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Preface

An international invitational symposium Beyond antimicrobial growth promoters was held on 6-7 
November 2002 at the Danish Institute of Agricultural Sciences, Research Centre Foulum. The 
symposium was organised by Danish Institute for Food and Veterinary Research and Danish Insti-
tute of Agricultural Science with the support of the World Health Organization. A total of 140 par-
ticipants from 12 countries participated in the symposium, which included 32 scientific presenta-
tions in 6 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 pro-
ductivity 
Consequences of termination of antimicrobial growth promoters 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 com-
petitiveness of agricultural industries 
Consequences of termination of antimicrobial growth promoters use for the environment 
Alternatives to the use of antibiotic growth promoters 
International speakers 

This report contains all working papers prepared by the presenters in the symposium. The papers 
are also available at www.who.int

In conjunction to the symposium the World Health Organization organised an independent expert 
review of the Danish experiences. The expert reviewers report is also available from www.who.int

This report has been prepared for publication by Susanne Carlsson DFVF and Lotte Tind Pedersen 
DIAS.

March 2004 

Jan Tind Sørensen & Bent Borg Jensen 
Danish Institute of Agricultural Sciences 
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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 Institute for Food and Veterinary Research 
Bülowsvej 27, DK-1790 Copenhagen 

Abstract
Antimicrobial agents are in the production of 
food animals used for therapy and prophylactics 
of bacterial infections and in feed to promote 
growth. The use of antimicrobial agents for food 
animals may cause problems through the selec-
tion for resistance among bacteria pathogenic 
for animals or humans (zoonotic bacteria). The 
emergence of resistant bacteria and resistance 
genes because of the use of antimicrobial agents 
are well documented and there is in general a 
close association between usage and resistance. 
Especially the selection and spread of glycopep-
tide resistant Enterococcus faecium (GREF) has 
come under increased scrutiny in recent years. 
Today there is compelling evidence that the use 
of the glycopeptide avoparcin for growth pro-
motion for food animals has selected for GREF 
among the food animal reservoirs and that this 
have played some role in the epidemiology of 
GREF causing infections in man. In Denmark it 
has been possible to reduce the usage of anti-
microbial agents for food animals significantly, 
through banning of antimicrobial agents for 
growth promotion and restrictions on the usage 
for therapy. The use of avoparcin was banned in 
1995 and a decrease in the occurrence of GREF 
among food animals has been observed. Also in 
other countries a decrease in resistance among 
both food animals and humans has been ob-
served following the ban of avoparcin. In gen-
eral a decrease in resistance have followed the 
reduction in usage of other antimicrobial agents 
used for growth promotion. 

Introduction 
The introduction of antimicrobial agents in hu-
man clinical medicine and animal husbandry 
has been one of the most significant achieve-
ments of the 20th century. The first antimicro-
bial agents were introduced in the 1930’s, and a

large number of new compounds were discov-
ered in the following decades. However, shortly 
after the introduction, resistance began to 
emerge and in all known cases emergence of an-
timicrobial resistance have followed the intro-
duction of new antimicrobial compounds (Levy, 
1982). It has now become clear that antimicro-
bial resistance poses a threat to human and ani-
mal health and should be taken seriously.  

Modern food animal production depends on the 
use of large amounts of antibiotics for disease 
control. This provides favourable conditions for 
selection, spread and persistence of antimicro-
bial-resistant bacteria capable of causing infec-
tions in 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 in the late 1960’ties the Swann Com-
mittee pointed to the potential problems with se-
lection of antimicrobial resistance through the 
usage of antimicrobial agents for growth promo-
tion (Swann, 1969). Following this, a number of 
antimicrobial agents that were used for therapy 
were banned for use for growth promotion in 
most European countries. However, a large 
number of antimicrobial agents were still used 
or became introduced for use as growth promot-
ers in the following decades.

During the 1980’ties and early 1990’ties patho-
genic bacteria resistant to an increased number 
of antimicrobial agents emerged world-wide. As 
a consequence antimicrobial agents belonging to 
classes that not previously have had clinical in-
terest gained increasing importance. One of 
these agents was the glycopeptide antimicrobial, 
vancomycin that was discovered in the early 
1960’ties. Vancomycin became in the 1980’ties
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one of the most important antimicrobial agents 
for the treatment of infections in humans with 
multiple resistant Gram-positive bacteria.  

In 1993 glycopeptide resistant enterococci 
(GRE) were isolated from food animals in Eng-
land (Bates et al., 1993) and soon after in Ger-
many (Klare et al., 1995). This was surprising 
because no glycopeptide antibiotics had been 
used for treatment of infections in food animals. 
However, another glycopeptide antibiotic, avo-
parcin, had been used for several years for 
growth promotion in several countries around 
the world and it was suggested that the occur-
rence of GRE might be related to this usage.  

In 1994 no studies had been conducted to moni-
tor the occurrence of antimicrobial resistance to 
agents used for growth promotion in Denmark. 
Inspired by the findings in England and Ger-
many, the Danish Veterinary Institute conducted 
a small survey on the occurrence of GRE among 
conventional and organic poultry (Aarstrup, 
1995) in Denmark. The first finding of GRE 
was confirmed on January 25th 1995. The find-
ings resulted in much scientific and public atten-
tion and in April 1995 the Danish Pig and Poul-
try Producers Organizations decided voluntarily 
to stop the use of avoparcin for growth promo-
tion. In May 1995 this was followed by a gen-
eral ban by the Danish Ministry of Agriculture 
and Fisheries. The ban was imposed to preserve 
the efficacy of vancomycin as a drug of last re-
sort in human medicine.  

Within the European Union, the European 
Commission approves antimicrobial agents for 
growth promotion centrally and until recently 
11 different substances were approved (Table 
1). In 1986 Sweden banned the use of all anti-
microbial agents for 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 was in place. A member state 
can only temporarily ban the use of a product if 
new information has shown danger to human 
health. The Danish ban in 1995 was controver-
sial and was not supported by the EU Scientific 
Committee on Animal Nutrition. The ban was, 
however, upheld by the European Council of 
Ministers. In January 1996 Germany banned the 

use of avoparcin and in 1997 a general ban on 
the use of avoparcin followed in all of EU. The 
finding of VRE among food animals in Den-
mark prompted a number of initiatives by the 
Danish authorities to limit the increase of anti-
microbial resistance. Since 1995 the Danish Ve-
terinary Institute has conducted or been in-
volved in a number of monitoring and research 
programmes with the overall aim to determine 
the occurrence, selection and spread of resis-
tance to antimicrobial agents used for growth 
promotion.  

In the following an overview of the use of an-
timicrobial agents for growth promotion food 
animals, and the effects of the reduced usage 
over time is given. Special emphasis is given to 
data from Denmark. 

Usage of antimicrobial agens for food animals 
The first observations on the inhibitory effect of 
penicillium mould on bacteria seems to have 
been made by Sir John Burden-Sanderson in 
1871 and Joseph Lister in 1872 (Fraser-Moodie, 
1971; MacFarlane, 1984). In 1928 Alexander 
Fleming made similar observations (Fleming, 
1929) and when it later became possible to puri-
fying penicillin (Fleming) the way for the use of 
penicillin for therapy was opened. Since then a 
large number of other antimicrobial agents have 
been discovered and introduced for human and 
veterinary therapy and in the course of the last 
50 years antimicrobial agents have become the 
keystone in the therapy of bacterial infections in 
humans and animals.  

In Denmark greater amount of antimicrobial 
agents were until recently used in animal feed 
for growth promotion than for treatment of dis-
eases (Aarestrup et al., 1998a; Aarestrup et al., 
1998b). Avoparcin was banned in Denmark be-
cause of the selection of vancomycin resistant 
enterococci and the potential risk of spread of 
this resistance through the food chain to hu-
mans. In 1997, avoparcin was banned in all EU-
countries.

In January 1998, virginiamycin was banned in 
Denmark because of cross-resistance to Syner-
cid, a streptogramin used for human treatment. 
In December 1998, the European Commission 
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decided to ban the use of bacitracin, spiramycin, 
tylosin and virginiamycin for growth promotion 
from the 1st of July 1999. In Denmark the food 
animal industries decided to voluntarily stop all

use of antimicrobial growth promoters from the 
end of 1999. This has had major influence on 
the amounts of antimicrobial agents used in 
Denmark (Table 1 and 2). 

Table 1. Usage of growth promoters in 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 - - 3,945 - -
Bacitracin# 5,657 13,689 7,910 8,399 8,544 1,803 63 -
Carbadox# 7,221 10,012 1,181 1,985 4,153 6 293 -
Flavomycin 1,299 77 48 18 93 935 665 11
Monensin 3,700 4,755 5,007 4,741 3,08 28,445 0 -
Olaquindox# 21,193 22,483 16,213 13,486 17,595 113 9,344 -
Salinomycin 0 213 850 759 460 0 0 -
Spiramycin# 0 95 507 15 3 13,148 0 -
Tylosin# 26,980 37,111 52,275 68,350 62,009 892 1,827 -
Virginiamycin**# 15,537 2,801 2,590 5,055 10,644 49,294 - -
Total 99,650 115,786 93,936 105,548 107,179 1998 12,283 14
*: Banned in May 1995 in Denmark 
**: Banned in January 1998 in Denmark 
#: Approval suspended in EU in 1999 

Table 2. Estimated usage of antimicrobial agents for treatment of infections in 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
Sulfa/TMP 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 
Infections with enterococci in animals are rare 
and are also rarely treated with antimicrobial 
agents (Aarestrup et al., 2002). However, as 
normal inhabitants of the intestinal tract they are 
exposed to antimicrobial selection every time 
the animals are subjected to antimicrobial 
treatment or given antimicrobial agents for 
growth promotion or prophylaxis. A large num-
ber of studies have shown that the use of antimi-

crobial agents whether in high or low concentra-
tions will select for resistance. Already in 1951 
Starr & Reynolds reported the selection of strep-
tomycin resistant coliforms in the intestinal tract 
of turkey experimentally fed streptomycin. In 
the 1950’ties studies confirmed that the use of 
tetracycline in concentrations for treatment or 
growth promotion selected for tetracycline resis-
tance among group D streptococci in chickens 
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(Barnes, 1958; Elliott & Barnes, 1959). More 
recently, epidemiological 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 Aarestrup, 2000b).  

Effects of interventions 
There is only limited information available 
about the effects of terminating the usage of an 
antimicrobial agent on the occurrence of antimi-
crobial resistance. Following the ban of tetracy-
cline for growth promotion in The Netherlands 
in 1974 a decrease in the occurrence of tetracy-
cline resistance in salmonellae isolated from 
food animals and humans were observed (van 
Leeuwen et al., 1979).

In Denmark the DANMAP program for surveil-
lance of antimicrobial resistance was established 
in 1995 (Aarestrup et al., 1998a; Aarestrup et 
al., 1998b). The program determines the suscep-
tibility of antimicrobial resistance among selec-
ted pathogenic bacteria and bacteria isolated 
from healthy food animals, and are co-ordinated 
with similar programs determining resistance 
among bacteria from food and humans. The es-
tablishment of this programme has made it pos-
sible to follow the changes in occurrence of an-
timicrobial resistance as a consequence of chan-
ges in usage.

Glycopeptide resistant enterococci 
The occurrence of resistance among E. faecium 
from pigs and broilers has largely followed the 
consumption of the different agents. Thus, since 
the ban of avoparcin in 1995 the occurrence of 
vancomycin resistance has decreased signifi-
cantly among enterococcal isolates from broil-
ers, whereas no significant change occurred in 
pigs (Aarestrup et al., 2001) (Fig. 1). One ex-
planation for the persistence of glycopeptide re-
sistant enterococci (GRE) among the pig popu-
lation in Denmark could be that the production 
of broilers in Denmark is performed in all in all 
out facilities with thorough cleaning of housing 
facilities after each flock, whereas the produc-
tion of pigs takes place in facilities in continu-

ous use. However, all GRE isolated from pigs 
were also simultaneously resistant to macrolides 
and tetracycline. These two antimicrobials have 
been commonly used for growth promotion and 
therapy, respectively, in the pig production in 
Denmark. It was since shown that all GRE iso-
lated from pigs in Denmark belonged to the 
same clone and that the genes encoding resis-
tance to macrolides (ermB) and glycopeptides 
(vanA) were located on the same mobile DNA-
element (Aarestrup, 2000a).  
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Fig. 1. Glycopeptide resistance
among E. faecium

The consumption of tylosin for growth promo-
tion decreased substantially during 1998. Dur-
ing 1999 and 2000 a significant decrease in the 
occurrence of GRE among E. faecium isolates 
from pigs have been observed (Aarestrup et al., 
2001). These findings 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 ther-
apy.

In Germany a decrease in the GRE carrier rate 
among healthy humans in the community in the 
period 1994 to 1997 has been observed (Klare et 
al., 1999). In 1994 the carrier level was found to 
be 12%. This level has decreased to approx. 4% 
in 1997.

Similarly a decrease in the occurrence of VRE 
among poultry products in Italy has been ob-
served during 18 months after the ban of avo-
parcin (Pantosti et al., 1999).
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Also in The Netherlands a decrease has been 
observed among broilers, pigs and humans from 
1997 to 1999 (van den Bogaard et al., 2000). A 
plausible explanation for this is a reduced expo-
sure to GRE from food as a result of the with-
drawal of avoparcin from animal feed.  

