no. 490, 2000
acid
Benzoic acid (not 2.0/1.0 +13.1 -31 * LU Rep no. 490, 2000
allowed in the EU)
HSK 2000 1.2/0.6 +2.3 +0.5 - LU Rep. no. 492, 2000
HSK 2000 1.2/1.2 +3.7 +2.7 - LU Rep. no. 492, 2000
HSK 2000 18/1.2 +0.2 +8.7 - LU Rep. no. 492, 2000
Formic acid 0.7 +4.8 -2.6 tendency | LU Rep. no. 519, 2001
SoftAcid 11 1 +4.8 -1.6 - LU Rep. no. 537, 2001
SoftAcid 11 15 +5.9 -2.7 - LU Rep. no. 537, 2001
SoftAcid I 2 +2.1 -0.5 - LU Rep. no. 537, 2001
Gustor 0.3 +0.7 -1.0 - LU Rep. no. 544, 2002
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Finishers
Acid Lac 03 +1.8 -29 - LU Rep. no. 341, 1996
Bioacid 0.3 -1.8 0 - LU Rep. no. 318, 1995
Bactacid 0.2 +1.0 +0.4 - LU Rep. no. 318, 1995
Bactacid 0.3/0.25 -0.1 -0.7 - LU Rep. no. 402, 1998
Modified Bactacid 0.3/0.25 +0.7 +15 - LU Rep. no. 402, 1998
LA-Mix 05 -0.6 +1.2 - LU Rep. no. 415, 1999
Genes 0.2 +1.1 +0.4 - LU Rep. no. 450, 1999
Formi®LHS 0.6 -0.2 +1.2 - LU Rep. no. 489, 2000
Formi®LHS 1.0 -05 +0.8 - LU Rep. no. 489, 2000
Acid one 2.0 +2.5 +0.4 - LU Rep. no. 489, 2000
* Significant difference in productivity compared with control (P <0.05).
Tendency | Tendency towards difference in productivity compared with control (P <0.10).
Neither tendency nor significant differencein productivity.

! If two doses are stated, the first figure represents the dose of diet 1 (4-6 weeks of age) and the
second figure represents the dose in diet 2 (6-10 weeks of age). For finishers the dose is stated
for the periods 30-60 kg and 60-100 kg.

LU: The Danish Applied Pig Research Scheme, the National Committee for Pig Production,
DANISH BACON AND MEAT COUNCIL.

SH: The Danish Institute of Agricultural Sciences.

Fourteen weaner trials showed an effect on
productivity. Noneof thefinisher trials showed any
effect on productivity.

Enzymes

Enzymes are foud in plant and animal tissue, and
they are part of the construction and decomposition of
chemica compounds. Enzymeswork by accelerating
chemical processeswithout being used themselves.

Enzymesdisintegrate the components of thefeed of
protein, carbohydratesand fat to unitssmall enough to
passthrough the mucosain theintestinesand to the
lymph or the blood. Enzymes are very specific, i.e. they
can only disintegrate one particular kind of bond.
Therefore, theenzymesused must match theingredient
composition of theindividual diet. Enzymesthat can be
added to pig feed are e.g. phytase, xylase, b-glucanase,
amylase, cellulase, and a-gal actosidase.

Danish results - enzymes

A number of trials have been carried out in Den-
mark with enzymesin feed for weanersand finishers
(tabled).

No trial swith enzymes added to weaner feed
showed apositive effect on productivity. Onetrial with
theenzyme product Porzyme 9300 for finishersshowed
apositiveeffect on the productivity, while another
showed atendency.

Micro-organisms
Microbial culturesare added to feed to stabilisethe
microbial activity intheintestinal tract. Theeffectis
expected to be:
Excretion of substances restricting pathogenic
bacteria and enhancing growth of “good” bacteria
Excretion of digestive enzymes

Increased competition for nutrientsin the

intestines so that the original intestinal flora
and the amount of pathogenic bacteriais
reduced

Some micro-organismsare spores, while othersare
added asliving cells (freezedried). Theformis
important to the stability of the micro-organisms
particularly during pelleting. It isessential to ensurethat
that product used tolerates heating and pelleting and that
theefficiency isnot reduced by other substancesinthe
feed (such asacids, minerals, etc.).

Danish results — micro-organisms

Trials have been carried out in Denmark with
microbial culturesfor weanersand finishers, cf. table5
below.

Addition of Paciflor reduced the number of
treatmentsfor diarrhoeasignificantly (from 19.9%inthe
control group to 4.4% inthetest group). When
L actiferm was added to the feed, there was atendency
towardsfewer treatmentsfor diarrhoeacompared with
control. Theremaining trialswith micro-organismsdid
not show any positiveresults. Themicrobial culturesare
expected to havethe greatest effect in periods of
problems such as at weaning, when changing diets, poor
climateetc.

Oligosaccharides

Oligosaccharides are not defined as additives. They
are characterized as afeedstuff and can be added to the
feedwithout registration.

Expected effect of oligosaccharides
Many pathogenic bacteriaattach themselvesto the
surface of the intestines as do many toxins and viruses.

Working Papers

119



Beyond Antimicrobial Growth Promoters in Food Animal Production

120

There are indications that polysaccharides are
capable of binding the pathogenic bacteria. Thereby the
pathogenic bacteria are prevented from attaching to the
surface of theintestine, which makesthe pathogenic
bacteriaunableto establishinthe gastro-intestinal tract,
but are “washed out” with the remaining intestinal
content.

Addition of oligosaccharidesto thefeed may result
inachanged/increased fermentation in the stomach,
terminal ileum and also in the caecum and the large
intestine. Hereby the natural bacteriafloraisstimulated,
whichislikely torestrain growth of pathogenic bacteria.

Danish results — oligosaccharides

Notriaswith oligosaccharides showed an effect on
productivity, but there was atendency towardsincreased
productivity inatrial with fructomix for weaners.

Aromatic and appetizing compounds

Thisgroup of additivesis particularly used in feed
for weanersto make the feed as attractive and tasty as
possible.

Plant extracts

Plant extracts are defined as an independent group
of additivesand is often placed under the group of
aromatic and appetising compounds. Plant extractsand
herb productsare not additivesaccording to legislation,
but feedstuffs.

Danish results - aromatic and appetizing
compounds

Oneweaner tria with the product AB-naturmix
showed an effect on productivity. Twofinisher trias
with Sangrovit and New-Add |1, respectively, showed an
effect on productivity.

Theabovetria resultsoriginatefromtrialscarried
out at the experimental stationsof the National
Committeefor Pig Production without great disease
problems and where only the individual additive
distinguishesthetest groupsfrom each other. In order to
assessthe possibilitiesfor reducing the problemsthat
have occurred in many herds as a consequence of the
removal of growth promoters, anumber of multi-
factorial trials have a so been carried out in herdswith
problems; the so-called optimised management.

Optimised management

Optimised management in the weaner unit was
studied in eight problem herds and was compared with
the normal practice of the herd of tending to and feeding
the pigs. The aim wasto improve health and production
results. All the herdswere characterized by asignificant
prevalence of diarrhoea post-weaning and use of
systematic medication to control the outbreaks of
diarrhoea.

Optimised management with no growth promoters
was compared with use of antibiotic growth promoters.

Table 4. Effect of enzymes on productivity (includes only trials comparing diets with an identical
composition of ingredients), change in %

Weaners Finishers
No. trials 9 2
Daily gain +2.1 +1.7
Feed conversion -0.2 -2.9
No. of trials with a significant effect on productivity 0 1
Table 5. Effect of micro-organisms on productivity, changein %.

Weaners Finishers
No. trids 15 2
Daily gain +1.01 -0.4
Feed conversion -04 -0.9
No. of trials with a significant effect on productivity 0 0
Table 6. Effect of oligosaccharides on productivity, changein %

Weaners Finishers
No. trids 5 2
Daily gain +1.3 +0.8
Feed conversion -1.8 0
No. of trials with a significant effect on productivity 0 0
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Overdll, optimised management had very varying
effects. Health wasimproved in four herds, unchanged
intwo and only in one case poorer than under the
normal practice of the herd where an antibiotic growth
promoter was added to the feed. The productivity was
substantially improved in three out of seven herdsand
reduced infour cases(cf. table 8).

Theextracosts of optimising the management
conditionswerein al cases higher thanthegaininthe
form of improved production results, fewer treatments
for diarrhoea and reduced mortality. Thus, therewasno
immediate cover for theimprovements.

It may be difficult to see how theseresultscan be
used in practice. However, they clearly demonstrate that
many herds have the potential to significantly improve
their health status and productivity within the existing
frames. Thisimprovement must be achieved with the
lowest possible costs, and the measuresin thesetrials
can thus be used asinspiration. Theaim in every herd
must beto keep trying until they find the best solutions
and thereby keep the costs down. In practice thismeans
that the profit must cover the costs better thenin these
trials. These experiences areimportant to keepinmind
when the existing housing system needs renovation.

Conclusion

In controlled trial swith different additivesadded to
thefeed for weanersand finishers, the greatest positive
effect on productivity wasfound in the group of organic
acids, mainly when added to weaner feed. The effect
depends on the dose and on the composition of the acid.

In herdswith problems, itisnot sufficient to simply
replace an antibiotic growth promoter with organic
acids. However, acombination of anumber of manage-
ment effortsincluding changesin feed hasin anumber
of problem herdsimproved the heal th status, while the
effect on productivity varied. In most of these herds, the
costs connected to optimised management exceeded the
improvementsin health and productivity.

Table 7. Effect of plant extracts on productivity, changein %

Weaners Finishers
No. trials 22 13
Daily gain +2.1 +0.6
Feed conversion -0.5 -0.6
No. of trials with a significant effect on productivity 1 2

Table 8. Effect of optimised management in problem herds compared with control (normal practice
with a growth promoter in the feed)

Report no. 504 507 539 540 560 560 571 572
(Herd) @ @ ) 4 (©) 6)* @) (8)
Productivity Reduced | Reduced | Reduced | Reduced | Improved - Improved Improved
Health Reduced The Reduced | Improved | Improved | Improved Improved Thesame
(diarrhoea) same

* The result must be interpreted with caution as the trial only comprised few blocks.
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26. Reducing the use of antimicrobials in pig herds by
improving data on disease treatment and disease

Niels Peter Baadsgaard, DVM, Ph.D.,
Department of Animal Health and Welfare,
Danish Institute of Agricultural Sciences
Denmark

Abstract

In Denmark data are gathered on the use of
antimicrobialsin animalsand in humans and on
antibiotic resistancein Danmap. It isimportant to have
such amonitoring program at the national level. This
paper seeksto draw attention to the herd level
perspective also when dealing with use of
antimicrobials; to the decision-makersat the herd level,
that isthe practising veterinarian and the pig manager.
Toassesstheclinical efficacy and to makethe correct
decisionson treatment, they must have accesstovalid
data on the actual disease level and on the amount of
antimicrobialsused. Currently, little effort hasbeen
made to use such data actively in herd-health manage-
ment. Consequently, theincentiveto record data
accurately islow and only limited data of questionable
validity areavailable on the actual use of antimicrobials
in aherd and on the actual disease level in the herd.

At thenational level it may sufficeto makeraw
accounts of thetotal usage. Itisageneral findingin
these accountsthat thereisavery large variation among
herdswhen comparing the crude amounts used.
However, toreflect the actual treatment level in the herd,
theaccountsat the herd level require additional informa-
tion such asthe actual diseaselevel, the actual dosages

used and the expected weight interval of the treated pigs.