These observations show that the occurrence of 
GREF among food animals has decreased after 
the selective pressure, the use of avoparcin, has 
been removed. However, in the case of resis-
tance to vancomycin among isolates from pigs 
in Denmark it has also been shown that if the 
resistance genes are located on the same genetic 
element, resistance can persist as a consequence 
of co-selection. 
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Macrolides
For several years the macrolide tylosin was the 
most widely used AGP for pigs in Denmark. In 
1995 the occurrence of resistance among E. fae-
cium isolates from pigs was 80%, in 1996 it was 
93%, and in 1997 it was 87%. Among E. fae-
calis isolates resistance was 94% in 1995, 91% 
in 1996, and 91% in 1997. The use of tylosin 
decreased considerably during 1998 and 1999. 
This was almost immediately followed by a de-
crease in the occurrence of resistance among 
both E. faecium and E. faecalis isolates from 
pigs (Fig.4). Thus, in 1998 resistance among E. 
faecium isolates had decreased to 71%, and that 
among E. faecalis isolates had decreased to 
79%. Resistance have decreased further to 26 
and 32%, respectively, in 2001. Macrolides are 
still widely used for treatment of infections in 
pigs, and thus future trends in the occurrence of 
resistance cannot yet be predicted.

The occurrence of macrolide resistance among 
E. faecium isolates from broilers has also been 
very high, reaching a maximum of 76% in 1997. 
It decreased to 15% during 2001, concomitantly 
with the more limited use of virginiamycin. 
Relatively minor amounts of the macrolide spi-
ramycin have been used for growth promotion 
in broilers. However, virginiamycin is a natural 
combination of two structurally unrelated mole-
cules (groups A and B), and group B has the 
same mechanism of action as antimicrobials be-
longing to the macrolides.  
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Fig. 5 Resistance to tylosin among 
enterococci from pigs
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Enzymes methylating the target site of mac-
rolides, lincosamides, and streptogramin B have 
been observed to be the most common cause of 
resistance in enterococci. In addition, it has re-
cently been shown that some of the genes en-
coding resistance to group A and group B, re-
spectively, are genetically linked. Thus, it seems 
likely that the use of virginiamycin as a growth 
promoter for broilers may have selected for 
macrolide resistance in E. faecium.

Oligosaccharides 
Avilamycin has primarily been used for growth 
promotion in the broiler production in Denmark. 
The consumption of avilamycin for growth pro-
motion increased from 10 kg in 1990 to 2,740 
kg 1996 and decreased in the following years to 
only 7 kg in 1998. The occurrence of resistance 
among isolates from broilers increased from 
64% at the end of 1995 to a maximum of 81% 
during the last half of 1996. Since then, the oc-
currence of resistance decreased to 5% in 2001 
(Fig. 6). Thus, the occurrence of resistance has 
closely followed the consumption. 

Streptogramins 
The use of virginiamycin increased between 
1995 to 1997. The increase was seen mainly in 
broilers and was associated with an increase in 
the occurrence of resistance in E. faecium.  

Thus, virginiamycin resistance among E. fae-
cium isolates from broilers increased from 27% 
in 1995 to 66% in 1997. In January 1998, the 
use of virginiamycin was banned in Denmark, 
and the occurrence of resistance subsequently 
decreased to 27% in 2001 (Fig.7). More varia-
tion in the occurrence of virginiamycin resis-
tance can be observed among E. faecium iso-
lates from pigs. Thus, resistance decreased from 
60% in 1995 to 36% in 1997, increased in 1998 
to 56%, but has since decreased to 6% in 2001.

Fig. 6 Avilamycin resistance 
among E. faecium
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Fig. 7 Virginiamycin resistance 
among E.faecium
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Taken together all these different observations 
show that the occurrence of resistance will de-
crease after the selective pressure has been re-
moved. However, in the case of resistance to 
vancomycin among isolates from pigs it has also 
been shown that if the resistance genes are lo-
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cated on the same genetic element, resistance 
can persist as a consequence of co-selection. 

Discussion and conclusion 
In the 1970’ties enterococci were not considered 
important human pathogens and prior to 1986 
they were in general considered susceptible to 
glycopeptides. However, shortly after the first 
observations of GRE this resistance spread rap-
idly world-wide. The most effective way to 
limit the spread of antimicrobial resistance and 
thereby extend the usefulness of antimicrobials 
is through a restricted use of antimicrobial 
agents. As a consequence it has been recom-
mended that antibiotics that select for resistance 
against antibiotics used for human therapy no 
longer should be used in animal husbandry. Es-
pecially the use of growth promoters should be 
limited to agents that are of no interest for 
therapeutic use (Aarestrup, 2000b). 

When avoparcin was approved for use as 
growth promoter in animals, this group of anti-
biotic was not seen as potentially important in 
human medicine. Thus, it was at that time diffi-
cult to foresee that due to the development of 
antimicrobial resistance among bacteria causing 
infections in humans these classes of antimicro-
bial agents became very valuable. The resis-
tance that has already been created by the use of 
avoparcin as growth promoter will most likely 
reduce and shorten the lifespan of vancomycin 
as therapeutic in humans. The safest way to 
limit the development of resistance to antimi-
crobial agents seems to be to limit the use of an-
timicrobial agents as much as possible. Thus, all 
unnecessary use of antimicrobial agents should 
be strongly discouraged. However, it is and will 
also in the future be necessary to use antimicro-
bial agents for treatment of infectious diseases 
in food animals and we will also in the future 
observe the selection of antimicrobial resistance 
among bacteria from food animals.  

It is not known which resistance problems we 
may face in the future. However, to implement 
timely actions, and to limit the emergence of an-
timicrobial resistance and the consequences for 
human and animal health, it is necessary to ob-
tain and maintain scientific knowledge regard-
ing factors affecting the occurrence, emergence 

and spread of resistance. At present knowledge 
of antimicrobial resistance in food animals is in 
most countries incomplete or even absent. An 
organised monitoring of antimicrobial resistance 
carried out by an international network of labo-
ratories should be implemented in order to be 
able to identify and report emerging resistance 
problems at the earliest possible stage. In this 
way we might be able to implement interven-
tions before emerging resistance causes major 
problems. 

The importance of the non-human reservoir of 
enterococci for infections in humans has not 
been quantified. There is today compelling evi-
dence that enterococci are transferred between 
the reservoirs and that the populations colonis-
ing and infections humans and animals share the 
same gene pool. Different studies have shown 
that it is possible at least to some degree to limit 
the occurrence of resistance by removing the se-
lective pressure. It is, however, not known 
whether the occurrence of resistance will ever 
reach the same low level as before the antim-
icrobials were introduced. Most probably a low 
frequency of resistant bacteria will persist and 
make up a reservoir from where resistance prob-
lems easily can be selected if antibiotics are in-
troduced again. 
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Abstract
Antimicrobial growth promoters (AGP) were 
previously used extensively in the production of 
broilers and pigs in Denmark. This study is a 
presentation of data on resistance towards AGP 
in Enterococcus faecium isolates from Danish 
broiler meat, Danish pork, and vegetables col-
lected at the retail level in the period from 1996 
to 2001. The data originate form the Danish In-
tegrated Antimicrobial Resistance Monitoring 
and Research Programme - DANMAP. Data 
from broiler meat show that the discontinued 
use of AGP has had a positive effect on the oc-
currence of AGP resistance. Following the ter-
mination of AGP a decrease was observed in re-
sistance towards avilamycin, virginiamycin and 
avoparcin in E. faecium from broiler meat. Data 
from pork indicate that the level of resistance in 
E. faecium from pork to virginiamycin and mac-
rolides has been constant during the period 
1996-2001, regardless of the termination of 
AGP use. This is in contrast to corresponding 
data from pigs, where a rather good association 
between the phasing out of AGP and resistance 
trends in faecal isolates of E. faecium from pigs 
at slaughter has been observed. Possible expla-
nations to this could be that it is different clones 
that prevail in faecal and food samples. Entero-
cocci from pork may originate from other 
sources in the food supply chain and distinct 
clones of enterococci may possess different po-
tential for survival in the food production envi-
ronment. From vegetables, E. faecium exhibit-
ing resistance towards AGP and other anti-
microbial agents at low frequencies have been 
isolated. These data indicate that a there is a cer-
tain level of antimicrobial resistance in many 
types of food. The observation is furthermore 
important since many vegetables are consumed 
uncooked. The present data indicate that along 
with the use of antimicrobial agents in food 
production other factors like cross contamina-

tion and survival and growth during food pro-
cessing may affect the levels of antimicrobial 
resistant bacteria in foods. The data further 
show that the sensitivity of the applied isolation 
procedures should be considered when evaluat-
ing resistance data. However, data about antim-
icrobial resistance in bacteria from food at retail 
level represents, together with knowledge about 
consumption patterns, a measure for human ex-
posure to resistant bacteria deriving from foods.

Introduction 
The surveillance of antimicrobial resistance in 
bacteria from food was initiated in 1996 as part 
of the DANMAP programme. One of the aims 
of the programme is to monitor the level of an-
timicrobial resistance in bacteria from farm ani-
mals through the food supply chain to humans. 
Antimicrobial agents, like tylosin, virginiamy-
cin and avoparcin, were previously used exten-
sively as growth promoters in food animals in 
Denmark. One of the problems with AGP is the 
exhibition of cross-resistance to important an-
timicrobial agents that are used for treatment of 
humans e.g. tylosin/erythomycin (macrolides), 
virginiamycin/pristinamycin (streptogramins) 
and avoparcin/vancomycin (glycopeptides). In 
the DANMAP programme resistance in faecal 
enterococci are used as an indicator of the level 
of antimicrobial resistance in Gram-positive 
bacteria and in this paper data on resistance in 
E. faecium isolated from foods towards AGP are 
presented.

Materials and Methods 
Food samples were collected at retail outlets by 
Regional Veterinary and Food Control Authori-
ties (RFCA) between 1996 and 2001. The col-
lection of samples was planed annually by the 
Danish Veterinary and Food Administration 
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(DVFA), and encompassed different groups of 
domestically produced raw foods including 
pork, broiler meat, and vegetables. The food 
samples were investigated qualitatively for the 
presence of enterococci by the RFCA. Five 
grams of food were added 45 ml of azide dex-
trose broth followed by incubation at 44°C for 
18-24 hours. The broth culture was seeded on to 
Slanetz-Bartley agar and incubated for 48 hours 
at 44°C. The agar plates were examined for 
growth and one typical red colony was purified 
on blood agar. This isolate was identified to spe-
cies level and susceptibility tested at DVFA. 
Only one strain of E. faecium from each positive 
sample was susceptibility-tested. The strains 
were tested for resistance to the following AGP: 
avoparcin, avilamycin, virginiamycin, macro-
lides, and bacitracin. The susceptibility testing 
of strains isolated in 1999-2001 was performed 
by determination of minimal inhibitory concen-
tration (MIC) in microtitre wells (Sensititre, 
Trek Diagnostic Systems Ltd.). The strains iso-
lated in 1996-1998 were tested for susceptibility 
to AGP by the standard agar (Müller-Hinton II 
agar) dilution method in accordance with 
NCCLS or by tablet diffusion tests (Sensitabs, 
Rosco Diagnostica). The diffusion tests were 
applied for virginiamycin and bacitracin. The 
following breakpoints were used: avoparcin 32 
µg/ml, avilamycin 16 µg/ml, virginiamycin 8 
µg/ml (inhibition zone 25 mm), macrolides 8 
µg/ml, and bacitracin 128 µg/ml (inhibition zone 
17 mm). Whole broilers from the retail level 
were specifically investigated for presence of E. 
faecium with high-level vancomycin resistance. 
Five grams of skin was incubated at 37°C for 
18-24 hours in 45 ml of azide dextrose broth 
and subsequently seeded on Slanetz-Bartley 
agar added 50 µg/ml vancomycin. Typical red 
colonies were identified as E. faecium and the 
isolated strains were analysed by PCR for pres-
ence of vanA, a gene that confers high-level re-
sistance to vancomycin. Data about consump-
tion of antimicrobials in the Danish livestock 
have been obtained from DANMAP reports. 

Results and Discussion 
E. faecium in raw foods
It is usually possible to isolate enterococci from 
raw foods and E. faecium is also a part of the 
normal microflora of many raw foods. With the 

applied method E. faecium was isolated from 
approximately 25% of raw pork samples and 
approximately 33% of the raw broiler meat 
samples. It is also possible to isolate E. faecium 
from vegetables, but the prevalence varies be-
tween different products. The most frequently 
contaminated vegetables were sprout products, 
in which E. faecium could be isolated from 60% 
of the analysed samples. 

Effects of the termination of AGP use on antimi-
crobial resistance in E. faecium in pork
The percentages of virginiamycin and macrolide 
resistance among 186 E. faecium strains from 
Danish pork are presented in Figure 1 together 
with the consumption of the AGP in kg of active 
compound.  
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Figure 1. Trends in virginiamycin resistance 
(A) and macrolide resistance (B) among En-
terococcus faecium from pigs and Danish 
pork and the usage of the growth promoters 
virginiamycin (A) and macrolides (B). Pig 
data were obtained from Danish Veterinary 
Institute 
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The data show, that the level of resistance for 
both virginiamycin and macrolides is quite con-
stant during the period, regardless of the termi-
nation of AGP use. Avoparcin resistance has not 
been detected in isolates from pork in the period 
1996-2001. The constant level of resistance in 
E. faecium from pork differs from the level of 
resistance monitored in animals at slaughter, 
where a decrease has been observed (DAN-
MAP, 2001). The reason for this difference is 
not clear. A possible explanation could be that it 
is different clones that prevail in faecal and food 
samples. Enterococci from pork may originate 
from other sources in the food supply chain than 
faeces from pigs and it is also possible that dif-
ferent clones of enterococci have different po-
tential for survival and growth in the food 
production environment. 