Prior to making any conclusive statements about the
resultsfrom anindividual herd and to taking pre-
emptive stepsto reduce the amount of antimicrobials
used, itisaprerequisiteto acknowledge the necessity of
having good data. Moreover, it is necessary to have a
fundamental understanding of the sourcesof the herd to
herd variation and of the complex relationship between
disease and treatment. Theresultsfrom our study
showed that differencesin disease management were
very important interms of explaining thetotal amount of
antimicrobials. In addition to monitoring thetotal
amount used, theseissues must be addressed if the
intentionisto reducethe amount of antimicrobialsused.

Introduction

In Denmark, thereisagrowing concern about the
useof antimicrobialsin livestock production, and a

surveillance system, the Danmap system (Danmap,
2001), hasbeen implemented to quantify the amount of
antimicrobialsused and to monitor thedevelopment in
antibiotic resistance. Morerecently, the V etStat-pro-
gramme has beenimplemented (Bager, 1999). VetStat
usestheamountsof prescribed antimicrobialstothe
herd asits primary data source. The database can be
used to monitor the usage at the national level but it also
contains accounts on the usage at the herd level.

Inthe existing datathere aretwo genera findings.
There hasbeen an increasein the total amount of
antimicrobialsused for livestock production and thereis
aconsiderable variation among the herdsin the amount
of antimicrobialsused. Therelationship between
treatment and diseaseisacontentiousissueinthe
ongoing debate about the use of antibioticsin livestock
production. Thisisparticularly the casefor pig
production, whichin Denmark isresponsiblefor 74% of
thetotal amount of antimicrobialsused for food animals
(Danmap, 2001). It isthe purpose of this paper to focus
on the relationship between disease and treatment ina
herd to gain abetter understanding of the observed
variation among the herdsin their use of antimicrobials.
With thisinformation concrete stepsto reducethe
amount used can be outlined.

The inextricable connection between
disease and treatment

Inclinical practiceitisgenerally acknowledged that
criteriafor treatment decisionsand di sease management
strategies may vary considerably among herds, and that
thisfact often jeopardisesany unequivocal relationship
between treatment and disease. In Fig.3 thetheoretical
relationship between disease and treatment isillustrated.
If an obvioustreatment effect were present, onewould
expect to seeadeclinein the diseaselevel, when the
treatment level increases (A). However, with increasing
diseaselevel inaherdit isconceivablethat one could
observetheoppositerelationship asanindication of a
reaction to the changeinthe herd (B). If no relationship
were present onewould expect to see (C). If high
diseaselevel sare accompanied by high use of
antimicrobials, isthisfinding anindication proper
reaction to disease or anindication of poor treatment
effect?Low diseaselevelsand high treatment levelsis
not always accompanied by adeclinein the treatment
level. Why change astrategy that works? Conclusively,
when dealing with theserel ationships one seemto be
faced with aninextricabl e cause-effect relationship.
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Relationship between disease and
use of antimicrobialsin aherd

Disease

7 >

A Antimicrobials

Fig. 3. Thetheoretical relationshi ps between disease
and use of antimicrobialsinaherd. With an evident
clinical treatment effect onewould expect to see (A).
However, withincreasing diseaselevelsone might also
seeanincreasein theamount of antimicrobial sused
(B). Ifthereisno relationship between the treatment
level andthediseaselevel the picturecould belikein

©).

In 2001 astudy was conducted at the Department of
Animal Health and Welfare at the Danish Institute of
Agricultural Sciences, wherethe objectivewasto study
the relationship between disease and treatment. Inthis
study the use of antimicrobialsand disease, measured as
clinical disease preva ence among theweaners, were
monitoredin the 15 herds. Therelationship between
clinical disease and treatment wasvery poor in these
herds, and thesefindingsled ustoinvestigate further
into the causes of thelarge variation among herdsin the
actual amount of antimicrobialsused. We encountered
two mgjor issues. Thefirstissuewasrelated to the data
used for measuring disease and treatment, and the
second issuewasrelated to variationin treatment criteria
among the study herds. Qualitativeinterviewswere
conducted with thefarmersand the prescribing
veterinarians, and the specific purposewasto identify
important variablesthat could explain the herd to herd
variation and some of the equivocal relationships
between clinical disease and treatment.

Quantification of disease and the use
of antimicrobials in a pig herd

Measuring disease

Inthe study we used clinical disease prevaenceas
themajor responseto treatment. Although aternative
measureslikedaily weight gain and mortality arealso
relevant the clinical statusof the population was con-
sidered aprerequisiteto any decision madeon
treatment. Currently inclinical practicesystematic
recordingsof theclinical disease statusof theherd are
generally not made.

Measuring the use of antimicrobials in crude
amounts

The manager and the practising veterinarian have
accessto somedataon theuse of antimicrobialsinthe
herd. The practising veterinarian visits most pig herds on
aregular monthly basis. At each visit an account of the
amount of antimicrobial sprescribed and used must be
rendered. Theamount of antimicrobia siscalculated on
the basis of mandatory farmer recorded disease
treatmentsin the preceding time period. The account
thus provides data on the amount used measured in raw
weight of each drug for each age group in the herd.

From 2002 the practising veterinarian had accessto
herd accounts on the amount of prescribed
antimicrobials measured in kg active compound
specified in agegroupsand diagnosesfrom VetStat.
There are, however, some magjor disadvantagesto these
accountsfor the personsinvolved in making treatment-
decisions. First, the account does not provide the user
with thedenominator for interpreting the datacorrectly.
Differencesin population sizes(i.e. herd sizes) may
account for alarge part of the observed variation.
Moreover, summarising kg active compound isapoor
measure of the actual treatment level in aherd, because
thisnumber isnot ameasure of the strength of the
compounds. Other important missing variablesarethe
actual weight of the treated animals. Because the data
consistsof the prescribed amount and not the actual
amount used in aspecified timeinterval, the data cannot
be used to makeinferenceson changesin the disease
management and the dynamics of thetreatment level in
the herd. Finally, there may be considerable
discrepanci es between the diagnoses and age groups
indicated by the prescribing veterinarian and the far-
mer’ sactual treatment. Conclusively, these accounts
only provideinformation on the crude variation in the
total amount used among the herds.

Measuring the use of antimicrobials using
animal dosages

A preferable and recommended approach (Danmap,
2001) would beto estimate the number of dosages used.
Hence the number will provide ameasure of the
estimated kg pig meat treated in the herd. Fig.1 provides
an exampl e of how such an account could look like for
15 sow herds. In these herds the number of dosageswas
calculated from the actual amount used per month using
the manufacturersrecommended dosages. Whenthese
were given as arange the maximum value was chosen
(VetStat usesthemedian value). To account for different
herd sizes, the number of dosages used has been
corrected for the number of sowsintheherds. Asseenin
the previousfigure the variation among the herdsis
immense. Another common finding isthat the magjority
of the consumptionisamong theweaners, where ora
compounds constitute the majority of the dosagesused.
However, thisaccount isal so only meant for making
crude herd comparisonsfor, say, oneyear, and it still
lacksthe necessary information to makeinferenceson
theactual treatment strategy in the herd.
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The number of dosages used per sow per month in
15 Danish pig herds
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Fig.1. A comparison of the total number of
antimicrobial dosages used per sow per month in 15
Danish sow herdsin 2001. The dosages have been
cal culated using the maxi mum dosage recommended
by the manufacturer

Measuring the use of antimicrobials as the
estimated treatment level
A third option would beto definethetreatment level
inaherd according to the general formula (Baadsgaard,
2001):
A

T=
D*W* L* P* R

IntheformulaT denotesthetreatment incidence.
Thetreatment incidence, T, isobtained from the
nominator, A, which isthe amount of active compound.
Dividing A with the dosage, D ~measured in mg or ml
per kg body weight, yiel dsthe estimated number of
dosages. Dividing again with W, which denotes the
weight of the pigs, yieldsanumber that iscomparableto

what is denoted Animal Defined Dosagesin Danmap,
with theimportant exception that W denotesanormal
probability distribution rather than a standard weight. In
thisdistributioninformation about the mean and the
standard deviation of the treated pigs can be included.
Furthermore, by including thetimeinterval, L, and the
population size, P, an incidence can be calculated asthe
number of treatments per pig-daysat risk. Finally, one
may wish to adjust the treatment incidence according to
the number of daysthe pigs have been treated;
symbolised with R. If L, Pand R are omitted, T will
simply denotethetreatment frequency. Besidesthe
expected weight distribution (W), it would make sense
alsotolet the dosage (D) and the popul ation size (P) be
included asdistributionsinstead of point estimates.
Consequently, thetreatment incidencewill also become
aprobability distribution, with amean and a standard
deviation that will reflect our uncertainty regarding our
estimate of the expected treatment incidencein the herd.

Fig. 2 shows an example of the development inthe
estimated treatment frequency in aherd based onthe
actual amount of dosages used. The two curves show the
estimated treatment frequency for two different weight
groups (i.e. age groups). The upper line showsthe
expected treatment frequency for amean of 10kg
bodyweight and a standard deviation of 2 kg, and the
lower line showsthe expected treatment frequency for a
mean of 20 kg body weight and a standard deviation of 2
kg. Thevertical lines show the 95% confidence
intervals. Asisevident from thefigurethe expected
weight distribution has alarge impact on the estimated
treatment level intheherd. Thesecalculationsonly
require somevery simplecal culations on already
existing data, and they can easily bedoneinasimple
spread sheet program.

Estimated treatment frequency in a herd for two mean weights
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Fig. 2. Estimated treatment frequency in a herd cal culated from the number of dosages used each month to the
weaner s. Thetreatment frequency hasbeen cal cul ated assuming two different mean body weightsin this particular

agegroup.
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The treatment criteria

Fromclinical practiceitiswell knownthat
treatment strategiesvary considerably among herds.
Based oninterviewswith the farmers and their
veterinariansweidentified thefollowing key issues:

Within the 15 project herds di sease management
strategiesvaried from injection and i sol ation of
individual diseased pigs and subsequent clinical
assessment of thetreatment effect for these pigson day
2 and 3, to water-medication in 8 days of whole sections
(800 pigsor more), if disease was observed in one pen.

Themere presence of amedicator for mixing
therapeutic drugsinto the drinking water or into thefeed
affectsthetreatment strategy.

In our study we used the veterinarian’ sclinica
assessment of thetreatment effect asthe response.
Although the veterinarian i sthe person responsible of
theamount of prescribed antimicrobialstotheherd, itis
thefarmer who actually performsthetreatmentsand
assessesthetreatment effect. Theinteraction between
thedecision-makersisthereforevita totheunderstan-
ding of the eventual treatment level in the herd.

The population dynamics of apig herd and the
intervalsbetween the veterinarian’ svisitsto the herd
impliesthat the veterinarian very seldom seesthe same
pigstwice. For example, with monthly intervals of the
visits, 3-weeksbatch operation systemsimply that the
age composition of theweanerswill vary considerably
fromvisit tovisit. The dynamicsof the population
therefore hasamajor impact ontheveterinarian’s
clinical observations.

In our study thetreatment level was calculated as
dosages per pig-day at risk and not treatments per pig-
day at risk. Hencewedid not correct for the differences
intreatment level sthat occurred dueto treatment of , say,
10 kg' sweight as opposed to 20 kg’ sweight. In addition
wedid not correct for the number of daysthe pigswere
treated. General recommendationson how to calculate
theactual treatment level inthe herdsaretherefore
needed.