Effects of the termination of AGP use on anti-
microbial resistance in E. faecium from broiler 
meat
The resistance in 181 strains of E. faecium iso-
lated from Danish broiler meat towards avila-
mycin, avoparcin, and virginiamycin together 
with the consumption of the AGP in kg of active 
compound is presented in Figure 2. The data 
show that the level of resistance has decreased 
after the use of AGP in broiler production has 
been suspended. The decline in occurrence of 
AGP resistance among E. faecium from poultry 
meat is in accordance with corresponding data 
on E. faecium isolated from faecal samples of 
broilers at slaughter in Denmark (DANMAP, 
2001; Emborg et al., 2003). 
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Figure 2. Trends in avilamycin resistance 
(A), avoparcin resistance (B), and virginia-
mycin resistance (C) among Enterococcus
faecium from Danish broiler meat and the 
usage of the corresponding AGP 

Antimicrobial resistance in E. faecium from ve-
getables
E. faecium exhibiting resistance towards AGP 
were isolated at varying frequencies. The per-
centages of resistance detected in 119 E. fae- 
cium isolated from raw vegetables were 54% for 
macrolides, 10% for virginiamycin, 3% for avi-
lamycin, and 3% for bacitracin. The majority of 
the resistant strains from vegetables were iso-
lated from different sprout products. The obser-
vation is important because many vegetables are 
consumed uncooked. The data furthermore indi-
cate that a there is a certain level of antimicro-
bial resistance in many types of food. 

Sensitivity of resistance monitoring 
The level of resistant bacteria from food sam-
ples can be monitored in different ways. In the 
DANMAP surveillance bacteria are isolated 
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from foods by methods, which do not include 
antibiotic selection. This approach makes it pos-
sible to monitor the relative prevalence of an-
timicrobial resistance in bacteria. However, the 
method is not suitable for monitoring resistance 
in bacterial populations where only a small pro-
portion is resistant. In these cases antibiotic se-
lection improves the sensitivity of the detection 
methods. In 1996 and 1997 the prevalence of 
vancomycin resistant enterococci VRE) was stu-
died by comparing the method applied in the 
DANMAP surveillance with a isolation proce-
dure that applied selective enrichment and in-
oculation on Slanetz & Bartley agar supplemen-
ted with a breakpoint concentration of vanco-
mycin. The studies included 90 and 60 broilers 
respectively and the results of the investigations 
are presented in Figure 3.
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Figure 3. Detection of vancomycin resistant 
E. faecium in raw broiler meat collected at 
retail outlets determined by two different 
methods. The data are generated in two stud-
ies, which included 90 and 60 broilers respec-
tively. In the selective method vancomycin 
was applied as a selective agent in the isola-
tion of E. faecium from foods whereas the E. 
faecium strains isolated by the DANMAP 
method were isolated without the use of van-
comycin

VRE were recovered from 41% and 48% of the 
samples with the selective enrichment proce-
dure, whereas the DANMAP method only re-
sulted in the recovery of VRE from 9% and 0% 
of the investigated samples. A similar selective 
method was applied in a recent study of VRE in

Danish broiler flocks. In this study VRE were 
demonstrated in up to 74% of broiler flocks five 
years after the use of avoparcin were prohibited 
(Heuer et al. 2002). 

Human exposure 
Data about antimicrobial resistant bacteria from 
food at retail level, represents, together with 
knowledge about consumption patterns, a mea-
sure for the potential human exposure to resis-
tant bacteria deriving from foods. Antimicrobial 
resistance in E. faecium may affect human 
health in different ways. It is well known, that 
E. faecium sometimes cause opportunistic infec-
tions and in these cases antimicrobial resistance 
may impede efficient therapy. Another aspect is 
the exposure of humans to bacteria that contain 
mobile antibiotic resistance genes. The potential 
of subsequent transfer of genes to the resident 
microbiota in the gastrointestinal tract may add 
to the development of bacteria carrying new re-
sistances. Recently, it was shown that antimi-
crobial resistant E. faecium strains isolated from 
broilers and pork ingested by human volunteers 
resulted in sustained intestinal carriage, where 
the ingested strains were shedded for at least 14 
days post ingestion (Sørensen et al. 2001). Other 
studies have shown that resistance genes are 
readily horizontally transferred both in vitro and 
in vivo. A study performed with gnotobiotic rats 
has demonstrated transfer of vatD gene (vir-
giniamycin resistance) between isogenic strains 
of E. faecium in the gastrointestinal tracts (Ja-
cobsen et al. 1999). 

Conclusions
This study is presenting baseline data on AGP 
resistance in E. faecium strains isolated from 
foods in Denmark. Together with knowledge 
about consumption patterns these data are a 
measure for the potential human exposure to re-
sistant bacteria from foods. In Denmark the 
termination of AGP use has been followed by a 
reduction of the resistance in E. faecium from
broiler meat towards virginiamycin, avoparcin 
and avilamycin. In E. faecium from pork the re-
sistance levels towards virginiamycin and mac-
rolides have been quite constant during the pe-
riod, despite of the termination of AGP use. The
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data furthermore indicate that a there is a certain 
level of antimicrobial resistance in many types 
of food. 
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Abstract
The EU-ban on some of the antimicrobial 
growth promoters (AGP) and the subsequent 
voluntary stop in the use of all AGP in Denmark 
reduced the consumption of antimicrobials with 
around 2/3 of the total amount of antibiotics 
used for veterinary purposes, or about 80-90 
tons of antibacterial compounds. This had an 
almost immediate impact with a marked reduc-
tion in the frequency of resistance in enterococci 
isolated from various production animals to-
wards several of the drugs used for growth pro-
motion. The impact of these changes in entero-
coccal resistance has been less marked in Da-
nish human medicine, mostly because entero-
cocci are relatively rare etiologies in serious 
infections in humans in Denmark. In Danish en-
terococci isolated from blood cultures in 2000 
and 2001 no vancomycin resistant enterococci 
(VRE) were present, but this was also very sel-
dom seen before the AGP ban. In other Euro-
pean countries with higher pre-ban VRE rates a 
reduced carrier rate of VRE in human volun-
teers has been reported. 

Reduced resistance frequency against bacitracin 
was seen in these strains compared to pre-AGP 
ban strains.

The marked reduction in macrolide AGP use 
can be monitored in a reduced resistance rate 
against macrolides in Campylobacter spp in 
both Denmark and other European countries. 
This lower resistance rate has beneficial conse-
quences in that it can be shown, that macrolide 
resistance in Campylobacter is related to a more 
serious outcome, even death, from Campylobac-
ter infections. 

After the AGP ban an increase in veterinary 
therapeutic use of antibiotics has been recorded 
in Denmark, especially in tetracycline. The im-
pact of this increased use might be the reason 

for increases in tetracycline resistance recorded 
in some Enterobacteriaceae such as Salmonella
spp. Whether this has had any clinical impact 
remains to be proven. 

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

Introduction 
In July 2002 the first vancomycin-resistant Sta-
phylococcus aureus, i.e. based upon the vanA
gene, was reported from the USA (Anonymous, 
2002). The strain had probably received the 
vanA gene by conjugation from a vanA bearing
Enterococcus sp. residing in the same catheter-
related infection in a dialysis patient (Anony-
mous, 2002). This was exactly what everybody 
had feared would happen if vancomycin-resi-
stant enterococci (VRE) were allowed to roam 
freely particularly in settings, where selective 
and promotive factors were at hand such as an 
immunodepressed patient with foreign body in-
fections frequently treated with broad-spectrum 
antibiotics. And this was the ultimate risk de-
terminant brought forward by opponents to the 
wide use of antibiotic growth promoters in 
Europe in the mid 1990´ies, which included 
avoparcin, a glycopeptide with complete cross 
resistance towards vancomycin. 

Surprisingly – or luckily – the political system 
was sensitive to the expert recommendations. 
Perhaps it is ironical that the vanA positive S.
aureus should develop in the USA, which had 
not registered avoparcin for use as AGP, but 
which has on the other hand not yet taken action 
against AGP´s in their food production industry. 

The ban on some of the antimicrobial growth 
promoters (AGP) in the EU countries combined 
with the subsequent voluntary withdrawal of all 
AGP from the food production industry in 
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Denmark resulted in one of the most marked re-
ductions in antibiotic use ever seen – at least in 
our country. In Denmark this amounted to a de-
crease in antibiotic use of more than 115 tons 
from 1994 to 2000 or 20 tons more than the to-
tal therapeutic use of antibiotics in the veteri-
nary field in 2001 (DANMAP, 2001). The three 
most important drugs used for AGP were in 
ranking order the macrolide, Tylosin, the glyco-
peptide, Avoparcin, and Bacitracin. The impact 
of this change on antibiotic resistance especially 
for human medicine is the scope in this presen-
tation. This may be monitored in susceptibilities 
of Gram-positive bacteria such as enterococci 
and in zoonotic bacteria as Campylobacter spp.
Another effect of reduced antibiotic pressure 
might be a change in prevalences of certain 
pathogens innately resistant towards the mis-
used drugs. 

The reduction in AGP use has lead to a hope-
fully temporary increase in the use of therapeu-
tic antibiotics, especially tetracycline. This in-
crease may on the other hand have a detrimental 
effect such as increases in resistance towards 
tetracycline and perhaps other antibiotics in 
clinically important bacteria, e.g. Salmonella.

Some of the problems with studying the above 
mentioned pathogens are that bacteria such as 
enterococci have not previously been part of in-
tense screening programs prior to the AGP, 
which means that there is a paucity in pre-ban 
data to compare with recent post-ban data. 

Enterococcus spp. 
The increasing prevalence of and clinical impor-
tance of vancomycin resistant enterococci 
(VRE) were the main reasons for focusing on 
AGP in the beginning of the 1990´ies. The pre-
valence of VRE increased particularly in the 
USA, and to some extent in some European 
countries. The suspicion on AGP´s was substan-
tiated by studies investigating the VRE carrier-
rate in volunteers not receiving – or working 
with antibiotics, such as in hospitals and the 
like; carrier rates of up to 38% of such individu-
als were reported (DANMAP, 2001; Ieven et 
al., 1999), indicating that these bacteria were 

present in the community outside hospitals, and 
cultures from poultry and pork provided the link 
(DANMAP, 2001). 

What is the present post-ban prevalence of VRE 
in Europe and other continents ? One study spe-
cifically investigated the carrier-rates at the time 
around the AGP ban and again in 2001 (Ieven et 
al., 2001) and found a reduction in the rate of 
vanA positive E. faecium from 5.7% in 1996 to 
0.6% in a hospitalised patient population in 
Belgium. This reduction was linked to the AGP 
ban (Ieven et al., 2001). 

Prevalence rates of faecal carriage in human 
volunteers, i.e. not connected with hospitals, of 
VRE from various parts of the World after 1998 
are shown in Table 1. Generally, the rates are 
lower in Europe and Australia than in the USA. 
In Europe VRE rates are lower in Scandinavian 
countries than in Southern Europe, but generally 
the rates are quite low in Europe. This could in-
dicate that the withdrawal of a huge selective 
force such as the glycopeptide Avoparcin has 
reduced or maintained a low prevalence of VRE 
in Europe. The reason for the extremely high 
rates of VRE in hospital isolates in the USA 
must be found in the antibiotic use and infection 
control measures in that country. 

Table 2 shows resistance rates of various AGP´s 
in E. faecium and E. faecalis from Danish stud-
ies of human volunteers in 1996 (DANMAP, 
2001) and an ongoing prospective study of hu-
man volunteers, started in 2002. Furthermore, 
Table 2 compares these rates with results from a 
strain material from blood culture isolates from 
all over Denmark in 2000-01. No VRE´s were 
found, but erythromycin resistance is prevalent 
in these strains, which probably is connected 
with the human use of macrolides, i.e. around 2 
DDD/1000ginhabitants/day (DANMAP, 2001). 

Campylobacter spp. 
Campylobacter are well known zoonotic bacte-
ria causing infections in humans and it has in 
Denmark clearly overtaken the role from Sal-
monella as the most common etiology in human 
diarrhoeal disease. In some cases the diarrhoea
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develops into serious disease, which may cause 
the death of the patient. Tchamgoue et. al. 
(2001) reported 121 Campylobacter patients 
admitted to a hospital in France, of whom 106 
(88%) suffered from bacteraemia. Serious com-
plications including endocarditis and meningitis 
amongst others developed in some of the pa-
tients, and 18 (15%) of the patients died. 

In an ongoing study of the Danish human Cam-
pylobacter cases reported to the Statens Serum 
Institut, it can be demonstrated, that erythromy-
cin resistant isolates are connected with a sig-
nificantly higher mortality than other cases (K 
Mølbak, personal communication). 

Resistance towards erythromycin and fluoro-
quinolones has been amply demonstrated in 
these bacteria and this has been connected with 
the use of these antibiotics in animal husbandry. 
Therefore it is interesting to follow especially 
the macrolide resistance rate in these pathogens, 
since this might indicate whether the drop in 
macrolide use as growth promoters has had any 
consequence for antibiotic resistance rates. Ac-
tually, erythromycin resistance rates in Campy-
lobacter coli from pigs have decreased from 
60% in 1996 to 30% in 2001, while showing a 
more subtle decrease in the same type of strains 
from broilers (DANMAP, 2001). Similarly, 
erythromycin resistance in C. jejuni from broil-
ers have decreased from 5% in 1996 to 0 in 
2001. Eryhtromycin resistance in human C. je-
juni isolates still remains around 5%, which is 
connected with import from foreign travel. Si-
milar trends have been reported from Norway 
(Kruse et al., 2001). 

Salmonella spp. 
Although the total antibiotic consumption has 
decreased significantly in Denmark as a conse-
quence of the AGP ban, some increase in thera-
peutic use of antibiotics for animal husbandry 
has been recorded (DANMAP, 2001). Use of 
tetracycline constitutes a major part of this in-
crease (24 tons in 2000, 27,9 tons in 2001). 
Whether this increasing use has any impact for 

human disease has not been studied in detail. In 
human domestic isolates of Salmonella Typhi-
murium, however, resistance towards tetracy-
cline increased from 20% in 1996 to 40% in 
2001, and this increase was parallel for ampicil-
lin and chloramfenicol, which might indicate 
that a major part of these resistance traits are 
prone to co-selection. In this respect, increase in 
tetracycline use may select for other and more 
important types of antibiotic resistance in these 
pathogens.

Conclusion
The major reduction in antimicrobial consump-
tion after the ban of AGP´s has resulted in a de-
crease in antibiotic resistance rates towards the 
AGP´s especially the glycopeptides. The rate of 
VRE in Denmark was low to non-existent prior 
to the ban, probably connected with the low an-
tibiotic use on the human side both inside- and 
outside hospitals. This extremely low preva-
lence of VRE has been maintained in Denmark 
and the rest of Scandinavia. Somewhat higher 
VRE prevalence rates are reported from the rest 
of Europe, but these rates are low – in some 
cases clearly lower than five years ago. This low 
prevalence of VRE in the community is proba-
bly the reason for the general low prevalence of 
these bacteria in hospitals, in contrast to the 
very high frequencies of VRE (~ 50%) reported 
from in the USA. 

The decrease in AGP macrolide use has had a 
beneficial impact on the macrolide resistance 
rates in Campylobacter, which may be proven 
to result in lower mortality from infections 
caused by this pathogen. The resulting increase 
in therapeutic use of antibiotics -noticeably tet-
racycline - for animal husbandry may have re-
sulted in increased resistance e.g. in Salmonella
spp. There is focus on this increased consump-
tion in Denmark, and we expect further reduc-
tions in therapeutic antibiotic use in the coming 
years, and further efforts will be concentrated 
on maintaining the low antibiotic consumption 
for humans. 



26

Table 1. Prevalence rates or frequencies of vancomycin resistant enterococci (VRE)  in rectal 
samples, or otherwise noted, reported from various parts of the World from after 1998, i.e. af-
ter the ban on antimicrobial growth promoters in the EU. Only reports on vancomycin resis-
tant E. faecalis or E. faecium are included 

Reference Country Year Type of 
samples 

VRE rate (%) Comments 

This paper Denmark 2002 Faeces  
HV*

0/27 (0)  

Torell et al., 1999 Sweden 1999 Faeces 
HV*

1/670
(0,1)

One VRE im-
ported from Africa

Wendt et al., 1999 Germany 1999 Faeces 
HV*

(0,9)  

Van den Braak  et 
al., 2000 

Holland 1998 Faeces, 
Ptts

15/1.112
(1.4)

No increase from 
1995

Gambaretto et al., 
2000

France 2000 Faeces, 
HV*

20/169
(12)

Majority E. galli-
narum. 

Ieven et al., 2001 Belgium 2001 Faeces, 
Ptts

3/353 (0,6)  

Nourse et al., 2000 Ireland 2000 Faeces 
HV*

0/116
(0)

VanA E. 

Lombardi et al., 
2001

Italy 2001 Isolates from 
Faeces,
Ptts

6/90 isolates (7) E. faecium isolates 
studied

Novais et al., 2001 Portugal 2001 Isolates from 
Faeces
HV*

21/354  isolates (6) Enterococcal iso-
lates studied 

Del Campo et al., 
2001

Spain 2001 Faeces 
HV*

0/42 (0)  

Padiglione et al., 
2000

Australia 2000 Faeces 
HV*

2/1.085 (0,2) Both vanB E.  
faecium 

Moet et al., 2001 USA 1997-01 Blood culture 
isolates

E. faecium 50%, 
E. faecalis 2.3%  

> 3.500 enterococ-
cal isolates 

Garey et al., 2001 USA 2001 20.194 ente-
rococcal iso-
lates, origin 
not specified 

VR E. faecalis 7% 
VR E. faecium 50% 

*HV, healthy volunteers 
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Table 2.  Resistance to various antibiotics used as growth promoters in Danish enterococcus 
spp. from healthy volunteers (1996 & 2002) and from blood cultures (2000-01) 

 Resistant/total (%) 
E. faecium E. faecalis 

 Human volunteers Blood culture Human volunteers Blood culture 
Year 1996 2002 2000-01 1996 2002 2000-01 
Antibiotic:       

Flavomycin1 - - - 1/49 (2) 2/27 (7) 0/24 (0) 

Avilamycin  
(Evernimicin) 

0/15 (0) 3/19 (16) 0/29 (0) 0/49 (0) 0/27 (0) 0/24 (0) 

Virginiamycin 
(quinopris-
tin/dalfopristin)2

7/24 (29) 0/19 (0) 0/29 (0) - - - 

Tylosin
(Erythromycin)  

2/25 (8) 1/19 (5) 16/29 (55) 8/97 (8) 10/27 
(37)

7/24 (29) 

Avoparcin
(Vancomycin) 

0/24 (0) 0/19 (0) 0/29 (0) 0/49 (0) 0/27 (0) 0/27 (0) 

1) E. faecium is intrinsic resistant to flavomycin 
2) E. faecalis is intrinsic  resistant to virginiamycin 
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Summary
In the Danish pig industry, tyrosin (a macrolide) 
has been commonly used as an antimicrobial 
growth promoter (AGP) for weaners and grow-
ers-finishers since the mid 80’s. The use of ty-
losin as antimicrobial growth promoter was 
ceased in 1999, when the use of AGP in the pig 
production was withdrawn. The use of tylosin as 
AGP in pig production might have caused large 
reservoirs for resistant bacteria or genes encod-
ing macrolide-resistance that can be transferred 
to human pathogens. 

The purpose of the presented study was to iden-
tify and quantify a possible effect of withdraw-
ing tylosin as AGP on the occurrence of macro-
lide-resistance in the faecal enterococci popu-
lation in finishers at Danish pig farms. The stu-
dy was based on results of bacteriological 
examination of faecal samples from 670 pigs at 
69 different farms. The samples were collected 
from each farm at one to three occasions, and at 
each occasion samples were collected from 10 
finishers. The dates of cessation use of tylosin 
as AGP for weaners and/or growers-finishers 
were collected by interviewing the pig-produ-
cer.

The effect of ceasing the use of tylosin as AGP 
was assumed to be multiplicative with the dura-
tion of time that had passed after cessation and 
was estimated in 1) a logistic model with the de-
tection of macrolide-resistant enterococci within 
finishers as dependent variable and 2) in a linear 
model with the degree of macrolide-resistance 
in the enterococci population in finishers as de-
pendent variable. The estimates were adjusted 
for a potential within-farm clustering of the oc-
currence of macrolide-resistance by adding farm 
as a random effect in the models. 

This study showed that the occurrence of mac-
rolide-resistance in enterococci from faecal 
samples from finishers is high, and the rate of 
decrease in the occurrence of macrolide-
resistance after withdrawal tylosin as AGP to 
pigs is slow, and takes place over several years. 

The study also showed that, concerning macro-
lide-resistance, correlation between finishers 
that have been exposed to the same farm-
specific management factors is low, indicating 
that pig-specific factors have major influence on 
the occurrence of macrolide-resistance. Future 
epidemiological research concerning antimicro-
bial resistance in the pig production should be 
focused on identifying risk factors at both the 
pig-level and the farm-level. 

Introduction 
The main focus of this written contribution is to 
illustrate the effects of the termination of antibi-
otic growth promoters (AGP) use on antimicro-
bial resistance in Danish pig farms. Parallel to 
this, the contribution describes the application 
of epidemiology concepts for illustrating the ef-
fect. In Denmark different types of antibiotics 
has been used as AGP within the pig production 
since the 70’s, whereas the antibiotic tylosin has 
been one of the most commonly used for both 
weaners and growers-finishers since the mid 
80’s. Tylosin is a macrolide antibiotic, just as 
erythromycin and azitromycin, which are im-
portant antibiotics in the treatment of infections 
with staphylococci and streptococci in humans. 
Bacterial enzymes that alter the target site of the 
macrolides are the most common cause of resis-
tance in staphylococci, streptococci and entero-
cocci, and the genes encoding these enzymes 
are commonly transferable. Therefore, the use
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of tylosin as AGP in pig production may result 
in large reservoirs for resistant bacteria or genes 
encoding macrolide-resistance that can be trans-
ferred to human pathogens. 

In the beginning of 1998, the use of AGP for 
growers-finishers was withdrawn, and the cessa-
tion of using AGP within the entire pig produc-
tion became complete in 1999, when the use of 
AGP for weaners was withdrawn. Regarding the 
effect of ceasing the use of tylosin as AGP on 
the occurrence of macrolide-resistance in the 
Danish pig production, information at the na-
tional level is available in DANMAP (DAN-
MAP, 2001). However, due to the design of the 
surveillance system, the DANAMP-data can 
neither be used for estimating the effects of 
ceasing the use of tylosin as AGP on the occur-
rence of macrolide-resistance at farm-level or 
pig-level, nor estimate the variation of occur-
rence of macrolide-resistance in the enterococci 
population between farms, and between pigs 
within farms. 

To obtain these estimates, an observational 
study was performed in a number of pig farms, 
and the results concerning the occurrence of 
macrolide-resistant enterococci from this study 
will be used to illustrate the effects of the termi-
nation of AGP use on antimicrobial resistance in 
Danish pig farms. The results were statistically 
analysed with the specific aim to estimate the 
effect of cease the use of tylosin as AGP among 
1) weaners and 2) growers-finishers. A secon-
dary objective was to quantify the variation of 
occurrence of macrolide-resistant enterococci 
between farms, and between finishers within 
farms. 

Material and methods 
Materials 
The actual study is a part of a study performed 
to evaluate the effect of terminating the use of 
AGP in the pig production on antimicrobial re-
sistance, pig health and performance. One im-
portant intention in this study was to evaluate 
the effect of different factors present during the 
nursing and weaning period, e.g. the use AGP, 
on occurrence of macrolide-resistance among 
finishers. On this background, to be able to col-

lect valid data about early exposure of the fin-
ishers, the study was restricted to integrated pig 
production units - farms.  

The selection criteria used in the identification 
of the study population is given in the written 
contribution by Per Bundgaard Larsen at this 
symposium. Briefly, identification of pigs for 
collection of faecal samples to be used for ex-
amining the occurrence of macrolide-resistance 
in the enterococci population was performed by 
a stratified sampling procedure. Sixteen veteri-
nary swine-practitioners participated in the 
study. Among the clients of each veterinarian, 
2-17 farms were identified, in total 120 farms. 
The farms were either at one single locality, or 
situated at two localities (at a sow- and weaning 
unit, and at a growing-finishing unit). Faecal 
samples were collected from each farm at one to 
three occasions. At each occasion, samples were 
collected from the rectum of 10 finishers. 

Information about the use and ceased use of 
AGP in the farms was collected by interviewing 
the pig-producer. The dates when the farms 
stopped using different AGP for weaners and 
growers-finishers, respectively, were also col-
lected at the interview. The date for final stop of 
AGP use to weaners was validated with the 
firms delivering the feedstuff. 

The date of the final termination of using AGP 
to weaners ranged from the 1 Jul. 1996 to the 25 
Feb. 2000 (25% of the farms ceased using AGP 
before 31 Mar. 1999, 50% of the farms before 
the 1 Aug. 1999 and 75% of the farms before 
the 1 Sept. 1999). In the 120 farms, the final 
AGP used for weaners was olaquindox/car-
badox (83 farms), tylosin (18 farms) and avila-
mycin (9 farms). The information was missing 
for 7 farms. Many farms had been using several 
AGP’s in rations. For 16 of the farms, which 
have not been using tylosin immediately before 
cessation of AGP, it was possible to collect the 
date when tylosin was last used as AGP for 
weaners. The date of ceased use of AGP for 
growers-finishers ranged from the 1 Jul. 1994 to 
the 1 Sept. 1999 (25% of the farms ceased using 
AGP before the 1 Jan. 1998, 50% of the farms 
ceased using AGP before the 1 Jan. 1998 and 
75% before the 1 Mar. 1998). The final AGP
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used to the growers-finishers was tylosin (47 
farms) and olaquindox/carbadox (4 farms). The 
information was missing for 69 farms. 

The methods used for bacteriological examina-
tion of the faecal samples are described in de-
tailed by Aarestrup and Carstensen (1998). En-
terococci were enumerated in three replicates in 
the dilution 10-2, 10-3 and 10-4 on two different 
selective and indicative substrates: Slanetz agar 
and Slanetz agar containing 20 mg/ml of eryth-
romycin. The number of enterococci-like colo-
nies was counted and recorded. 