Feeding strategiesand treatment strategieswere
changed continuously during the observation period and
added to the large variation that was observed within the
herds.

Recommendati ons on dosage and number of days
necessary for treating the pigsvaried considerably
among the parti cipating veterinarians.

Generally treatment costswere perceived as
being low. The average treatment costs per sow per
monthinthe 15 project herdswas approximately 1 euro
per sow per month. Most farmers stated that treatment
costswere not afactor, when decisionson treatment
were made.

Labour costs. Individual clinical assessment and
treatment of pigsrequire much labour. Thelack of
qualified labour isakey issueintoday’ s pig production
ingeneral.

Decisionstotreat are not always based on the
presence of clinical disease. “Poor growth” isalsoa
commonly used diagnosis.

Using pig’ sdaily water consumption to calculate
the amount of antimicrobialsneeded may yield quite
different resultscompared to astrategy, wherethe
weight distribution of the pigsisused to estimatethe
necessary number of dosages.

The eventual amount of antimicrobials used was
affected by actual procedurefor adding antimicrobialsto
thefood or to the drinking water.

Discussion

Inaddition to issuesrelated to lack of data, poor
quality of dataand specific accounting issues, therearea
number of factorsthat have alargeimpact on the
eventua use of antimicrobialsinaherd. Thesefactors
may in some cases berelated to the diseaselevel inthe
herd, but in other cases they may be independent of the
actual diseaselevdl. Itisimportant to realisethat the
mere presence of amedicator reflectsthe attitude and
thevaluesof the particular farmer (Vaarst et a., 2002).
In some herds, individual treatment and careistherule,
whilein others such astrategy isout of question. The
overall costs, when deciding on atreatment strategy,
therefore, seem to become more and moreimportant.
Resultsfrom this study indicate that treatment costsin
pig production arelow. Fromdairy productionitiswell
known that the withdrawal period for delivering milk
after treatment for mastitiscan have asignificant impact
on the observed treatment level in the herd (measured as
veterinary recorded disease treatments). Bennedsgaard
et a. (2002) thus showed that converting to organic milk
production decreased daysin antibiotic treatment for
mastitis. Itisconceivablethat thisresult can be
attributed to the costs of treatment, becausethe
withdrawal period for milk is3timesthelawfully
established period, and because the farmer does not have
accessto treatment with antimicrobial sin organic
production.

Whilearguing for strategiesthat involvemore
intensive disease surveillanceand individual treatment
(asatool to reducethe use of antimicrobials) asopposed
totreatments of, say, sowsafter farrowing to prevent
MMA, sucklersor weanersto prevent infectious
diarrhoea, the absence of qualified |abour also becomes
acritical factor. Thefocuson systemslike automated
monitoring of water consumption (Negjsum, 2001) isa
consequence of the growing labour issuein pig
production.

It may be seen as a disadvantage to allow more or
less subjective assessmentsto beincluded inthegenera
formulafor calculating thetreatment level. However,
theseassessmentsare prerequisitesto makinginferences
on any changesin the actual treatment level in the herd,
and the graphs can serve as a starting point for a
discussion ontheeventual effect of thetreatment and
treatment strategy. In arguing for better data, itisan
underlying hypothesisthat better data.on treatment and
diseasein the herdswill improvethe basisfor making
decisionsontreatment inthe herd. Meaningful accounts
onthedynamicsof thetreatment level intheherdsas
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well asaccountson herd comparisons, wherereasonably
comparable herdsareincluded, may becomean
incentiveto thefarmer to make more preciserecordings.

Therelationship between disease and treatment is
not simple. At the sametime, thereisalack of common
definitions, and consequently good data, on treatment
anddisease. Theresultsand the conclusionsfrom
central surveillance systems, such asthe VetStat system,
rely heavily onthe quality of the datathat enter the
database. Therefore, the quantification of the use of
antimicrobia agentsand theimprovement of the
precision of theveterinarian’ s prescriptionisnot limited
to servemerely asadecision-aiding tool for theclinician
and thefarmer. For 10-15 years ago, when herd sizes
were considerably smaller than today the lack of good
data on treatment and disease might not have been
critical. However, dealing with population sizesin
today’ s pig production impliesthat the veterinarian must
assessthe health status, the treatment effect and the
expected prognosisuntil next visit to the herd (thefuture
treatment level) in populationsthat readily can be
counted inthousands. Accessto valid datatherefore
becomesdecisive.
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Abstract

A uniformwater or feed disappearance patternis
required for assessment of changesin pig health and
well-being. Water disappearance rate was measured and
monitored continuously in pigsfrom 4 to 11 weeks of
age. The study comprised three herds and 18 batches of
pigs, which were managed all in al out. In one herd feed
disappearance was measured continuously aswell.
Water and feed disappearance was measured
electronically and dataweretransferred to acomputer
for timeseriesanalysis. Management interferencesuch
aschange of diet and treatment of pigswere recorded
daily in alogbook. The resultsindicated that water
disappearance was associated with adistinct circadian
rhythm. Water disappearance rate peaked between 4 and
6 pm and was lowest between 3 and 5 am regardl ess of
herd and housing system. The circadian pattern persisted
throughout the growing period whiletotal water
disappearancerateincreased.

The pigs showed avery stable diurna drinking
pattern aslong asthey were healthy whereasthe pattern
often changed when the pigs were affected by a disease.

A method using astate-space model in conjunction
with aCusum control chart ispresented asatool for on-
line monitoring of young pigs, based on their water
consumption. By an exampleit isshown that an out-
break of adisease (diarrhoea) can be detected by the
monitoring method approx. one day before physical
signsare seen onthepigs.

The monitoring method has been implemented asa
commercia software package (FarmWatch), whichis
availablefor pig producers.

Introduction

Management decisionsin modern pig production
arefrequently based on subjective judgments. Normally,
such decisionsderive from acombination of information
sourcesincluding visual observations of pigsand (e.g.,
aggression) pens(e.g., signsof diarrhoea), or other

senses(e.g., temperature) aswell asresultsfrom
monthly or quarterly performance records.

Outbreak of adisease such as diarrhoea often spread
fast within agroup of pigsand if it isnot detected and
treated immediately the outcome might belossesin
termsof reduced growth rate and increased mortality.
Similarly, poor feed quality might result in reduced
growth rate and poor feed conversion.

Because of the general trend toward larger herds
and more animals managed per person thereislittletime
available for observing individua animalsin weaning
and finishing units. Formerly, when daily caretaking
was associated with manual feeding and mucking out
moretime was spent among the animals, which
increased the chance of detecting outbreak of diseaseor
other problems.

Modern pig housing includesfully slatted flooring,
automatic climate control, automatic feeding and
watering, which allow the caretaker to manage alarge
number of animals. Theoretically, labour saving
equipment should increasetime availablefor inspection
and supervision of animals. However, in commercia
practiceimproved technology has meant that time spend
on manual labour has been converted to more animals
managed per person, the average labour input  being
only 10-12 min per finishing pig produced. Therefore, it
isimportant that time availablefor inspectionisdevoted
to those animalsthat are at risk of being infected with
disease or exposed to stressors. However, the problemis
to determinetherisk level or health status of various
groupsof pigs. Of course, the manager might have some
prior knowledge that certain disease outbreaks appear at
agiven stage of the production period. But it must be
assumed that some kind of guidance might be hel pful as
towhereto concentrate management efforts. Thus, it has
been suggested that automatic monitoring systemsand
use of time seriesanalysis might be promising manage-
ment tools(Frost eta., 1997). Yet, surprisingly few
attempts have been madein terms of using such methods
inmodern pig production.

Thereisgeneral agreement that animal well-being
might be measured indirectly using indicatorssuch as
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animal behaviour (Smidt, 1983). Changesin eating and
drinking patternsare usually thefirst visual signsthat
pigsare experiencing environmental stress. Eating
pattern in pigs has been reported in several studies
(Nienaber et d., 1991; Xin and DeShazer, 1992; Y oung
and Lawrence, 1994; Hyun et a., 1997). A common
finding was that the eating pattern is characterized by a
distinct diurnal rhythm. Bigelow and Houpt (1988) have
shownthat pigs drinking behaviour isclosely correlated
totheir feed consumptionwhich leadstothe hypothesis
that changesin pig health that affect feed intake also
impinge on water intake and thus drinking behaviour.
Statistical quality control methodsarequite
commonly used in the manufacturing industry, but rarely
inanimal husbandry. Monitoring daily milk yieldsin
dairy cows, detection of oestrusand diseasein dairy
cattlebased on time seriesanalysis; detection of changes
infeed consumption in broilersand detection of changes
indaily milk production in cows (Thysen, 1992) are
someexamples. Common for al thesemonitoring
systemsare, that they: 1) incorporate an automatic
method for collection of production traitsand 2) include
an adequate model for analysisof the collected data.
Modern computer technology has extended the
possibilities of real-timemonitoring at farm level.
Process computers known from factory automation and
electronic water flow meterscan easily beinstalledin
pig barnsto providereal time data of water consumption
inacomputer. Thereal challengeliesin processing the
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possible. Monitoring productiontraitsisoften difficult
because of random aswell asmore systematic variation
in responses, which may complicate theinterpretation of
data. However, advanced mathematical modelling might
hel p overcoming someof these problems.

The purpose of this paper isto present new methods
of real-time monitoring of pig performancewhile using
modern information technol ogy.

Water monitoring - methods

In astudy under the Danish Applied Pig Research
scheme (DAPR) (Pedersen et a., 1995) it was shown
that monitoring water disappearanceratein pigs might
be apowerful method of detecting health or systems
problemsat an early stage (Pedersen and Madsen,
2001). Thetria wascarried outin 3commercial pig
farms and water disappearance was measured in 18
batches of 4-11 wk old pigs. In onefarm feed
disappearance was measured aswell. Each batch of pigs
originated from the same weaning. Pigswere housed in
rooms comprising 400-900 animals, which were
managed al inall out. Pigswere fed astandard cereal-
soy diet according to Danish feeding standards.
Production conditionsareshownin Table 1.

Electronic water flow metersand weighing scales
wereinstalled in four and three weaning units,
respectively, for measurementsof water and feed

recorded datain order to achieve asmuch information as disappearance (Figure 1).
Table 1. Penandhousing design
Farm A Farm B Farm C
Pens per section 12 24 4
Pigs per pen 35 30 200-250
Flooring partly slatted partly slatted deep litter
Feeding system tube feeder tube feeder tube feeder
Feeding regimen adlib adlib adlib
Pigs per drinking bowl 17 15 30
Weaner room
Relative Humidity
' | Temperature
Feed
/ storage
/Flowmeter Water in
: . Feed in
Scale  icro pC

gi

Figurel. Schematic diagramof experimental set-up.

computer
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Water disappearancewasrecorded in2min
intervalswhile feed disappearance was measuredin 10
kg intervals. Temperature (inside and outside) and
relative humidity wasrecorded continuously viasensors
connected to the ventil ation system. All datawere
logged every two minutesand stored in alocal micro-
computer. Every 24 hoursdataweretransmitted to a
central database viamodem link. In addition, thefarm
staff recorded any management intervention such as
treatment of sick animals, change of feed, removal of
dead animals, etc., in alogbook.

Water monitoring - results

Utilization of water and feed disappearance datain
pig management impliesthat itispossibleto distinguish
between changesin water or feed consumption, which
are associated with stressors or disease, and changesin
intake, which arerelated to natural diurnal variation.
Theresultsfrom monitoring water disappearanceratein
two-minuteintervalsindicated that it was characterised
by adistinct circadian pattern.