Statistical methods 
Only farms with known date of ceased using ty-
losin as AGP for weaners or to growers-finis-
hers were of concern in the statistical summari-
sation and analyses of data. The purpose of the 
statistical analyses was to identify and quantify 
a possible effect of withdraw tylosin as AGP on 
the occurrence of macrolide-resistance in the 
faecal enterococci population in finishers. In the 
statistical models it was assumed that the possi-
ble effect was multiplicative with the duration 
of time passed after ceased use of tylosin as 
AGP (interval AGP-sampling).

The effect of ceasing the use of tylosin as AGP 
on the occurrence of macrolide-resistance con-
cerned 1) probability for detection of macrolide-
resistant enterococci within finishers and 2) the 
degree of macrolide-resistance in the entero-
cocci population in finishers with detectable 
macrolide-resistant enterococci. 

A logistic model (model 1) was used to estimate 
the effect of ceasing the use of tylosin as AGP 
on the probability (p) to detect macrolide-re-
sistant enterococci. The effect of farm was in-
cluded as random effect (ufarm). The estimation 
procedure was implemented in SAS, proc nl-
mixed.  

log (p/(1-p) = 0 + day AGP-sampling * interval AGP-

sampling + ufarm (model 1)  

where: day AGP-sampling = linear effect of each day 
in the interval between ceasing the use of ty-
losin as AGP and faecal sampling.

The degree of macrolide-resistance was defined 
as the proportion of macrolide-resistance ente-
rococci within each faecal sample – the macro-
lide-resistance index. It was calculated as the 
maximum likelihood estimate in a Poisson mo-
del with uncountable plates considered as right-
censored (model 2). The estimation procedure 
was implemented in SAS, proc nlmixed.  

log(CFU) = 0 + dilution(-(log dilution)) + resis-

tance(presence of erythromycin in the agar) (mo-
del 2)

where: 0 = log(number of CFU per gram fae-
ces); dilution = effect of dilution;

resistance = log(macrolide-resistance index). 

To estimate the effect of ceasing the use of tylo-
sin as AGP on the degree of macrolide-resi-
stance the calculated logarithmic macrolide-re-
sistance indices were used as the outcome in a 
linear model, where farm was included as a ran-
dom effect (ufarm). The estimation procedure was 
implemented in SAS, proc mixed. To adjust the 
analysis for the fact that the indices were deter-
mined with different accuracy the analysis was 
weighted by the reciprocal of the standard error 
of the estimated resistance.

log(macrolide-resistance index) = 0 + day AGP-

sampling (interval AGP-sampling) + ufarm + pig (model 3)  

where: day AGP-sampling = linear effect of each day 
in the interval between ceasing the use of tylo-
sin 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 influence the occurrence of resis-
tance, the effect of age of the animals at sam-
pling was forced into model 1 and 3. 

The degree of similarity in occurrence of mac-
rolide-resistance between pigs within the same 
farm was expressed as the intra-unit correlation 
coefficient (ICC). The ICC expressing the simi-
larity between pigs concerning the probability 
of detecting macrolide-resistant enterococci in 
faeces was calculated as the ratio between the 
variance component at farm-level and the sum 
of the variance components at farm- and pig-
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level using the latent approach and the estimates 
obtained in the logistic model. The ICC express-
ing the similarity between pigs concerning de-
gree of macrolide-resistance was calculated as 
the ratio between the variance component at the 
farm-level and the sum of the variance compo-
nents at the farm- and pig-level using the esti-
mates of the variance components in the linear 
model.

Results
From the 69 farms with known date of cessation 
of using tylosin as AGP for weaners and/or for 
growers-finishers, results from the bacteriologi-
cal examination were available from 670 pigs. 
The faecal samples were collected in the period 
18 Feb. 1999 – 31 Oct. 2000. The crude propor-
tion of pigs with erythromycin-resistant entero-
cocci was 68% (458/670). In fig 1, the propor-
tion of pigs with erythromycin-resistant entero-
cocci at different times after ceased used of 
tylosin as AGP for weaners and growers-fini-
shers, respectively, are illustrated. Among the 
pigs with erythromycin-resistant enterococci, 
the mean of the proportion of macrolide-
resistant

enterococci in the pigs was 34%. In fig. 2 the 
proportion of erythromycin-resistant enterococci 
in individual pigs are scattered against time after 
ceased used of tylosin as AGP for weaners and 
growers-finishers, respectively. 

The parameter-estimates obtained in model 1 
and 3 are presented in table 1. 

Using the estimated confidence limits in the lo-
gistic model of the effect of ceasing the use of 
tylosin as AGP for weaners, the average prob-
ability to detect macrolide-resistant enterococci 
in faecal samples could be predicted to be 
halved (from 94% to 47%) within a period be-
tween 2 to 9 years. 

Due to that the response variable in the linear 
model was the logarithm of degree of mac-
rolide-resistance, the average rate of decreasing 
degree of macrolide-resistance in the pig pro-
duction could be expressed as half-life (log2/(-(

 day AGP-sampling))). Using the estimated confi-
dence limits of the effect of ceasing the use of 
tylosin as AGP for weaners ( day AGP-sampling), the 
half-life was estimated to be between 0.5 and 
1.5 year.

Table 1. The parameter-estimates in 1) the logistic model describing the probability of detect-
ing erythromycin-resistant enterococci in a faecal sample from a finisher and in 2) the linear 
model describing the degree of erythromycin-resistant enterococci in a faecal sample from a 
finisher

 Logistic model Linear model 
Parameters interval AGP-

sampling weaners a
Interval AGP-sampling
growers-finishers b

Interval AGP-

sampling weaners a
interval AGP-sampling
growers-finishers b

Random effects     
u farm 1.44 2.67 0.46 c 0.51 c

pig 1 1 1.25 c 1.51 c
Fixed effects     

0 2.59 4.51 0.77 1.03 
day AGP-sampling -0.00321 * -0.00468 * -0.00221 * -0.00141* 

a using data where date of ceasing the use of tylosin as AGP for weaners are known 
b using data where date of ceasing the use of tylosin as AGP for growers-finishers are known 
c 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 charts summarising the proportion of pigs with erythromycin-resistant enterococci 
(vertical axis) in relation to month that had passed after cessation of using tylosin as AGP 
(horizontal axis) for weaners (left column) and for growers-finishers (right column) 

Fig. 2. Scatter plots of proportion of erythromycin-resistant enterococci in individual pigs in 
which erythromycin-resistant enterococci were detected (vertical axis) in relation to month 
that had passed after cessation of using tylosin as AGP (horizontal axis) for weaners (left col-
umn) and growers-finishers (right column) 

Using the estimated variance components for 
farm-level and pig-level the correlation between 
pigs in the same farm concerning detection of 
macrolide-resistance was 30%, and the correla-
tion between pigs in the same farm concerning 
the degree of macrolide-resistance was 27%. 

Only in 12 farms both the date of ceasing the 
use of tylosin as AGP for weaners and for grow-
ers-finishers were available. In these farms the 
amount of time that had passed after ceasing the 
use of tylosin as AGP for weaners and for 
growers-finishers had a high in-farm correlation 
(72%). As a consequence of the strong within-

farm correlation between the time that has 
passed after cessation of using tylosin as AGP 
for weaners and growers-finishers, it was not 
possible in this study to distinguish the effect of 
ceasing the use of tylosin as AGP in weaners 
and the effect of ceasing the use of tylosin as 
AGP in growers-finishers on the occurrence of 
macrolide-resistance. 

During analysing the data, efforts were made to 
detect a more complex effect then a simple lin-
ear of ceasing the use of tylosin as AGP. The ef-
fect was added as a cubic polynomial into the 
models, but without increasing the fit of the 
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models to the data. Also, the effect of events of 
mass-medication with tylosin or lincomycin in 
the farms were added to the models as a binary 
effect, but the estimated parameters did not in-
dicate any effect of mass-medication on occur-
rence of macrolide-resistance. 

Conclusion
Based on the results presented it can be con-
cluded that the rate of decreasing occurrence of 
macrolide-resistance after cessation the use of 
tylosin as AGP to pigs is slow, and takes place 
over several years. The relative high occurrence 
of macrolide-resistance in the pig production, 
presumably provoked by the use of tylosin as 
AGP for decades, will last for several years after 
the cessation. Several factors have been pro-
posed to have a maintaining effect on the occur-
rence of macrolide-resistance. Using tylosin as a 
therapeutic antibiotic will make the microbi-
ological environment more suitable for tylosin-
resistant enterococci compared to non-resistant 
enterococci, and this will provoke macrolide-
resistance in the same way as tylosin used as 
AGP. Also factors not related to antibiotics 
might influence on the occurrence of macrolide-
resistance, e.g. the effect of season. Further-
more, except from an indirect effect of disease 
preventing factors due to less use of tylosin as a 
therapeutic, production systems known to pre-
vent transmission of pathogenic bacteria in pig 
production, e.g. all in/all out production, might 

also reduce the transfer of antibiotic-resistant 
bacteria between pigs. However, in this study a 
relatively low between-pig within-farm correla-
tion in the occurrence of macrolide-resistance 
was found. The low correlation between finish-
ers that have been exposed to the same farm-
specific management factors indicate that pig-
specific factors, or even sample-specific factors, 
have major influence on the occurrence of mac-
rolide-resistance. Future epidemiological re-
search should be focused on identifying risk fac-
tors at both the farm-level and the pig-level. 
Formulation of causal path diagrams, and eva-
luation of which type of effect potential risk fac-
tors included 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 concern for the transfer of van-
comycin resistant enterococci (VRE) from food 
animals to humans. This presentation contains 
results from two studies of the occurrence and 
persistence of VRE in Danish broiler production 
after the avoparcin ban. 

In the first study we investigated the occurrence 
of VRE in broiler flocks in the absence of the 
selective pressure exerted by the use of avopar-
cin. One hundred and sixty-two broiler flocks 
from rearing systems with different history of 
avoparcin exposure were investigated for the 
presence of VRE. Using a direct selective plat-
ing procedure VRE were isolated from 104 of 
140 (74.3 %) broiler flocks reared in broiler 
houses previously exposed to avoparcin on con-
ventional and extensive indoor broiler farms. In 
contrast only 2 of 22 (9.1 %) organic broiler 
flocks reared on free-range farms with no his-
tory of previous exposure to avoparcin were 
VRE-positive. Furthermore the occurrence of 
VRE over time in flocks reared in broiler houses 
previously exposed to avoparcin was investi-
gated. No significant decrease in the proportion 
of VRE positive flocks was observed during the 
study period (1998-2001). This study demon-
strated extensive occurrence of VRE in broiler 
flocks more than five years after the avoparcin 
ban in Denmark, indicating that VRE may per-
sist in the absence of the selective pressure ex-
erted by avoparcin. 

In the second study we investigated the persis-
tence of VRE on broiler farms in the absence of 
the selective pressure exerted by avoparcin. En-
vironmental 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 
from the broilers at the time of slaughter. Van-
comycin resistant E. faecium isolates obtained 
from broiler flocks and broiler houses were sub-
jected to molecular typing by pulsed-field gel 
electrophoresis (PFGE). VRE with indistin-
guishable or highly similar PFGE-profiles were 
isolated from consecutive broiler flocks and 
from environmental samples from the houses in 
which the flocks were reared, whereas VRE-
isolates from different broiler houses, and from 
flocks reared in different houses appeared to be 
genetically unrelated. These findings indicated 
that VRE was transmitted between consecutive 
broiler flocks by clones of resistant bacteria sur-
viving in the broiler houses despite cleaning and 
disinfection between rotations. Thus, the exten-
sive occurrence of VRE in broiler flocks after 
the avoparcin ban may be explained by persis-
tence of VRE in the broiler house environment. 

Introduction 
Vancomycin resistant enterococci (VRE) have 
emerged as an important cause of hospital ac-
quired infections. This has been ascribed to an 
increase in the use of cephalosporins and van-
comycin in hospital settings (Moellering, 1992), 
but also to the possible transfer of resistant bac-
teria or mobile resistance determinants to hu-
mans, from food animals fed avoparcin as a 
growth promoter. The glycopeptide avoparcin 
has been used for growth promotion in animal 
production in many countries and the associa-
tion between the use of avoparcin as a feed ad-
ditive in broiler production and the occurrence 
of VRE in broilers is well documented (Bager et 
al., 1997; Kruse et al., 1999). The use of avopar-
cin was banned in Denmark and Norway in 
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1995, in Germany in 1996 and in all of the EU 
in 1997. The enforcement of the ban was ex-
pected to result in a decline of VRE in food 
animals and thereby to reduce human exposure 
to VRE via the food chain. 

However, studies from Belgium (Butaye et al., 
1999), Norway (Kruse et al., 1999) and Den-
mark (Bager et al., 1997) conducted shortly af-
ter the avoparcin ban gave indications that VRE 
in poultry flocks would not readily disappear. In 
these studies sampling was done from few 
month until one and a half year after the avopar-
cin ban, yet VRE were frequently isolated from 
fecal samples from poultry. Norwegian studies 
have documented extensive occurrence of VRE 
on poultry farms three years after the avoparcin 
ban (Borge et al., 2000), and persistence of VRE 
in the poultry environment despite absence of 
the selective pressure exerted by the use of 
avoparcin has been demonstrated (Borgen et al., 
2000).