A similar pattern was not detected for feed
disappearance, which was monitoredin 10 kg portions.
Thismeasurewastoo largeto indicate aspecific eating
patterninweaners.

Pigs water intake pattern has not previously been
reported, while water intake has been shown to
benclosely linked to ingestion of feed. Thus, Bigelow
and Houpt (1988) found that 75% of water
disappearance was associated with feed disappearance.
Moreover, pigs' eating pattern has been described asa
cyclical event with similar peaks and troughs and a
curvilinear shape asthat found for water disappearance
inthe present study (e.g., Walker, 1991). Itiswell
known that rates of many bodily functions vary
systematically over timeand therefore, itislikely that
thewater intake patternin pigsisan indicator of thefeed
intake pattern.

Variation in water disappearance rate was large and
systematic over a24 h period asshowninfigure 2.
Water disappearancewas at itslowest point between 3
and 5 am. Pigsincreased water intake gradually during
the day except for a2 h period between 11 am and 1 pm
when water disappearance rate was reduced. Water
consumption peaked between 4 and 6 pm followed by a
reductioninintake until thelowest point wasreached
again between 3 and 5 am. Then anew cycle was
initiated.

4-6 pm
/\\\Aq h
120 ﬂ *

80

0 T
12 \/ 15 17

3-5 am Days after start of trial

160

| per hour

Figure2. Water disapperancerate, peaksandtroughs
of water intakein a batch of weanersmonitored over a
5 d period (data processed on an hourly basis).

With each new diurnal cycletheleve of water
disappearanceincreased afraction corresponding to the
pigs growthrate.

Comparison of diurnal water disappearance patterns
for thethree farmsindicated that the shape of the curve
aswell as peaks and troughs of drinking activity were
similar. Apparently, housing and pen design did not
affect drinking pattern even although therewaslarge
variationin housing between farms.

A systematic water and feed disappearance pattern
isrequired for prediction of any disturbance of pigwell-
being. In the present study data were recorded every two
minutes. Summation of numberswiththisinterval ledto
too high random variation while the diurna water
disappearance pattern became more discerniblethe
longer the summation interval. However, along summat-
ioninterval also meant that any deviation in water
disappearance rate might not be recognized. An
evaluation of 20min, 1 hand 4 h summation intervals
revealed that a1 hinterval provided the best estimation.

The next step included computing water
disappearancerate using adynamic linear model (DLM)
while employing Bayesian statistics. A DLM iswell
suited for modelling thedynamic/cyclic pattern for water
disappearance (West and Harrison, 1997).

These methods of treating water and feed
disappearance datawere integrated in anew computer-
based monitoring system (FarmWatch®) for automatic
monitoring of pig well-being in weaning and finisher
units, whichincludesan el ectronic logbook for
notification of management interference or any relevant
daily observationsin the pig barn.

Testsof the FarmWatch® prototype programme
employing datafrom thethreefarmsindicated that
several changesin water and feed disappearance were
detected, which could be attributed to diarrhoeaor tail
biting. Infact, diarrhoea after weaning was associated
with anincreased water disappearancerate 24 h before
symptomswerevisibleinthebarn.

The caretaker must be abl e to distinguish between
relevant and irrelevant changesin water disappearance
rates and therefore the software should assist himin
taking action only when relevant. Normally, aDLM is
used as atool for making forecasts of eventsbased on
prior knowledge. Within the present framework, the
DLM was used to make predictions of the water
disappearance rate one step ahead intime. The diffe-
rence between the one step forecast and the observed
water disappearance was then used as ameasure of the
deviation fromthe,, normal* level of water consumption.
Thedeviation or forecast error might be considered an
independent random error term with zero mean aslong
asthe processmodel isvalid. If, on the other hand, the
pigs change their drinking behaviour, datawill no longer
conformto themodel predictions, and the numerical
valueof theforecast errorswill increase. Traditional
statistical processcontrol or quality control (CUSUM
control chart) wasthen used to eval uate the series of
forecast errorsand to present an a ert when deviations
from normal behaviour
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Figure3. (a) Observations(real) and one-hour forecasts of water disappearance fromthe Dynamic Linear
Model with quadratic growth between time steps. (b) Sumof forecast errors. An alarmisissued because of
deviating drinking pattern at point [ A] . Outbreak of diarrhoeaisdetected and treated at point [ B] .

FarmWatch® — real time monitoring

With aproduction period of 6-8 monthsand 12-14
months per weaner and finisher batch, respectively, itis
difficult to know whether pig performanceisontrack.
Therefore, the main idea behind FarmWatch® wasto
createamonitoring system, which could assist the
caretaker in detecting and correcting any problem that
might affect pig well-beingin duetime. Moreover, it
was assumed that the pigs themsel ves might provide the
best cue asto how they were performing. Therefore, a
direct measure such aswater disappearance was
preferred asan indicator of pig condition over an
indirect measure such asroom temperature.

The FarmWatch® system does not provide expert
advise when asignificant change in water disappearance
occurs. Thus, it isup to the caretaker to find causesand
solutionsto any problem that might have arisen. Over
time he might learn that similar changesin water
disappearancerate might occur at the sametime
between batches. Thus, he might be able to moderate or
eliminate a specific problem such asE. coli diarrhea,
which usually occursat acertaintime period after
weaning.

FarmWatch® is being used as a proactive manage-
ment tool in several Danish farmsand some examples
are presented bel ow:

In aboar test station all weanerswere vaccinated
against pneumonia. One hour after vaccination
FarmWatch® issued an alarm because of reduced water
disappearance rate, which was stabilized again after one
or two days. Eating and drinking activity was clearly
reduced shortly after vaccination. The negative effects of
vaccination might be reduced by devel oping better
vaccines or by changing vaccination procedure such as
timeof vaccination.

Inan 1150 farrow-to-finish farm water
disappearance rate was monitored in 6 weaning and 5
finishing rooms, respectively. With respect to weaners,
FarmWatch® delivered an alarm because of increased
water disappearance 24 hrsbeforevisual symptoms of
weaning diarrheawere present. Thus, the caretaker
could apply medicineto thedrinking water of the
weaner roomsin question. Moreover, the amount of

drugs could be reduced due to the fact that the
medicine could be applied before the infection
escalated. In the finishing units afeeding error led pigs
to increase their water intake dramatically, which
triggered FarmWatch® to deliver an alarm. In this case
application of too much soy meal to the feed mix was
responsible for the problem. However, it took awhile
before the caretaker found the cause of the problem.

Recently, FarmWatch® wasused in afeed trial
for weanersto identify changesin water intake
associated with diets. Medication was applied to the
drinking water to prevent diarrhea. However, shortly
after thetrial had started FarmWatch® issued anaarm
indicating that water disappearance rate had dropped
significantly. The drug applied to water system had
plugged up the water nipples.

In afinishing herd FarmWatch® delivered an
alarm dueto significant reduced water disappearance
rate in three rooms of pigs, which was caused by an
outbreak of swineinfluenza. In oneroom water intake
rate returned to normal after acouple of dayswhile
water disappearance continued to drop in thetwo other
ones. Thus, it was decided to intervene with medical
treatment in thelatter rooms. During the cold season
water disappearance rate dropped by 10% over afew
daysin onefinishing room while pigs started coughing.
The problem wasinstigated by one of thefresh air inlets,
whichled cool air toward the thermostat of the ventila-
tion system. Therefore, the ventilation systemwas
alternating between low and high ventilation rate.

IT-based monitoring of pig production

The FARMWATCH® software packageisan
exampleof how modern information technol ogy might
benefit the pig industry. However, it might just be the
first systemin arange of new integrated management
systems, which will enablethepig industry in meeting
tight product specifications, whilesatisfying society’ s
demandsto reduce environmental impact of modern
production methods (Watheset al., 2001).

Thefastest and easiest way of applyinginformation
technology inlivestock production isprobably to make
use of process control techniquesthat have been useful
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inother industries. Thus, imageanaysis, statistical
quality control measures, Bayesian and mathematical
modelling and time seriesanalysis are some of the
analytical tools, which might be applied to biological
processesto providereal timeevidenceanimal
performance. We are currently working on anumber of
projects, whichincorporate some of thesefeatures:

Automatic growth check and weighing of
weaners and finishers using image analysis
technology.

Bayesian modelling of reproduction rate to
forecast use of al inal out facilities.
Economical evaluation model regarding
replacement strategy and culling of sows.
Monitoring of water intake in individual sows.
Monitoring of sow visitsin electronic sow
feeding systems.

Thus, as has been prophesised by professor Wathes
(1993) at the Silsoe Research Institute, “ Inthethird
millennium, thefarmer’ srole may be more akin to that
of the process engineer than the peasant”.

REFERENCES

Bigelow, J. A. and Houpt, T. R. 1988. Feeding and
drinking patternsin young pigs. Phys. and Behav.,
43(1):99-109.

Frost, C., Schofield, S. Beaulah, T. Mottram, J. Lines,
and C. Wathes. 1997. A review of livestock monitoring
and the need for integrated systems. Computersand
Electronicsin Agriculture, 17:139-159.

Hyun, Y., Ellis, M., McKeith, F. K. and Wilson, E. R.
1997. Feed intake pattern of group-housed growing-
finishing pigs monitored using acomputerized feed
intakerecording system. Journ. Anim. Sci. 75:1443-
1451.

Iwersen, J. 1997. Statistical Process Control for

autocorrel ated processes; acasestudy. Frontiersin Sat.

Qual. Contr., 5:138-155.

Madsen, T. N., 2001. Toolsfor Monitoring Growing
Pigs. Ph.D Thesis. The Royd Veterinary and
Agricultura University, Department of Animal Science
and Health, Copenhagen. Denmark.

Nienaber, J. A., McDondd, T. P., Hahn, G. L. and Chen,
Y. R. 1991.Group feeding behaviour of swine.
Transactionsof the ASAE, 34(1):289-294.

Pedersen, B. K., Ruby, V. and Jargensen E. 1995.
Organization of applied pig research: the Danish
approach. In: Manipulating Pig Production, Austral-
Asian Pig Society. Canberra, Australia.

Pedersen, B. K. and Madsen, T. N., 2001. Monitoring
water intake in pigs:. prediction of disease and
stressors. In Sixth International Livestock Sympo-
sium, Louisville, KY. American Society of Agricultura
Engineers.

Smidt. D. 1983. Advances and problemsof using
integrated systems of indicatorsascomparedto single
traits. In: D. Smidt. (Ed.) Indicators Relevant to Farm
Animal Welfare. Martinus Nijhoff Publishers, Boston,
Mass.

Thysen. 1992. Detection of changesin daily milk
production by amulti-state kalman filter. Dina Report,
No. 3.

Walker, N. 1991.The effects on performanceand
behaviour of number of growing pigs per mono-place
feeder. Anim. Feed i Tech,, 35:3-13.

Wathes, C. M. 1993. Animalsin man’senvironment: a
question of interest. InFourth I nter national Livestock
Symposium, Warwick. American Society of Agricultural
Engineers, 1255-1266.

Wathes, C. M., Abeyesinghe, S. M. and Frost, A. R,,
2001. Environmental design and management for
livestock inthe 21% century: resolving conflictsby
integrated solutions. InSixth International Livestock
Symposium, Louisville, KY . American Society of
Agricultural Engineers.