A decline of VRE prevalence in broilers after 
the avoparcin ban has been reported from The 
Netherlands (van den Bogaard et al., 2000), and 
in Denmark data from the antimicrobial resis-
tance monitoring and research programme 
(DANMAP) have shown a decrease in the oc-
currence of VRE in broilers between 1995 and 
2000 (Anonymous, 2001). A direct comparison 
of VRE prevalence results from different studies 
will obviously be hampered by differences in 
sampling scheme, sample size, isolation proce-
dures and sample material used. The DANMAP 
surveillance programme was not designed spe-
cifically to detect VRE in broilers, and the pur-
pose of the programme is to monitor resistance 
to a range of different antimicrobial substances 
in bacterial isolates randomly collected from 
Danish broiler flocks. The use of media sup-
plemented with vancomycin has been recom-
mended for VRE screening procedures (HIC-
PAC, 1995) and several studies have shown that 
successful recovery of VRE from fecal samples 
is highly dependent on the isolation method 
used (Butaye et al., 1999a; Butaye et al., 1999b;  
Ieven et al., 1999). 

In the first study we aimed to investigate the oc-
currence of VRE in broiler flocks over time af-
ter the avoparcin ban, and to compare VRE 

prevalence in broiler flocks from rearing sys-
tems with different history of avoparcin use. In 
the second study we aimed to investigate the 
persistence of VRE in the broiler house envi-
ronment, in the absence of the selective pressure 
exerted by avoparcin, and to investigate the pos-
sible transmission of VRE between consecutive 
broiler flocks by clones of resistant bacteria sur-
viving in the broiler houses despite cleaning and 
disinfection.

Materials and methods 

First study 
Broiler farms 
Thirty-one broiler houses on 24 farms with a re-
corded history of previous use of avoparcin 
were included in the study. Seventeen of these 
farms employed conventional rearing and seven 
farms employed extensive indoor rearing. In or-
der to gain knowledge of VRE prevalence in 
flocks from farms with no recorded history of 
use of avoparcin, organic broiler flocks from 12 
free-range farms were included in the study. 

Sampling procedure 
One hundred and forty broiler flocks from farms 
previously exposed to avoparcin (86 conven-
tional broiler flocks and 54 extensive broiler 
flocks) and 22 organic broiler flocks from free-
range farms with no history of avoparcin use 
were sampled between October 1998 and Feb-
ruary 2001. In order to enable investigation of 
the occurrence of VRE over time on farms pre-
viously exposed to avoparcin, more broiler 
flocks from each broiler house were sampled 
during the study period. The number of flocks 
sampled from each house on conventional and 
extensive farms ranged from three to seven. 
From each free-range farm one to three organic 
broiler flocks were sampled. 

From each broiler flock ten broilers were sam-
pled individually. The sample size considera-
tions were based on the assumption that the 
within flock prevalence of VRE-positive birds 
in positive flocks would be 50% or higher. 
Samples consisted of cloacal swabs taken from 
the broilers on arrival at the abattoir.
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Isolation of enterococci 
Swabs were immersed in 1 ml veal infusion 
broth supplemented with 4 % new-born calf se-
rum. The swabs were left for 10 -15 min in the 
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 (50 ml/ml) for 
selective isolation of VRE (SBv), the other not 
containing vancomycin (SB) to confirm growth 
of enterococci from the samples. The plates 
were incubated at 37o C for 48 h. 

Second study 
Broiler houses and broiler flocks 
On the basis of results from the first study, four 
broiler houses (A, B, C and D) known to have 
produced VRE-positive broiler flocks in previ-
ous rotations, and one broiler house (E) known 
to have produced VRE-negative broiler flocks 
for previous rotations, were selected for sam-
pling. Environmental samples were taken in the 
boiler houses by streaking sterile cotton swabs 
against the surface of the floor, floor cracks, 
feed bowls and water cups. Ten samples were 
obtained in each broiler house. At the time of 
sampling the broiler houses were depopulated, 
cleaned and disinfected. 

Two broiler flocks from each of the five broiler 
houses were sampled by taking cloacal swabs 
from the broilers at the time of slaughter. Ten 
broilers from each flock were sampled individu-
ally. All samples from broiler flocks and envi-
ronmental samples from broiler houses were 
collected from July 1999 to December 1999. 
VRE-isolates obtained from a broiler house and 
from flocks reared in the house were regarded 
as epidemiologically related. 

Broiler feed and hatchery 
In order to investigate possible routes of intro-
duction of VRE to broiler flocks and broiler 
houses, 100 samples were obtained at four sam-
pling occasions from the incubators at a major 
Danish hatchery supplying farm A, B and D. 
Each sample from the hatchery consisted of 
approx. one gram of dust, litter and eggshell. 
Furthermore, samples of broiler feed were ob-

tained from the feed stock on farm A and B at 
the time of environmental sampling of the 
broiler houses. 

Isolation of enterococci 
Samples from broiler flocks were processed as 
in the first study. In order to facilitate isolation 
of VRE from environmental samples from 
broiler houses and samples of broiler feed and 
hatchery samples, these were incubated at 37o C
over night in Enterococcosel broth (Becton 
Dickinson) before plating. The broth used for 
feed and hatchery samples was supplemented 
with vancomycin (20 mg / ml). Subsequently, 
10 ml of the broth from each swab or sample 
were streaked directly onto SBv agar plates for 
selective isolation of VRE, and SB agar plates 
to confirm growth of enterococci from the sam-
ples. The plates were incubated at 37o C for 48 
h.

Details on identification of enterococci, suscep-
tibility testing, VanA PCR, Pulsed-field gel 
electrophoresis (PFGE) and statistical analysis 
may be found in the following publications: 
(Heuer, 2002; Heuer et al., 2002). 

Results and discussion 
First study 
By direct plating on SBv agar plates VRE were 
isolated from 104 of 140 (74.3%) broiler flocks 
from farms previously exposed to avoparcin (57 
of 86 (66.3%) conventional broiler flocks and 
47 of 54 (87.0%) extensive indoor broiler 
flocks). From organic broiler farms with no his-
tory of previous use of avoparcin VRE were iso-
lated from 2 of 22 (9.1%) broiler flocks (Table 
1). Selective isolation of VRE by the use of me-
dia containing vancomycin (SBv agar plates) 
substantially increased the sensitivity of VRE 
detection. By the selective isolation procedure 
VRE were detected in 106 of 162 (65.4%) 
flocks, whereas by the non-selective procedure 
17 of 162 (10.5%) flocks were VRE-positive. 
Thus, only 17 of 106 (16%) flocks confirmed to 
be VRE-positive by selective isolation were de-
tected using the non-selective procedure. During 
the study period more broiler flocks from each 
broiler house were sampled in order to enable 
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analysis of the occurrence of VRE over time. 
This was done using a poison regression model 
with the number of VRE positive samples from 
each flock as the dependent variable and time as 
the explanatory variable. Time was not signifi-
cant in the regression analysis (P=0.165), thus 
no significant decrease in the proportion of 
VRE-positive samples was observed during the 
study period. The same conclusion was reached 
using a binary outcome (VRE positive/VRE 
negative) for each flock in a logistic regression 
model with time as explanatory variable 
(P=0.423).

In previous Danish studies based on data from 
the DANMAP programme, a decline of VRE 
prevalence in broiler flocks after the avoparcin 
ban from 72.7% in 1995 to 5.8% in 2000 has 
been reported (Aarestrup et al., 2001; Anony-
mous, 2001; Bager et al., 1999). However, the 
isolation procedure used with samples from 
broilers in the DANMAP does not select for 
VRE and only a single swab sample from each 
broiler flock is tested (Anonymous, 2001; 
Bager, 2000), whereas in the present study ten 
samples from each flock were subjected to se-
lective isolation of VRE. Thus, the difference of 
VRE prevalence may be explained by the use of 
different isolation procedures. In the present 
study selective isolation of VRE by the use of 
media containing vancomycin substantially in-
creased the sensitivity of VRE detection, and al-
lowed a more accurate determination of flock 
prevalence of VRE compared to non-selective 
isolation (Table 1).

Assuming the differences in VRE prevalence 
observed in the DANMAP and in the present 
study may be explained by the use of different 
isolation procedures, the decline of VRE preva-
lence in broiler flocks recorded in the DAN-
MAP programme after the avoparcin ban may 
reflect a quantitative reduction of VRE in the 
samples, while qualitatively the prevalence of 
VRE-positive broiler flocks may have remained 
at a high level. However, valid inferences con-
cerning a quantitative reduction of VRE in 
broilers after the avoparcin ban should be based 
on quantitative investigations.

The extensive occurrence of VRE in broiler 
flocks reported in this study indicates that con-
sumers may still be exposed to VRE from poul-
try products despite the avoparcin ban, and the 
spread of vancomycin resistance from broiler 
products to humans should remain a matter of 
concern. Further investigations of the epidemi-
ology of VRE and its quantitative occurrence in 
broiler flocks is needed in order to evaluate the 
effect of the current intervention.

Second study 
The results of isolation of VRE from broiler 
flocks and from the floor and equipment in the 
houses are given in Table 2. A total of 69 van-
comycin resistant E. faecium isolates were re-
covered. 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)

Avoparcin
unexposed

(organic broiler 
flocks)

VRE
positive 

104 2 17 0 

VRE
negative

36 20 123 22 

Total 140 22 140 22 
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Table 2. Isolation of VRE (E. faecium) from broiler flocks at slaughter and from environ-
mental samples obtained in broiler houses after depopulation, cleaning and disinfection of the 
houses

Broiler
house

Broiler
flocks

Floor Floor cracks Water cups Feed bowls 

A + + + + - 
B + + + - - 
C + + + - - 
D + + + - - 
E - - - - - 

("+" denotes successful isolation of VRE) 
("-" denotes no VRE isolated) 

A total of 41 different PFGE-profiles were ob-
served. Interpretation of profiles using the crite-
ria proposed by Tenover et al. (1995), resolved 
34 PFGE-types. Examples of PFGE-profiles 
from broiler flocks and broiler houses are shown 
in Figure 1. Indistinguishable or highly similar 
PFGE-profiles were observed among VRE-
isolates from consecutive broiler flocks reared 
in the same house, and among VRE-isolates 
from broiler flocks and the houses in which they 
were reared. In contrast PFGE-profiles of epi-
demiologically unrelated VRE-isolates showed 
extensive heterogeneity. 

All hatchery samples and samples of 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 
(Anonymous, 2001). The findings are in agree-
ment with the results of a Norwegian study 
(Borgen et al., 2000), in which 41 samples from 
a hatchery and feed mill samples were VRE-
negative. Although the hatchery samples inves-
tigated in the present study were not obtained at 
hatching of the actual broiler flocks sampled for 
the study, the results did indicate that neither 
hatchery nor broiler feed was a likely source of 
VRE.

M 1 2 3 4 5 6 7 8 9 10 11
House A; Lane 1-2: 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 a broiler flock and an
environmental sample.

A B C D

Figure 1. Examples of PFGE profiles 
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In conclusion this study demonstrated the per-
sistence of VRE in broiler houses in the absence 
of the selective pressure exerted by avoparcin, 
and the presence of identical or closely related 
clones of VRE in epidemiologically related 
broiler flocks and broiler houses. The results in-
dicate that VRE may be transmitted between 
consecutive broiler flocks by clones of VRE 
persisting in the broiler house environment de-
spite cleaning and disinfection. This may ex-
plain the extensive occurrence of VRE in broiler 
flocks after the avoparcin ban. The results indi-
cate that dissemination of vancomycin resis-
tance determinants from poultry to humans 
should not be disregarded despite the avoparcin 
ban.
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Abstract
The genetic background for resistance to several 
growth promoters was investigated by molecu-
lar characterization of the genes and their loca-
tion. This characterization has documented that 
the same genes encode resistance to both growth 
promoters and therapeutic antimicrobials used 
in humans. Thus, usage of growth promoters in 
animals will select for resistance, in animals, to 
therapeutic drugs of public health significance. 
Some classes of macrolide resistance genes 
were found only in a single bacterial species in-
dicating that inter-species transfer of these 
classes of macrolide resistance does not occur 
frequently. In Campylobacter coli macrolide re-
sistance was encoded by a point mutation, so 
macrolide resistance in campylobacter is only 
spread to humans by the spread of bacteria. Co-
selection of structurally unrelated compounds 
was found due to physical linkage of resistance 
genes on mobile DNA elements. Co-selection 
was also indicated for usage of, and resistance 
to, copper, macrolides and vancomycin in E. 
faecium from pigs. Indistinguishable bacterial 
strains and resistance genes were found both in 
both animals and humans indicating that trans-
fer of resistance between the animal and human 
reservoir occur. In the case of vancomycin resis-
tance in E. faecium genetic characterization 
clearly indicated that the route of transmission 
for vancomycin resistance was from animals to 
humans. 

Introduction 
Monitoring of antimicrobial resistance is an im-
portant tool in understanding occurrence, preva-
lence and spread of antimicrobial resistance. By 
molecular characterization of the resistance 
genes and determination of their position on the 
chromosome or on mobile DNA elements im-
portant additional information is gained. Resis-
tance genes may encode resistance to more than 

one antimicrobial. Normally resistance gene 
will encodes resistance to structurally related 
compounds. This is called cross-resistance. Ex-
amples of this are that the vanA gene cluster en-
codes resistance to the glycopeptides avoparcin 
and vancomycin and the erm(B) gene encodes 
resistance to the macrolides erythromycin and 
tylosin.

Resistant bacteria are selected by usage of an-
timicrobial and a correlation exists between us-
age and prevalence of resistance under most cir-
cumstances. In some cases resistance persists 
long after usage has been terminated and no 
simple explanation exist for these discrepancies. 
Since resistance genes can be encoded by plas-
mids and plasmids can contain several resis-
tance genes, usage of one antimicrobial would 
select for presence of the plasmid and hereby 
resistance to all compounds encoded by the re-
sistance genes present on the plasmid. This is 
called co-selection.