West, M. & Harrison, J.(1997). Bayesian Forecasting
and Dynamic Models. Springer Verlag. 680 pp.

Xin, H. and DeShazer, J. A. 1992. Feeding patterns of
growing pigsat warm constant and cyclic temperatures.
Transactionsof the ASAE, 35(1):319-323.

Young, R. J. and Lawrence, A. B. 1994. Feeding
behaviour of pigsin groups monitored by a

computerized feeding system. Anim. Prod., 58:145-152.

Working Papers

131



Beyond Antimicrobial Growth Promoters in Food Animal Production

132

28. Breeding pigs for resistance to clinical and sub-

clinical disease
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Summary

The objective of this paper isto demonstrate that
selective breeding for resistance providesaviable
method to control clinical and sub-clinical diseasein pig
production. Research to dateindicatesthat genetic
variation for resistanceto clinical and sub-clinical
diseaseexistsin pigs. Furthermore, thereare potentia
selection criteria, such asimmunol ogical parameters,
becoming available by which to select pigsfor
resistance. Although current pig breeding programsdo
not select for resistanceto disease, thesefindingsgive
pig breedersreason to be optimistic. They demonstrate
that selective breeding for resistance doesprovidea
viablemethod to control clinical and sub-clinical disease
inpig production. A successful selectivebreeding
program would have the added advantage of reducing
thereliance upon traditional methods of disease control,
such asvaccination and medication (includes growth
promoters).

Introduction

Pig production isoften hindered by clinical and sub-
clinical disease, which cause mortality, reduced
production performance, increased costs, and poor
animal welfare. In Denmark, clinical and sub-clinical
diseases of most economicimportanceto pig production
arediarrhoea, respiratory problems, lameness, and
magtitismetritis-agaactia(MMA).

Traditional methods used to control diseaseinclude
eradication, sanitation, quarantine, culling, vaccination,
and medi cation (includes growth promoters). Pig
production currently reliessolely upon these methodsto
control disease. A complementary, albeit longer term,
approach isto selectively breed pigsfor resistance.

Therearetwo main reasonsfor implementing a
selective breeding program for resistance. First, any
geneticimprovement obtainediscumulativeand
permanent. That is, genetic improvement obtainedina
particular generation isadded to theimprovement
obtained in previous generations. Furthermore, the
geneticimprovement obtained in previousgenerationsis
not lost, should selection for resistance stop. The second
reasonisthat asuccessful selective breeding program
reducesthereliance upon traditional methods of disease
control. Of particular interestisapotential reductionin
the use of vaccines and medicines, which hel psfulfil
public demandsfor food free of such products.

The objective of thispaper isto demonstrate that
selective breeding for resistance providesaviable
method to control clinical and sub-clinical diseasein pig
production. In doing so, it isassumed that the breeding
goal istoincreaseresistanceof thepigstoclinical and
sub-clinical disease, whereresistanceisassessed asthe
incidence of disease during production.

Genetic variation for resistance

To selectively breed pigsfor resistance, resistanceto
clinical and sub-clinical disease must expressgenetic
variation. Initssimplest form, thismeansthat there must
bevariation for resistanceamongst the pigs(i.e., some
of the pigsareresistant to disease, someare susceptible,
whileothersarewithin these two extremes), and at | east
part of thisvariation must be dueto the genesthey have
inherited fromtheir parents.

Inmost, if not all, animal populations, there exists
individual sthat are genetically resistant to specific
pathogens (Nicholas, 1987; Miller and Brem, 1991;
Straw and Rothschild, 1992). Thisisalsothe casefor
pigsin relation to the pathogens that have been
investigated (Straw and Rothschild, 1992; Rohrer and
Beattie, 1999), suggesting that there are geneswithin pig
populationsthat convey resistanceto specific diseases.

Resistanceto specific diseasesisnot surprising. To
beresistant, pigs only need genesthat code theimmune
systemto defend agai nst aspecific form(s) of pathogen.
However, under commercial production conditions, pigs
arereared under many different production systems,
both indoors and outdoors, and are exposed to awide
range of pathogens(i.e., clinical and sub-clinical
diseases). Therefore, pig production would benefit from
using animal sthat have generd resistanceto clinical and
sub-clinical disease. To have general resistance, pigs
require genesthat code theimmune systemto defend
against awiderange of pathogens. Despitethis, there
still tendsto be genetic variationfor general resistance
toclinical and sub-clinical diseasein pigs.

Two studiesinvolving the Danish I nstitute of
Agricultural Sciences(DIAS) indicatethat genetic
variation for resistanceto clinical and sub-clinical
disease existsin the Danish pig population. Inthefirst
study, Henryon et al. (2001) detected genetic variation
for resistance of growing pigsto five categories of
clinical and sub-clinical disease: (i) any clinical or sub-
clinical disease(ii) lameness (iii) respiratory diseases,
(iv) diarrhoea, and (v) other diseases|i.e., any clinical or
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sub-clinical diseasewith theexception of (ii), (iii), and
(iv)]. Inthe second study, Berg et al. (2003) detected
genetic variation for birth assi stancein sows. However,
therewasvery little genetic variation for resistanceto
MMA in sows and neonatal diarrhoeain piglets.

The existence of genetic variation inthe Danish pig
popul ation tends to be supported by the few other
studies carried on piglets, growing pigs, and sows.
Specifically, Lingaas and Ranningen (1991) detected
genetic variation for resistanceto neonatal diarrhoeain
the Norwegian pig population. Genetic variation was
also detected for resistance of sowsto MMA, mastitis,
and metritis. Smith et al. (1962) and Lundeheim (1988)
reported genetic variation for resistance of growing pigs
to diarrhoeaand respiratory diseasesin the British and
Swedish pig populations.

Therearefew estimates of genetic variation for
resistanceto clinical and sub-clinical diseasein pigs.
However, the available evidence is encouraging. It
indicatesthat genetic variation for resistancetoclinica
and sub-clinical disease doesexist in pigs, and that
selective breeding for resistance can be successful.

Selection criteria

Selective breeding programsfor resistanceinvolve
the selection of pigswhich possess genesthat convey
resistance. By using these pigsfor breeding purposes,
genesthat convey resi stance are passed onto the next
generation, while genesthat do not convey resistance are
removed from the popul ation. Geneticistsoftenrefer to
thelevel of resistance of apig dueto the genesit
possesses asitsbreeding valuefor resistance.

The success of selective breeding programsis
largely dependent upon theidentification of pigswith
the highest breeding valuesfor resistance. However,
thereisacatch, asthe breeding values of pigs(i.e., the
genesthey possess) cannot be directly observed. The
challengefor pig breedersisto find indirect sources of
information (i.e., selection criteria) that can be used to
estimate the breeding values of the pigs.

Breeding val ue estimates can be obtained using the
incidence of clinical and sub-clinical disease(i.e., health
records) during thelife of the pigs. However, using the
incidenceof disease asthe sole selection criterion
generally resultsinunreliable breeding val ue estimates
(i.e., degreeof certainty by which the most resistant pigs
can beidentified). Therearetworeasons. First, itis
often difficult to correctly diagnoselive pigsfor many
clinical and sub-clinical diseases. Second, much of the
variationfor theincidence of diseaseisdueto
environmental factors, such asunpredictable exposureto
pathogens. Consequently, selective breeding would be
moresuccessful if other traits, whichreflect the
resistance of thepigs, could beidentified and used as
additional selectioncriteria.

There aretwo prerequisitesrequired foratraittobe
suitable selection criterion. First, thetrait needsto
expressgenetic variation. Second, thetrait needsto be
genetically correlated (i.e., genetically related) with

resistanceto clinical and sub-clinical disease. With few
exceptions, all of the studiesto date have only addressed
thefirst of these prerequisites, the expression of genetic
variation.

Inthefollowing section, the suitability of
immunologica parametersas additiona selection
criteriaisinvestigated. Immunological parametersare by
no meanstheonly potential criteria. Intheory, therecan
be any number of potential candidates. Other traitsthat
have attached attention include post-mortem lesionsand
quantitativetrait loci, whilefurther traitsare sureto
become available as our understanding of diseases and
geneticsgrows.

Immunological parameters

Theimmune systemisthe natural capacity of pigsto
resistinfection (Janeway et a., 1999). It providesa
remarkably effective defence mechanismthat ensures
that, athough pigs spend their lives surrounded by
potentially pathogenic microorganisms, they becomeill
only relatively rarely.

Measures of theimmune system (i.e.,
immunol ogical parameters) may provide suitablecriteria
by which to select pigsfor resistanceto clinical and sub-
clinical disease. Theprincipleissimple. Giventhat the
immune systemisthenatural capacity of pigstoresist
infection, immunological parametersmay reflect the
functional capacity of theimmunesystem (i.e.,
immunocompetence) and, inturn, the ability of pigsto
resist infection.

Immunological parametersthat have attracted
attentionin Denmark are:

Concentration of whiteblood cells(i.e.,
leukocytes) astheimmune system is dependent upon the
activitiesof leukocytes.

Concentration of acute phase proteins. Acute
phase proteinsareaseriesof proteinssecretedinto the
blood by theliver after the onset of infection. These
proteins mimic the action of antibodiesbut, unlike
antibodies, they have broad specificity for pathogens.

Amountsof themajor histocompatibility
complex class| and Il (MHC | and I1) molecules on the
surface of theleukocytes. MHC | and || moleculesare
important in the control of specific componentsof the
immunesystem.

A study involving DIAS s currently underway to
assessthe suitability of (a) concentration of leukocytes,
(b) concentration of acute phase proteins, and (¢)
amountsof MHC | and |1 molecules on the surface of
theleukocytesasselection criteriafor resistancein pigs.
Todate, genetic variation has been detected for concent-
ration of leukocytes (Henryon et a., 2002), concentrat-
ions of acute phase proteins, and the amounts of MHC |
and Il moleculeson the surface of theleukocytes.
Genetic variation has al so been detected for other
immunological parametersin other pig populations
(Rothschild et al., 1984a,b; Mallard et al., 1992; Edfors-
Liljaeta., 1994). Thesefindingsindicate that many
immunological parametersmeasured in pigswill
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respond to selection. Certainly, aresearch groupin
Canadawas successful in producing genetic lines of pigs
with high and low valuesfor specificimmunological
parameters (Wilkieand Mallard, 2000).

It appearsthat most, if not al, immunol ogical
parametersin pigs express genetic variation, thereby
fulfilling thefirst prerequisiterequired for the
parametersto be asuitabl e selection criterion. However,
beforethese parameters can be considered suitable
selection criteria, it needsto be demonstrated that they
fulfil the second prerequisite, namely that they are
genetically correlated withresistance. Thispremiseis
currently being tested at DIAS. Preliminary results
suggest that thereisat least aweak genetic correlation
between someimmunological parametersand resistance.
The amount of evidenceis not overwhelming. However,
these correlationsdo provide optimism, asthey suggest
that at |east someimmunol ogical parametersare
genetically correlated with resistance, andwill provide
suitablecriteriaby whichto select pigsfor resistance.

Breeding programs

Current selective breeding programsfor pigs
concentrate solely on theimprovement of production
traits. However, evidence from other species (e.g., mice,
dairy cattle) indicatesthat there are unfavourable genetic
correlations between production traitsand resistanceto
somediseases. Should pigsresemblethese speciesin
any way, theimplicationsareclear. Breeding pigs solely
for theimprovement of production traitsislikely to have
adverseeffectson theresistanceto at | east someclinical
and sub-clinical diseases. This, initself, ought to justify
the use of selective breeding asamethod of disease
control.

Registration system

Thesuccess of aselective breeding program for
resistanceto clinical and sub-clinical diseaseis
dependent upon awell-established registration systemto
record theincidence of diseasein pigs. Pig productionin
Denmark does not have awell-established registration
system. At best, young boarsfrom the nucleus breeding
popul ation of the Danish Pig Breeding Program are
recorded each timethey aretreated for aclinical or sub-
clinical disease. A boar isassumed to beinfected witha
clinical or sub-clinical diseasewhenitistreated for the
disease. Thisregistration system hastwo major
drawbacks. First, many non-diagnosed pigs are treated
for preventivemeasures (i.e., majority of pigswithina
pen group are treated for adisease to reducetherisk of
disease athough only few individuasin the pen are
diagnosed with the disease). Second, many of the
clinical and sub-clinical diseasesarepoorly defined.
These two drawbacks will need to be addressed, and
well-established registration systemwill need to be
implemented, before selective breeding can beused asa
method of disease control in Danish pig production.

Other considerations
Thereareseveral areasthat requireconsideration
when selecting pigsfor resistanceto clinical and sub-

clinical disease. First, it may be unrealistic to hopeto
achieveresistanceto all formsof disease. Diseasesdiffer
intheir agtiologies, each requiring adifferent
mechanism of immunity on the part of the pigsto
prevent infection. Furthermore, thereisevidenceto
suggest that some of these mechanisms of immunity may
benegatively intercorrelated (c.f. Biozzi et al ., 1982).
Second, during selection of pigsresistant to apathogen,
the pathogen islikely to evolveto survivein the pig (c.f.
Nicholas, 1987). Increased resistancein the pathogen
may offset at |east some of the progressmadeinthe
resistance of the pigs. Thesetwo considerationsare
certainto make selective breeding for resistance
challenging. However, it may only be necessary to make
small increasesintheresistance of thepigs. Thisis
because a successful breeding program for resistance
would not only reduce the number of infected pigs at
any time, but simultaneously reducetherisk of
susceptible pigsbeing infected (c.f. Knap and Bishop,
2000). Inthisway, breeding for resistance can havea
dramatic impact on theincidence of clinical and sub-
clinical disease at the popul ation level, whereby the
population could carry asizeable proportion of
susceptible pigswithout therisk of disease outbreak.

A further consideration isgenotypex environment
interactions. Genotypex environment interactionsexist
whentherelative genetic differencesof genetic groups
(i.e., breeds, or full- and half-sib families) varies
between environments. The existence of genotypex
environment interactionsareimportant in breeding
programsfor resistance because pigs selected for
resistance within aparticular environment may not be
resistance under arange of environments. Insuch
situations, sel ection programs may need to be devel oped
for different environments.

Finally, asour knowledge of theimmune system
grows, itisbecoming clear that theimmune system
needsto be stimulated to keep it functionally sharp. By
increasing the emphasis on clean environments, pig
producerscould actually beincreasing the susceptibility
of the pigsto clinical and sub-clinical disease by
removing the stimulusrequired to keep theimmune
system fine-tuned.

Conclusion

This paper demonstrated that selective breeding for
resistance does provide aviable method to control
clinical and sub-clinical diseasein pig production.
Genetic variation for resistanceto clinical and sub-
clinical disease existsin pigs, andthere are potential
criteria, such asimmunological parameters, becoming
availableto select pigsfor resistance. Thesefindings
givepig breedersreason to be optimistic, asthey
demonstrate that sel ective breeding programsfor
resistancewill besuccessful. However, pig breedersare
yet torespond. With research attention directed towards
areasthat will further devel op selective breeding
programsfor resistance(i.e., estimation of genetic
variation, identification of suitable selection criteria,
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establishment and devel opment of registration systems),
such programsarelikely to reducethereliance upon
traditional methods of disease control, such asvaccina
tion and medication.
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Summary

In spite of antibiotic- and vaccination-programmes,
infectiousdiseasesare still amajor problemin our
animal productions dueto the devel opment of moreand
morevirulent micro-organism. Itisthereforeimportant
to devel op new strategiesto withstand these problems.
Oneway to contributeto thisisto get more concrete
knowledge about the molecular and cellular interactions
between the micro-organism and the host during the
pathogenesis. Thisgivesthe possibilitiesto make use of
thehosts’ own immune defence mechanism through
breeding and management procedures. A molecul e of
interest in that connection ismannan-binding lectin
(MBL) that belongsto thefirst-lineinnate unspecific
part of theimmune system. Peopledeficientin MBL
experienceasubstantial increaseininfectionsespecially
during early childhood indicating theimportance of
MBL for host defence.

AttheDanish Institute of Agricultural Sciences
(DIAS), chickens have been selected for high or low
concentration of MBL in serum for seven generations
resulting intwo uniquelines of chickenswith very
different amountsof MBL intheserum. After an
experimental virusinfection, theacute M BL response
rises1.5-6foldin chickenswith alow geneticlevel of
MBL whereastherisewasonly 1-3foldin chickens
with ahigh genetic level of MBL. However, when the
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specific antibody titer against the virus was measured,
the chickenswith the highest geneticlevel of MBL had a
significantly lower level of specific antibodies. Thismay
be dueto antiviral activity of MBL performed by
neutralisation of thevirusbeforethe humoral antibody
responsewasactivated.

The MBL acute phaseresponseisnot only affected
by geneticsbut al so by management proceduressince
chickensinfected with avirusin the morning had a
higher MBL response compared with chickensinfected
inthe evening. Furthermore, aninverserelationshipto
thehumoral immune response was observed. Chickens
with the highest MBL response had thelowest specific
antibody response and visa versa.

In order to devel op better vaccineswithout
simultaneously contributing to the devel opment of even
morevirulent virus strains, asimple blocking of the
innateimmune system may beapossibility.

Introduction

MBL selectively recognisesanumber of structural
oligosacchari de components on the surface of micro-
organismsin the presence of calcium (Turner, 1996).
When MBL has bound to amicro-organism, the
complex promoteskilling of themicro-organismviathe
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Fig. 1. A: Twolinesof chickens selected for high or low level of MBL in serum (mg/mL). Chickensfromthe F6 and
the F7 generation are shown. B: RFLP profilesof DNA digested with therestriction enzyme Bgl 11 from chickens

withlow (L) or high (H) level of MBL in serum.
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MBL-associated serine proteases (MASP-1 and —2)
either by acting directly asan opsonin or by activating
thelectin complement pathway, thereby playing amajor
roleinthefirst-lineinnateimmune defence against
bacteria, viruses, and parasites. Similar to humans,
chickens produce MBL and up-regul ate the production
during acute stages of virusinfections (Laursen and
Nielsen, 2000; Juul-Madsen et al., 2002). MBL may
thereforeplay animportant roleininfectionsaswell as
in vaccination responsesin chickensaswell.

Material and Methods

To study the host defencerole of MBL toinfections
in chickens, the acute phase responsetoinoculation with
InfectiousBronchitisVirus(IBV) wasmeasuredin
genetically different chickensandin chickensthat was
inoculated with virus at different timesof the day.

The serum MBL concentration and the complement
activation ability of MBL were analysed by ELISA- and
acomplement activation assay, respectively asdescribed
inJuul-Madsen et al. (2002). The Restriction Fragment
Length Polymorphism (RFLP) profilesof DNA were
determined by the method described in Juul-Madsen et
al. (1993).

Results and Discussion

At DIAS, chickens have been selected for high or
low concentration of MBL in serum for seven generati-
onsresulting intwo uniquelinesof chickenswith very
different amount of MBL inthe serum (Fig 1A).

By RFLP analysisusing the cDNA genefor chicken
MBL that hasrecently beenisolated (Laursenet al.,
1998), specific profileshave beenfoundintheselines
indicating that the polymorphism may & so carry out
functional differences(Fig. 1B). Sofar, theMBL genein
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two chickens with different RFLP profiles has been
partly sequenced and one double mutationinthe 5’ UTR
has been found. A GC base pair has been substituted
with an AT base pair in the animal with the high concent-
ration of MBL in serum. Thissubstitution createsa
palindromic sequence (TT N5 AA) that isawell-known
acute phase response el ement in many mammals (Zang
etal., 1996).

Offspring from the F6 generation wasused in an
experiment wherethe chickenswereinocul ated with
IBV. Using asandwich ELISA, the acute phase response
of MBL was measured post inoculation (Fig 2). Therise
in chickenswithlow MBL was measured to befrom 1.5-
6 fold whereastherisein chickenswith high MBL only
was between 1-3 fold (Fig. 2A) even though the amount
of MBL inmg/mL serumwasstill

However, when the specific antibody titer against
IBV was measured, the chickenswith the highest
amount of MBL had asignificantly lower level of
specific antibodies (p < 0.05) (Fig 3). Thismay be
explained by antivira activity of MBL resultingin
neutralisation of thevirusbeforethe humoral antibody
response was activated.

The MBL level isnot only affected by genetics but
also by management procedures. The acute phase
responseof MBL incommercia chickenswith different
genetic MBL basis concentrationswas also investigated
by experimental inoculationwith IBV at different times.
The MBL acute phase response was followed and a
significant difference depending upon thetime of
inoculation of thevirusisolatewasfound (Fig. 4).

One group was mock infected at 0900 h, one group
was IBV infected a 0900 h, and one group was BV
infected at 2100 h. The acute phaseresponseis
presented astherelativeup-regulationinrelationtoa
determined basic MBL level in each chicken. Each dot
at the curvesrepresent 10 chickensfrom each of 2
separate experiments: onewherethe chickenswerebled
ondaysl, 3,5,9, 14, and 18 Pl and one where the
chickenswerebled ondays 2, 4, 7, 11, 16, and 21. The
valuesfrom thesetwo experimentsweregatheredin one
curve showing the period with different responses
between treatments.
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Fig. 2: Themean MBL response after infection with IBV in chickenswith low and high serum concentration of MBL

shown in % up-regulation (A) and inmg/mL (B).
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Chickensinoculated at 0900 h (after along period
of dark) had asignificantly higher level of MBL in
serum (p < 0.0068) compared with chickensinocul ated
at 2100 h (after along period of light). Theseresults
may indicate that diurnal rhythm of hormonescan
modul atethe MBL acute phase response.

The specific antibody titer against IBV inthis
experiment was measured aswell and showed —asfor
the selected lines- aninversely proportional response
compared with the MBL response (Fig. 5). Chickens
infected in the morning had asignificantly (p < 0,0091)
lower concentration of specific antibodiesthan chickens
infected inthe evening.

Finally, chicken serum from thedifferent treatment
groupsof thelast experiment wastested for the ability of
chicken MBL to activate the complement systemina
heterol ogous system by deposition of human C4 onthe
chicken MBL/MASP complex (Fig. 6).

The complement activation wasfound to bedirectly
associated with the concentration of MBL in serum. This
result supportstheideathat thelevel of MBL inserum
affectsthe degreeof neutralisation of thevirusbefore
the humoral antibody response takes over and thereby
determinesthelevel of the specific antibody responseor
pushestheimmuneresponseinto amorecellular
response. Thishasto beinvestigated further.

Applying theresultsto vaccinations strategies,
blocking part of the chicken’ sown innateimmune
system may be away to develop new and better vaccines
without simultaneously contributing to the development
of even morevirulent virus strains. Thishasto be
investigated in thefuture. The effect of thevariationin
thediurnal rhythm and environmental factorson the
acute MBL response and the subsequent specific
antibody isanather interesting questionto analyse
further.