By knowing which genes are present, spread of 
not only antimicrobial resistance but also spread 
of the resistance genes can be monitored. Resis-
tance genes can spread with the resistance bac-
teria it self (called vertical spread of resistance)
or by transfer to sensitive bacteria either of 
same species or to new species (called horizon-
tal spread of resistance). 

In the work on characterization of genes encod-
ing resistance to growth promoter focus has 
been on prevalence of genes encoding cross-
resistance between used growth promoters and 
antibiotics used for animal and human therapy. 
We have investigated three such cases. These 
are macrolides, streptogramins and glycopep-
tides (vancomycin). Result on genetic charac-
terization of resistance genes to these growth 
promoters and possible co-selection of resis-
tance to other therapeutic antimicrobials will be 
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presented here. The results obtained will be 
used to discuss the transfer of resistance from 
animals to humans and the possible impacts on 
resistance in bacteria of human origin. 

Results
Macrolide resistance 
Tylosin and erythromycin belongs to the mac-
rolides. Macrolide resistance can be encoded ei-
ther by resistance genes or by point mutations in 
the ribosomal genes. The erm-genes are the 
most prevalent genes for macrolide resistance 
(Roberts et al., 1999). Presence of these genes 
was investigated in macrolide resistant bacteria 
of animal and human origin. High prevalence of 
the erm-genes encoding resistance both to ty-
losin and erythromycin was found. As expected 
different erm-genes were found in enterococci 
and staphylococci but the same genes were 
dominant in isolates from animal and human 
origin (Table 1). This result indicates that trans-
fer of macrolide resistance between the animal 
and human reservoir can occur both horizontally 
and vertically. 

High prevalence of macrolide resistance had 
been detected in Campylobacter coli isolated 
from pigs (Anonymous, 2001). None of the 
above mentioned genes were found. Instead a 
well-described point mutation in the ribosomal 
DNA was detected (Jensen & Aarestrup, 2001). 
This result documents that macrolide resistance 
will not transfer from C. coli to sensitive Cam-
pylobacter jejuni neither in animals nor humans 
and that spread of macrolide resistance in cam-
pylobacter only will be vertical. 

Streptogramin resistance 
The streptogramin virginiamycin has for several 
years been used for growth promotion in Europe 
and is still used in United States. The strepto-
gramin quinopristin/dalfopristin was licensed 
for human usage in 1999 (Johnson & Liver-
more, 1999). Streptogramins were thought to be 
the successor for glycopeptides since treatment 
failures using vancomycin were starting to oc-
cur. Streptogramin consists of two compounds, 
streptogramin A and streptogramin B. Strepto-
gramin A resistance is encoded by either vat(D) 
or vat(E) in E. faecium while E. faecalis is natu-
ral resistance to streptogramins. Streptogramin 
B resistance is encoded by the macrolide resis-
tance genes erm(B) giving cross-resistance to 
macrolide and lincosamide (Roberts et al., 
1999).

The genetic background for streptogramin resis-
tance was defined in streptogramin resistant E.
faecium isolates of animal origin (Jensen et al., 
2002). Results are presented in Table 2. In most 
isolates (73%) vat(D) or vat(E) genes were lin-
ked to the erm(B) gene (Hammerum et al., 
2001; Jensen et al., 2000). In E. faecium of por-
cine origin the genetic background for strepto-
gramin A could not be identified in most iso-
lates. In most isolates the resistance genes were 
positioned in a mobile DNA element. The same 
genes and physical link have been found in E. 
faecium isolates from humans (Jensen et al., 
2000) indicating a possible horizontal transfer 
of the mobile DNA element. Since this element 
contains the erm(B) gene co-resistance to mac-
rolide exist. 

Table 1. Prevalence of the erm-genes among bacteria of animal and human origin 

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 

* All numbers indicated are in percentage 
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Table 2. Streptogramin resistance genes in resistant E. faecium of animal origin 

Streptogramin resistance genes in resistant E. faecium from animals 
    
   number of strains with (%) number 

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) 
 Total 161 3(2) 10(6) 19(12) 107(66)* 22(14) 

* Three isolates contained both vat(D) and vat(E) 

Vancomycin resistance 
The study of spread of vancomycin resistance 
has been the key story in the banning of growth 
promoters in Europe. Avoparcin and vancomy-
cin belongs to the glycopeptides. The glycopep-
tide avoparcin has for years been used in Europe 
for growth promotion (Aarestrup, 1999), while 
no avoparcin has been used in United States. 
Here high prevalence of glycopeptide resistance 
exists among enterococci isolated from humans. 
That avoparcin selects for vancomycin resis-
tance has been shown (Bager et al., 1997). The 
most frequent identify resistance gene in human 
vancomycin resistant isolates has been the vanA
gene cluster (Arthur & Courvalin, 1993).

Genetic typing by Pulse Field Gel Electrophore-
sis (PFGE) of animal vancomycin resistant en-
terococci (VRE) from Denmark showed that 
isolates from poultry were not related while 
porcine isolates were very clonal. This could be 
seen since the porcine isolates had identical 
PFGE patterns (Aarestrup, 2000). This indicates 
vertical spread of vancomycin resistance among 
porcine isolates while horizontal spread oc-
curred among poultry isolates. Among the few 
human VRE an identical isolate to a porcine 
clone was found (Jensen et al., 1999). Since the 
person from whom the VRE were isolated did 
not have any contact with the farm environment, 
this indicates transfer of VRE via the food 
chain.

The genetic background for glycopeptide resis-
tance was defined in glycopeptide resistant en-
terococci of animal and human origin. All ani-

mal isolates contained the vanA gene cluster 
(Tn1546) and only resistant E. faecium isolates
were found in animal (Jensen et al., 1998). 
Since vancomycin never has been used for ani-
mals, this result proves that usage of avoparcin 
as growth promoter has selected for the same 
resistance genes (vanA) as usage of vancomycin 
for human therapy. Furthermore the genetic 
characterization of the vanA gene cluster found 
small genetic variations, that could be used for 
tracking spread of resistance. Several genetic 
sub-types of the vanA were defined and pres-
ence of these among isolates of animal and hu-
man origin was investigated. Results are pre-
sented in Table 3 (Jensen et al., 1998). Identical 
sub-types of the vanA gene cluster were found 
among isolates of animal and human origin, in-
dicating transfer of VRE between the animal 
and human reservoir.   

Different sub-types of the vanA gene cluster 
were found among isolates from poultry and 
pigs respectively, while both the poultry and 
porcine sub-types were found among human 
VRE isolates. A unique point mutation in the 
vanA gene cluster separated the porcine and 
poultry sub-types. Presence of this unique point 
mutation was tested in non-related VRE isolates 
from animals and humans from different coun-
tries. Results are presented in Table 4. Since 
almost equal number of the porcine and poultry 
version were found among human isolates and 
these two version was only found in either poul-
try or porcine isolates this clearly indicates 
transfer of vancomycin resistance from animals 
to humans (Jensen, 1998). 
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Figure 1. The vanA gene cluster (Tn1546). The gene cluster consist of 9 genes but only 3 genes 
are essential for glycopeptide resistance 

Table 3. Genetic sub-types of the vanA gene cluster. Sub-types were defined due to variations. 
Variations found were point mutations and presence of IS-sequences 

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

  Genetic sub-types of the vanA gene cluster 
number 

of
isolates

1 2 3 4 5 6 7 

          
Pigs 8  8      Animals 
Poultry 10 9      1 

          
Humans  32 5 8 6 8 2 2 1 
          
Total  50 14 16 6 8 2 2 2 

Table 4. Distribution of a unique point mutation in VRE isolates of animal and human origin 

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

 in percentage 
 T variant G variant 

Human 35 64* 
Pigs 97 3 
Poultry 0 100 
Human isolates were collected from Denmark, Norway, United Kingdom, United States, The Netherlands, 
Germany, Saudi Arabia and France. Porcine isolates were from Denmark, Norway, Germany, United King-
dom and France. Poultry isolates were from Denmark, Norway, The Netherlands, Finland, United Kingdom 
and France * Among the human isolates 7 were from Norwegian poultry farmers and 5 from Saudi Arabia 

Higher prevalence of vancomycin resistant en-
terococci was observed among isolates from 
pigs even after the ban of avoparcin. When 

these isolates were investigated they all con-
tained a large plasmid of 175 kb. Present on this 
plasmid were both the vanA gene cluster and the 
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erm(B) gene. This physical linking explains 
why co-selection of vancomycin resistance by 
the use of macrolides has been observed among 
porcine isolates (Figure 2). Prevalence of van-
comycin resistance prevailed at approximately 
20 % until the voluntarily discontinuation of the 
usage of the macrolide tylosin in 1998. Further 
characterization of the 175 kb plasmid revealed 
the presence of copper resistance genes. To in-
vestigate possible co-selection of resistance to 
macrolides and vancomycin by copper the pres-

ence of the copper resistance genes among resis-
tant isolate was investigated. Results are pre-
sented in Table 5 (Hasman & Aarestrup, 2002). 
Statistically significant indications for co-selec-
tion were found for both macrolide (erythromy-
cin) and vancomycin resistance among isolates 
from pigs. Since copper is used in high concen-
trations in feed to pigs, presence of this concen-
tration of copper may also co-select for both 
macrolide and vancomycin resistance. This is 
currently being investigated. 
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Figure 2. Prevalence of vancomycin resistance among isolates of poultry and porcine origin 
from Denmark. Usage of the antimicrobial growth promoter avoparcin is shown in tonnes 

Table 5. Co-resistance of copper, macrolide and vancomycin among E. faecium isolates of 
animal and human origin. Numbers are given as percentage of the number of isolates  

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 42 0 100 
Humans Copper resistant 33 67 0 100 

 Copper sensitive 46 54 0 100 
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Discussion
Identical resistance genes were found by charac-
terization of the genes encoding for resistance in 
bacteria of animal and human origin for all in-
vested antimicrobials. This clearly indicates that 
the animal and human reservoirs are overlap-
ping and that horizontal transfer of resistance 
can occur between the two reservoirs. Macrolide 
resistance was in most isolates encoded by an 
erm-gene, but specific genes predominate in the 
different bacterial species, indicating limited 
transfer of macrolide resistance between bacte-
rial species. In C. coli resistance was encoded 
by a point mutation so macrolide resistance in 
campylobacter will only spread vertically. 

In the study of vancomycin resistance more ge-
netic variations were found in the vanA gene
cluster encoding resistance and by characteriza-
tion of especially one variation clear indication 
for transfer of vancomycin resistance from the 
animal reservoir to humans were found. 

Not only have genetic characterization indicated 
the flow of resistance from animals to humans 
but have also given some suggestions to why re-
sistance may persist in the absence of a specific 
selective pressure. When looking at the preva-
lence of vancomycin resistance among isolates 
of porcine origin discrepancies between usage 
and levels of resistance was discovered. High 
levels of vancomycin resistance persisted until 
the use of macrolides as growth promoters was 
terminated. By characterization of the vanco-
mycin resistant isolates a large 175 kb plasmid 
was discovered. This plasmid not only encoded 
resistance to macrolide and vancomycin but also 
to copper suggesting that also the use of copper 
as a feed additive might co-select for those re-
sistance determinants. Usage of macrolide has 
until the ban in 1998 upheld resistance to van-
comycin and the continued usage of copper in 
animal feed may pose a selective pressure in fa-
vour of VRE, however this needs to be investi-
gated further. 
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Summary
On 15 February 1998, the Danish poultry indus-
try voluntarily decided to discontinue the use of 
all antimicrobial growth promoters (AGPs). To 
investigate how the removal of AGPs influ-
enced the broiler productivity and health in 
Denmark, data from 6,815 flocks collected from 
November 1995 to May 1999 by the Danish 
Poultry Council were analysed. The three flock 
parameters were: kg broilers produced per 
square meter (per rotation), feed-conversion ra-
tio (total kg feed used per rotation/total kg live 
weight per rotation) and total percent dead 
broilers ((number of dead broilers during the ro-
tation/number of broilers put in the house per 
rotation) x100). The analyses showed that kg 
broilers produced per square meter and percent 
dead broilers in total were not affected by the 
discontinued use of AGPs. However, the feed-
conversion ratio increased marginally by 0.016 
kg/kg. A follow up on the same 3 flock parame-
ters from June 1999 until June 2002 indicated 
that kg broilers produced per square meter in-
creased compared to the period before AGP 
withdrawal. In the same period the feed-
conversion ratio decreased slightly, while per-
cent dead broilers in total remained low or even 
a slight decrease has been the result.  

Introduction 
The practice of adding antimicrobials to broiler 
feed in sub-therapeutic doses was initiated in 
Denmark in the beginning of the 1960’s. Subse-
quently, antimicrobial growth promoters 
(AGPs) have been used widely in the Danish 
poultry production since the beginning of the 
1970’s. AGPs were included in the feed because 
of both growth-promoting and antibacterial ef-
fects (especially on Clostridium perfringens –an
agent of necrotic enteritis (Anonymous 1997)). 