Conclusions

The MBL basis concentration was affected by
genetics.

DNA from chickens with different levels of
MBL hasdifferent RFLP profiles.

A polymorphism was found in the promotor
region of the MBL gene.

The MBL acute phase response after inocul ation
of IBV in chickenswith alow genetic level of
MBL wasal1.5-6 fold increase.

The MBL acute phase response after inocul ation
with IBV in chickens with a high genetic level of
MBL wasonly a1-3fold increase.

The MBL acute phase response was affected by
the time of theinoculation of virus.

The MBL concentration was directly associated
with the ability to activate the complement
system.

Chickens with a higher (genetic or stimulated)
level of MBL had alower IBV specific antibody
response.
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Abstract

In china, there are about 3000 metric tonsfeed
antibiotics used as growth promoter per year. Along with
the vigorous development of feed industry and the
increasein social concept of food and environment
safety, most people are becoming deeply aware of that
thefeed safety isimportant for keeping food and
environment healthy. Now, thefeed antibioticsare now
one of themost important factorsthat affect thefeed
safety, in spite of their distinctiveeffect on performance
of animals. So, thefirst thing to solvethe problemisto
develop alternativesto AGP. In ching, alternativesto
AGP mainly includeenzymes, probictics, herba
medicinesand oligosaccharides.

The history of researching and using of feed
enzymesin chinaisjust about ten years. But now more
and more feed producers and consumers use the
additive. These enzymes mainly include phytase,
cellulase, 2-glucanase, +-gal actosidase, xylanase,
amylase, protease, pectinase. So far, the number of the
plantswhich can produce 2000 tons of feed enzyme per
year is40inchina. It may beforecasted that feed
enzymeswill becameakey technology toimprovethe
development of feed industry in 21% century.

In China, theresearch of probicticsstartedin 1980's.
In 1999, the Ministry of Agricultureof Chinaannounced
thefollowing 12 kindsof probioticsadditives:
Lactobacilluscasei, Lactobacillusplantum,
Lactobacillusacidophilus, Streptococcusfaecalis,
Streptococcus faecium, Streptococcuslactis,
Pediococcusacidilacticii, Bacillussubtilis, Bacillus
natto, Candida utilis, Rhodospseudomonas pal ustris,
Saccharomyces cerevisiae. Infact, some other kinds of
probioticssuch as Bacillus cereus, Bacillus
licheniformis, Bifidobacteriumadolescentis,
Bifidobacterium sp. havebeenin use.

Oneof themorerecently celebrated conceptsis
that of using herbs and the active substances contained
therein. They have many possible modes of action to
animas. Some herbsarewell knownto have
antimicrobial effects, othershave an astringent effect on
theintestine, and can encourage efficient digestion. The
|atest nation-wide survey reveal sthat about 11200 kinds
of Chinese medicinal herbsarebeing used in China, and
among them about 500 kindswere supplied asfeeding
supplement.

In addition, thefollowing oligosaccharidesarein
usetotest their effects on performances of animalsin
China &Glucooligosaccharides, &GOS; Mannanoligo-
saccharides, MOS; Fractooligosaccharides, FOS;
Galactooligosaccharides, GAS; Xylooligosaccharides,
XOS, and so on.

Ingeneral, most of theaternativesto AGParestill in
the stage of reseaching and testing about their effects
onanimalsin China. Andit’ svery difficult to usethem
onalargescaein present animal production because of
thefollowingfactors: (1) CostisHigh; (2) Effectsare
unstableor indistinctive; (3) Activity iseasy tobelostin
pelleting process.

But along with further researching and testing, the
use of alternativesto AGPinanimal food productionwill
become more and more popular in China.

Keywords: feed additive, antibiotics, alternative,
China.

Introduction

Antibiotics are compounds produced by
microorganisms. These compounds havethe properties
of inhibiting the growth or metabolism of other harmful
microorganisms. Antibioticshave, ingenera, been
effective asgrowth promoterswhenfed at low levelsto
young and growing animals. The response of antibiotics
ingrowth and feed efficiency are apt to bevariable
among species, ages and environmental conditions. For
example, thereislittleor noresponsein very clean
surroundingsor in germ-free animal srai sed under
aseptic conditions. Generally, the most pronounced
responsesin young animals occur in situations where
organisms such asE. Coli or other organisms causing
diarrheaarein high concentrations because antibiotics,
asarule, will helptoreducetheincidenceor severity of
several typesof diarrhea. Recent research has
demonstrated that adding antibioticsto animal dietswill
improve growth performance or nutrient availability. In
china, there areabout 3000 metric tonsfeed antibiotics
used as growth promoter per year. Up to date, some
efficacy studies have been conducted with antibioticsin
monogastricnaimals(Tablel).
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Table 1. Effect of key antibioticson the performances of pig and broiler in China

Antibiotics Pig (1-60 day old) Broilers(1-21 day old)
Add. (mg/kg) | Gain (+%) FCR (+%) Add. (ma/ka) Gain (+%) FCR (+%)
Chlorteracyeline 75 2 9.8 35 7.6 6.9
Bacitracin Zinc 40 15 56 20 12 5
Flavomycin 20 21 76 5 4.1 5
Verginiamycin 20 10 5 10 5.4 4.3

However, Long term use of antibioticsin feed will
cause(1)microbesto becomeresistant to
drugs,(2)immunity of animalsto decline, (3)endogenous
infectionand reinfectioninanimals, (4)residuesof
antibioticsin animal productsand environment.

Especially, theresidual problemsof antibioticsin
carcassesarelimitingitsusein dietsof pigsand broilers,
and the concernsin the use of antibioticsare growing,
although lots of researchers have been demonstrated
theeffectsof antibioticsin pigasagrowth promoter. In
short, along with the development of feed industry and
theincreasein social concept of food and environment
safety, most people are becoming deeply aware of that
thefeed safety isimportant for keeping food and
environment healthy. Becausethefeed antibioticsare
now one of the most important factorsthat affect the
feed safety, animal producershavetofind aternativesto
AGP. In this aspect, responses of Chinagovernment is
very positive. Research on antibiotic residueinanimal
products was listed in the Eighth and Ninth Five-year
National Key Research Projects. In 1997, the standards
of maximum quantity of antibioticresidueinanimal
productswere enacted. In 2000, the Feed Safety Project
was started. All these showed that China government
has pai d much attention to the devel opment of ,, Green
feed additives’. Sofar, thealternativesto AGPmainly
include enzymes, probiotics, herbal medicinesand
oligosaccharidesin china.

Alternatives to AGP in China

Enzymes

Until now, there have been numerous studies and
reviewson theuse of enzymesfor improvement of feed
utilization in monogastric animals. Monogastric animals
cannot utilize cell wallsto the same extent asruminants
except through products of hindgut fermentation.

(Tong, 2000)

Thereforethe primary objective of the use of enzymesas
feed additivesisthe extensive degradation of ‘ fiber’
prior totheileumto render nutrientsavailablefor
digestion within the small intestine. Such an approach
may improvethe utilization of currently used feedstuffs
and increasetherange of feed ingredientssuitablefor
inclusioninanimal diets. Because of the complex nature
of non-starch polysaccharides (NSP), an enzyme
addition must contain amixture of enzymeswith
different specifications. Thankstotheincreasein
knowledge of cell wall composition and structure and of
the digestive physiology of the animal, the use of
enzymesin livestock production has been evolvedin
recent years.

The history of researching and using of feed
enzymesin chinaisjust about ten years. But now more
and more feed producers and consumers use the
additive. These enzymes mainly include phytase,
cellulase, 2-glucanase, +-gal actosidase, xylanase,
amylase, protease, pectinase. So far, the number of the
plants which can produce 2000 tons of feed enzyme per
yearis40inchina. It may beforecasted that feed
enzymeswill became akey technology toimprovethe
development of feed industry in 21% century. Table2
showsthe positive effects of various enzymeson
growth performancesin asreported by some
researchers.

Probiotics

Theimportance of maintaining an normal intestinal
microflorain monogastric animalshasbeen recognized
for many years. In the past decades, the most common
method of repressing the harmful microorganismshas
been treated with anti-bacterial agents. Sincethe
regulation prohibitsthe use of subtherapeutic levels of
antibiotics, the use of probioticsasapossiblealterna-
tiveto antibioticshasreceived renewed interest.

Table2. Effectsof feed enzymeadditiveson pigsand broilersinChina

Enzyme Add. Test Animal ADG F.G references
(Ulkg) (+ %) (- %)

a-Galactosidase 60 Piglet 10.45 6.37 Pan, 2002

Xylanase 1500 Broiler 2.27 4.44 Wu, 2002

Pectinase 60 Broiler 597 1.75 Wang,2002

Phytase 1200 Piglet 56.94 28.48 Liu, 1997

Phytase 800 Growing pig 50 10 Chao, 1995
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In China, theresearch of probicticsstartedin 1980's.
In 1999, the Ministry of Agricultureof Chinaannounced
thefollowing 12 kindsof probioticsadditives:
Lactobacilluscasei, Lactobacillusplantum,
Lactobacillusacidophilus, Streptococcusfaecalis,
Streptococcus faecium, Streptococcuslactis,
Pediococcusacidilacticii, Bacillussubtilis, Bacillus
natto, Candida utilis, Rhodospseudomonas pal ustris,
Saccharomyces cerevisiae. Infact, some other kinds of
probioticssuch as Bacillus cereus, Bacillus
licheniformis, Bifidobacteriumadolescentis,
Bifidobacterium sp. have beenin use. Sometest results
of probioticsarelisted inthefollowing tables.

Herbal medicines

One of themorerecently celebrated conceptsisthat
of using herbs and the active substances contained
therein. They have many possible modes of action to
animals. Some herbsarewell known to have

Table 3. Effects of probiotics on egg hens

antimicrobial effects, othershave an astringent effect on
theintestine, and can encourage efficient digestion. The
|atest nation-wide survey reveal sthat about 11200 kinds
of Chinese medicinal herbsarebeing used in China, and
among them about 500 kindswere supplied asfeeding
supplement. Sometest resultsof herbal medicineare
showed inthefollowing tables.

Oligosaccharides

In addition to all above alternatives,
oligosaccharides are expected to become an aternative
to AGP. Thefollowing oligosaccharidesarein useto test
their effectson performancesof animalsinChina: &
Glucooaligosaccharides, &GOS; Mannanoligo-
saccharides, MOS; Fractooligosaccharides, FOS;
Galactooligosaccharides, GAS; Xyl ooligosaccharides,
XOS, and so on. Sometest resultsin Chinaarelistedin
Table7.

Probioticsor Supplement Numbe of Laying Feed/Egg Mortality
Antibiotics (ma/kg) hens rate(+%) (-%) rate (-%)
Bacillus cereus 1000 2400 3.04 0.89 0.36
Bifidobacterium 1000 2400 4.37 2.54 0.69
adolescentis
Lactobacillus 1000 2400 3.59 1.16 0.77
acidilacticii
Bifidobacterium 1000 2400 5.65 3.49 1.23
sp.
Flavomycin 4 2400 5.12 2.38 0.92
(Pos. Controal)
Neg. Control 2400
Table 4. Effects of probiotics on weanling pigs
Probioticsor Supplement Number of ADG Feed/Gain Diarrhoea
Antibiotics (ma/kg) pigs (+%) (-%) rate (-%)
Bacillus cereus 1200 276 353 2.76 18.7
Lactobacillus 1200 276 3.35 251 20.5
acidilacticii
Bifidobacterium sp. 1200 276 7.06 4.42 314
Flavomycin 5 276 7.12 4.37 29.3
(Pos. Control)
Neg. Control - 276
(Wang, 2002)
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Table 5. Effects of Chinese herbal supplementation on growth performancein piglets

Add.

0.08? Olaquindox

0.04%0Olaquindox+0.4 Herb

0.8? Herb

Pvalue

Table 6 Effects of different herbal polysaccharides on the performance of broilers

ADG g/d

538

541

592

0.35

ADFI g/d FCR
891 1.66 2
852 1.58%
913 1.54°
0.68 0.03
(Piao,2002)

Alternatives to AGP and environment

Another effect of thealternativesto AGPisto

alleviate environmenta pollution through thefollowing
pathways: (1)Decrease odor gas. In thisaspect, probio-

ticshaveasignificant effect. For example, EM infeed

can decrease the density of bad odor by 92%~97%, and

improvesignificantly theenvironmental quality of
chicken houses(Liu, 2002); (2) Decreaseexcretion of
nutrients such as P and N. Because monogastric animals

lack the enzyme phytasewhichisrequired to release the

Add. ADG ADFI FIG Mortality

mg/kg ) @ (%)
Aloe 200 38.3 73.8 2.09 4.2
polysaccharide
Astragalan 200 35.9 711 1.98 5.2
polysaccharide
Achyranthan 200 38.5 785 2.04 38
polysaccharide
Control(CTC? 80 355 73.1 2.06 4.2

(Chen, 2002)
Table 7 Effects of oligosaccharides on weanling pigs
Probiotics or Supplement Number of ADG Feed/Gain Diarrhoea
Antibiotics (mg/kg) pigs (+%) (-%) rate (-%)
Glucooligosacchari 2000 36 5.36 0.21 9.17
Froctooligosacchar 2000 24 421 0.55 8.26
idA
F|av0myci ne 4 36 7.18 3.97 12.58
Neg. Control 36
(Wang,2002)

enhanced utilization of phytin phosphorus by
monogastric animals. Pigsand poultry wastes account
for nearly half of thetotal Pexcretion by animals. The

organically-bound phytin phosphorousin cereal grains,
their feed must be supplemented with inorganic

phosphorous. The end result is phosphorous pollution

of land and ground water through manure application.

Addition of microbially derived phytaseto animal feeds
isbeingimplemented to reduce or even replace the need

for inorgani c phosphorous supplementation through

high amount of P returned to the environment isagreat
concernin many countries, and isof even more concern
inthose areas of theworld where animal populationsare
dense, and land and water resources are limited.

Conclusion

In short, aternatives all above have some effectson
performances of animalsto someextent, but most of
them arestill in the stage of reseaching and testingin
China. Andit’' svery difficult to usethem on alarge scale
inpresent animal production because of thefollowing
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factors: (1) CostisHigh; (2) Effectsareunstableor
indistinctive; (3) Activity iseasy to belost inpelleting
process. But along with further researching and testing,
theuse of alternativesto AGPin animal food production
will becomemoreand more popular in China.
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31. Use of Alternatives to AGP in Animal Food

Production in the USA

James E. Pettigrew
University of Illinois

Abstract

There are inadequate quantitative data available on
the use of dternativesto AGPin the USA, so this paper
is based on informal observations and conversations.
Theindustry expects progressively tighter constraintsin
thefuture, and isvery interested in technol ogy that will
smooth thetransition to animal production without AGP.
Antibioticsfor usein animal feeds are selected moreon
the basis of their perceived valuein protection against
diseasethan on the basis of their efficacy in promoting
growth. Therearesignificant differencesinpig
production systems between the USA and western
Europe, and these differences may impact the use of
both AGP and dternatives. The USindustry is
characterized by fewer constraintson the use of AGP,
widespread adoption of al in/all out pig flow, aggressive
biosecurity measures, early weaning, and sophisticated
nursery feeding programs. The US industry uses very
high levelsof lactose, mostly from dried whey, in early
nursery diets. Spray-dried plasmaintheearly diets
increases growth ratedramatically, andiswidely usedin
the USA.. Zinc oxide and copper sulfate are used
extensively in early nursery dietsin the USpigindustry.
Diet acidifiersareused muchlessinthe USA thanin
Europe, becausethey appear lesseffectivein diets
containing high levels of milk products, such asthose
we use. Other products including mannan
oligosaccharide, egg immunoglobulins, and direct-fed
microbialsareasousedinthe USA, but lesswidely.

Introduction

Restrictions on the use of antibioticsin animal
production inthe USA aretightening, but are much less
constraining than those in the European Union. The
industry expects progressively tighter constraintsin the
future, and isvery interested in technol ogy that will
smooth thetransition to animal production without AGP.

Antibioticsfor useinanimal feedsare selected more
onthebasis of their perceived valuein protection
against disease than on the basis of their efficacy in
promoting growth. Where AGP are withdrawn, theloss
of growth promotion hasa cost, but the loss of disease
control isof much greater concern to producersand
veterinarians.

There appear to be no reliable quantitative dataon
theuse of alternativesto AGPinthe USA. Therefore, the
following commentsare based on my informal

observations and conversations, as an academic and an
active participant as a consultant in the pork production
industry. | am not close enough to the poultry industry
to make useful commentsabout it.

Related issues

Production systems

The US pig industry has adopted new production
systemsdesigned toimprove health. All in/all out pig
flow, often by site (farm), isacentral component of these
systems. All in/all out flow alowsinterruption of disease
circulation within apopulation whenthefacility is
emptied, cleaned, and disinfected, and is substantially
more effective when applied to the farm than when
applied only to thebuilding or roomwithinafarm. The
industry also has adopted aggressive biosecurity
policiesand sanitation programs. The shift tolarge
production systems has facilitated adoption of these
strategies.

Weaningage

The USindustry weans piglets earlier than the
European industry does, often between two and three
weeks of age. Theyounger weaned piglet requiresmore
sophisticated facilities, diets, and carethan if weaned
later. The moveto earlier weaning has been driven
partially by economic considerations, but also by health
concerns. Early weaning interruptsthevertical transmis-
sion of pathogens from the sow to the piglets, which
occurs at various ages depending on the pathogen.
Also, the younger pig at weaning has substantially more
colostrum-derived immunity than the pig weaned at
threeto four weeks of age.

Nurserydiets

The feeding programs used for weaned pigsin the
USA arecomplicated, consisting of threeto six different
dietsfedin sequence. Thefirst dietisespecially
sophisticated, containing high levelsof several special
ingredientsthat are not fed to older pigs. Itis
economically feasibleto feed so expensiveadiet only
because we feed only asmall amount of it, lessthan 1
kg/pig. Asthe pig matures, it receives progressively less
sophisticated (and less expensive) diets, until it getsa
simple diet based on maize and soybean meal by per-
haps 15 kg body weight.

The pigs are dramatically healthier when given these
sophisticated feeding programs than when fed simpler
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dietsand simpler programs. Wecould not realistically
have reduced the weaning age so far without these
dietary improvements.

Alternativesto AGP

ThereisenormousinterestintheUSA in
technol ogiesfor reducing the amount of antibioticsused
in pig production. Thereis ubiquitous use of some of
thesetechnol ogies, along with AGP, and current interest
in adopting others.

In generdl, the data on feed ingredients proposed as
alternativesto A GP suggest that some may be useful,
but most arelesspowerful in either promoting growth or
protecting against disease than are antibiotics. Some of
these productsare likely to provide benefitsevenin the
presenceof AGP.

Milk products

In many casesthefirst diet the pigsreceive after
weaning contains more than 20% lactose, mostly from
dried whey. Thelevel of lactoseisgradually reducedin
successive diets, and usually reaches zero by thetime
the pigsare about 15 kg body weight. It isclear that
lactoseimproves growth performance, but it isnot clear
how. Perhapsit altersbacterial populationsand(or) pHin
the digestivetract.

There may be also benefitsfrom the milk proteins,
including immunoglobulins. Productscontaining casein,
such asdried skimmilk, arerarely used because of cost.

Spray-driedplasma

A meta-analysis conducted in The Netherlands (van
Dijk et al., 2001) showed that inclusion of spray-dried
animal plasmain thediet of weaned pigsin severa
studies increased the growth rate by an astounding
27%, on average. Few technologiesin animal production
are so powerful! Themode of action of plasmaisnot
known, although some evidence suggeststhat it affects
theimmune system.

Spray-dried plasmaisincluded in many of theearly
nursery dietsin the USA.

Zinc oxideand copper sulfate

Theuseof high levelsof zinc oxide (usually >2,000
ppm Zn) isubiquitousin early nursery dietsin the USA.
Conversations with pig producers and veterinarians
indicate they have agreat deal of confidenceinthe
ability of zinc oxideto protect pigsagainst enteric
infections, primarily with E. coli. Nutritionistsappreciate
the growth promationit provides.

Highlevelsof copper sulfate(>125 ppm Cu) arealso
widely used for growth promotion.

Acids

Diet acidifiersareused much lessinthe USA thanin
Europe, athough much of theearly research on organic
acidswasdoneinthe USA (e.g. Easter, 1988). Some
studies(Burnell et al., 1988; Alleeet al., 1999) have
shown that acids arelessbeneficial in dietsthat include
milk productsthan in simpler diets, and that observation

has diminished theinterest in practical useof acidsin
the USA. There has emerged the concept that lactoseis
converted to lactic acid in the stomach, and therefore
mimicstheeffects of acids. Thisconcept and other
aspectsof potential rolesof diet acidifiersare now under
renewed investigation in my laboratory and elsewherein
the USA.

Mannan oligosaccharide

Thisproduct derived from yeast cell wallsproduces
asmall but clear increasein growth ratein weaned pigs
(Miguel eta., 2002). Itsmode of actionisunclear, but it
may include prevention of pathogen binding to the gut
wall and(or) effectson theimmune system. Several feed
companiesand pork producersuseit.

Eggimmunoglobulins

Hensareimmunized against specific porcine
pathogens, and immunoglobulinsfrom their eggsare
prepared into afeed additive. A battery of hens
immunized against different pathogens supports
development of aproduct providing passive immunity to
several diseases. The industry uses this product to
someextent. |t issometimes combined with spray-dried
plasma.

Direct-fed microbials

Direct-fed microbialshave been availablefor
decades. The industry choosesto use them to some
extent, but they are not ubiquitousin nursery feeding
programs. There continuesto be asignificant amount of
research reported on such products.

Others

Thereiscontinuing interest in botanicalsand in
fructo-oligosaccharides, but in my judgment they arenot
used extensively by the US pig industry. Thereis
research activity with competitive exclusion.

Conclusions

The degree of government control of antibiotic use,
pig production systems, weaning age, and nursery diet
formulationsall impact theuse of AGPand aternatives
by the pig industry. These factorstend to be different in
the USA from Europe, so use of AGP and alternativesare
different also. Thereisacute and widespread interest in
methods for producing pigswithout AGPinthe USA.

The US pig industry uses milk products, spray-dried
plasma, zinc oxide, and copper sulfatevery widdly. It
also uses acids, mannan oligosaccharide, egg
immunoglobulins, and direct-fed microbials, buttoa
lesser extent. Acidsare used much lessinthe USthanin
Europe.
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