Some of the antimicrobial agents used for 
growth promotion, e.g. avoparcin and virginia-
mycin belong to the same classes of antimicro-
bials used for human therapy. Consequently, re-
sistance towards the AGPs may result in resis-
tance towards therapeutic drugs used for hu-
mans, e.g. vancomycin and quinopristin/dal-
fopristin. In May 1995, the Danish Ministry of 
Food, Agriculture and Fisheries banned the 
AGP avoparcin because E. faecium isolates re-
sistant to vancomycin and avoparcin were found 
commonly in faeces from pigs and poultry 
(Aarestrup et al. 1996). Subsequently, avoparcin 
was banned in EU in 1997. In January 1998, the 
AGP virginiamycin also was banned in Den-
mark because of cross-resistance to quinupris-
tin/dalfopristin (Wegener et al. 1999). Along 
with the bans of the two AGPs, consumers were 
increasingly concerned about the presence of re-
sistant bacteria in food products. Accordingly, 
the Danish poultry industry investigated the 
possibility of a complete removal of all AGPs 
from poultry production. On 15 February 1998, 
the poultry industry decided to discontinue the 
use of all AGPs despite concerns that the re-
moval would result in decreased productivity 
and increased morbidity and mortality. 

This presentation was based on data from the 
productivity database established by the Danish 
Poultry Council. The aim was to investigate 
how the removal of AGPs influenced broiler 
productivity and health. Based on data from 
November 1995 to May 1999, we analysed the 
effect of the discontinued usage of AGPs on the 
flock parameters 1) kg broilers produced per 
square meter, 2) feed-conversion ratio and 3) 
percent dead broilers in total (mortality) (Em-
borg et al. 2001). In addition, the trend in the 
above mentioned flock parameters from June 
1999 until June 2002 was evaluated. 
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Material and methods 
The data were extracted from a productivity da-
tabase administrated by the Danish Poultry 
Council. The Danish Poultry Council compiles 
statistics for each broiler flock produced thereby 
providing the producers with an overview of the 
production results of each flock and an opportu-
nity to compare their results with the average 
flock produced in Denmark at the same time. 
The database was established in the middle of 
the 1970’s and contains production data origi-
nating from different sources in the industry. 

Productivity data from November 1995 to May 
1999
The following flock informations were extracted 
from the broiler productivity database and in-
cluded in the analyses: farm-identification num-
ber, house-identification number within farms, 
flock rotation number within the house, the 
broiler breed, age of parent stock hen, percent 
dead broilers the first week, percent dead broil-
ers in total, feed supplier, percent wheat added 
to the feed, feed-conversion ratio, size of the 
broiler flock, stocking density, hatchery, date of 
hatching, date of slaughter, the average weight 
of a broiler at slaughter, age of broilers when 
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 variables to model 
the seasonal variation within year. 

From November 1995 to early May 1999, 
14,057 flocks were slaughtered in Denmark. 
These flocks were produced by a total of 343 
farms in 929 houses. In total 7,242 flocks were 
excluded from the analyses mainly because of 
missing data values and a few because of erro-
neous values. Subsequently, a total of 6,815 
flocks representing 237 farms and 575 houses 
were included in the analyses. 

The data had a strictly hierarchical structure 
with a 3-level hierarchy: farm → houses →
flocks. Houses were clustered within the same 
farm and multiple measurements of flock pro-
ductivity from the same house were clustered 
over time. Data were analysed using a mixed 
model. This analysis is capable of handling 
fixed and random effects in the same model. 

The correlation structure AR(I) was included to 
describe the repeated measurement of flock 
productivity (SAS Institute Inc. 1996). More de-
tailed information on data and the statistical 
analyses can be obtained from Emborg et al.
(2001).

Productivity data from June 1999 to June 2002 
The Danish Poultry council made additional 
data available from the productivity database for 
the time period June 1999 to June 2002. Trends 
in the 3 flock parameters 1) kg broilers pro-
duced per square meter, 2) feed-conversion ratio 
and 3) percent dead broilers in total (mortality) 
were compared with the results of the statistical 
analyses performed for the period November 
1995 to May 1999. From June 1999 to June 
2002, 13,368 flocks were slaughtered in Den-
mark. A total of 7,189 flocks were excluded be-
cause of missing values leaving data from 6,179 
flocks to be evaluated. 

Results
Kilogram broilers produced per square meter 
The mean monthly kg broilers produced per 
square meter from November 1995 to June 2002 
is shown in Figure 1 (flocks were grouped with-
in month according to the day of hatching). 

November 1995 to May 1999 
The variable period before and after withdrawal 
of AGPs did 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 shows a seasonal 
variation in kg broilers produced per square me-
ter with the lowest average production regis-
tered from May to July. The lower production in 
the summer was most likely due to a reduction 
in stocking density during the warm months, 
because of the fear of high mortality due to heat 
stress. The variables percent dead broilers the 
first week, stocking density and weight at 
slaughter had the largest impact on kilogram 
broilers produced per square meter. The analysis 
showed that more dead broilers the first week 
would decrease kg broilers produced per square 
meter while an increase in either weight at 
slaughter or in the stocking density would in-



53

crease kilogram broilers produced per square 
meter. 

June 1999 to June 2002 
Figure 1 indicates that kg broilers produced per 
square meter from June 1999 to June 2002 was 
higher compared to the period before with-
drawal of antimicrobial growth promoters. 

Feed-conversion ratio 
The mean monthly feed-conversion ratio from 
November 1995 to June 2002 is shown in Fig-
ure 2 (flocks were grouped within month accor-
ding to the day of hatching). 

November 1995 to May 1999 
The average feed-conversion ratio was signifi-
cantly lower (0.016 kg/kg (P<0.001)) in the pe-
riod before than after the removal of the AGPs. 
The age of the broilers at the time of slaughter 
had the largest impact on the feed-conversion 
ratio and a positive estimate indicating that with 
increasing age, it takes more feed to produce 
one kg of bird. In addition, the feed-conversion 
ratio increased when condemned kg carcass or 
the percentage of wheat added to the feed in-
creased. 

June 1999 to June 2002 
An increase in the feed-conversion ratio was ob-
served after the AGP withdrawal. Data from 
June 1999 to June 2002 indicated that this initial 
increase was followed by a slight decrease in 
the feed-conversion ratio.

Percent dead broilers in total (mortality) 
The mean monthly percent dead broilers in total 
(mortality) from November 1995 to June 2002 
is shown in Figure 3 (the flocks were grouped 
within month according to the day of hatching). 

November 1995 to May 1999 
The variable period before and after withdrawal 
of AGPs did not remain in the model meaning 
that percent dead broilers in total did not differ 
before and after the AGP withdrawal. The vari-
able percent dead broilers the first week had the 
largest impact on percent dead broilers in total. 
As expected, the result of the analysis suggested 
that an increase in percent dead broilers the first 
week will result in an increase in percent dead 
broilers in total. The model predicted that an in-
crease in either age at the time of slaughter or 
percent condemned kg carcass will increase the 
percentage of dead broilers in total. 
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Figure 1. The mean monthly kilogram broilers produced per square meter from November 
1995 to June 2002. Flocks were grouped within month according to the day of hatching 
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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 were grouped within month ac-
cording to the day of hatching 
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Figure 3. The mean monthly percent dead broilers in total from November 1995 to June 2002. 
Flocks were grouped within month according to the day of hatching 

June 1999 to June 2002 
Figure 3 indicates that from June 1999 to June 
2002 percent dead broilers in total remained low 
and even a slight decrease seem to have oc-
curred.

Discussion
November 1995 to May 1999 
The variable period before and after withdrawal 
of AGPs did not remain in the two models for 
kg broilers produced per square meter and per-
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cent dead broilers in total. This indicated that 
these two production variables were not affected 
by the discontinued use of AGPs. The results 
from the analyses are in agreement with anecdo-
tal evidence expressed by the producers, who 
did not observe a decrease in the number of kg 
broilers produced or increased mortality. But 
these results were unexpected to both the 
slaughterhouses and the producers, who ex-
pected economic losses due to a lower produc-
tivity and especially an increased mortality due 
to outbreaks of necrotic enteritis and chronic 
hepatitis.

During the first 2-3 months after the withdrawal 
of AGPs, simultaneous increases were observed 
in: kg broilers produced per square meter, feed-
conversion ratio, percent wheat added to the 
feed and percent dead broilers in total (Figure 1-
3). These increases coincided with a general 
strike in Denmark where also the broiler slaugh-
terhouses were affected. Due to the strike, the 
producers were forced to keep the broiler flocks 
for a longer period than expected before they 
could send them to slaughter. Our analyses 
showed that an increase in the age or the weight 
of the broilers would increase kg broilers pro-
duced per square meter, feed-conversion ratio 
and percent dead broilers in total. The wheat 
content of the feed is increased with the age of 
the broilers. If the producers are forced to keep 
the broiler flocks longer than planned, the aver-
age percentages wheat included in the feed dur-
ing the rotation are increased. Therefore, the in-
creases in the 4 parameters observed immedi-
ately after the withdrawal of AGPs was most 
likely caused by the general strike and not by 
the AGP stop (Figure 1-3). 

Improvements in breeding, feed and manage-
ment in the study period are expected to have 
influenced the outcome variables in our analy-
ses. However, the effect of these factors on the 
flock parameters studied could not be accounted 
for in the analysis. 

The feed-conversion ratio increased by 0.016 
kg/kg immediately after the withdrawal of 
AGPs (Figure 2). This increase in feed-con-
version ratio was most likely associated with the 
withdrawal 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 DKr per kg broiler 
produced. The estimated average price for 
AGPs were 0.027 DKr per kg broiler. Therefore 
the additional expenses to extra feed did not ex-
ceed the expenses to AGPs. According to three 
major Danish feed suppliers, other feed changes 
were introduced to optimise the feed simultane-
ously with the removal of AGPs. However, 
these reported feed changes were not uniform as 
some reported changes were in the feed compo-
sition, e.g. changes of the content of protein, 
synthetic amino acids and/or fat and some in-
cluded probiotics. 

In Denmark, it is common practice to mix wheat 
in the compound feed. Our analysis indicates 
that this practise increased the feed-conversion 
ratio. Feed trials done in Denmark showed that a 
1% increase in wheat content increased the 
feed-conversion ratio with 0.0022 kg per kg 
broiler (Petersen 1999). Our model predicted a 
similar increase in the feed-conversion ratio. 
During the study period, the percentage wheat 
included in the feed tended to increase slightly 
(<1%). The increase was observed from the be-
ginning of 1997 and on-ward (Figure 2). The 
slight increase in the percentage of wheat mixed 
in the feed would most likely have contributed 
to an increase in the feed-conversion ratio, but it 
could not explain the immediate increase ob-
served after the withdrawal of AGPs. Because 
wheat is cheap compared to compound feed, it 
is still profitable to include wheat in spite of an 
increased feed-conversion ratio (Petersen 1999). 

The analysis showed that an increase in stocking 
density would increase kg broilers produced per 
square meter. These findings are in accordance 
with production figures reported by Shanawany 
(1988) and Elwinger (1995) who found that 
profit increased when stocking density in-
creased. 

The analysis showed no increase in percent dead 
broilers in total and except for a few extra ne-
crotic enteritis outbreaks veterinarians and pro-
ducers reported no additional increase in mor-
bidity. The amount of antimicrobials used to 
treat disease in broilers at the time of AGP 
withdrawal is not known. Figures from the Vet-
Stat programme showed that in 2001, 161 kg 
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antimicrobial (56,764 animal standard dosages) 
were used to treat disease in 140 million broil-
ers. The use of coccidiostats in Danish broiler 
production might be part of the explanation why 
no decrease in productivity and health was ob-
served after the AGP withdrawal. 

June 1999 to June 2002 
There have been speculations about the long-
term effect of withdrawing AGPs. One of the 
concerns were if the negative effects would 
slowly build-up and then become visible at a 
later point in time. An evaluation of the trends 
in the 3 flock parameters 1) kg broilers pro-
duced per square meter, 2) feed-conversion ratio 
and 3) percent dead broilers in total (mortality) 
up to more than 4 years after the AGP with-
drawal did not identify negative effects, and 
could therefore not support these concerns. In 
contrast, kg broilers produced per square meter 
seem to have increased compared to the period 
before AGP withdrawal. After a minor increase 
(<1%) in the feed-conversion ratio immediately 
after the AGP withdrawal, data up to June 2002 
indicates that the feed-conversion ratio de-
creased while percent dead broilers in total re-
mained 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 
Axelborg, Axeltorv 3, DK-1609 Copenhagen V 

Summary
Together with the feedstuff industry, the Na-
tional Committee for Pig Production initiated a 
voluntary ban on antibiotic growth promoters to 
finishers (weighing more than 35 kg) in the 
spring of 1998. This more than halved the use of 
antibiotic growth promoters for pigs by 1999. 
Experiences collected in 62 finisher herds 
showed that the majority of the herds (63%) did 
not experience any problems such as reduced 
growth or increased frequency of diarrhoea. 
26% of the herds experienced temporary prob-
lems, while 11% experienced permanent prob-
lems. The result of this is confirmed by state-
ments of the national average of the efficiency 
controls (Econtrol), where the development in 
daily gain and mortality was not particularly af-
fected by the removal of growth promoters. 

The application of antibiotic growth promoters 
for weaners (and all other livestock production 
in Denmark) ceased as of January 2000. This 
reduced the application of antibiotics as growth 
promoters to zero. Since then, the use of antibi-
otics for therapeutic treatment has increased, 
which reflects the increasing problems with di-
arrhoea seen in the weaner period (7-30 kg). 
The consequences are also reflected in the 
statements of the national average of the E-
controls, where daily gain has decreased and 
mortality has increased since the removal of 
growth promoters from weaner feed.

Overall, the removal of antibiotic growth pro-
moters has only had a significantly negative ef-
fect on production and health in the weaner pe-
riod (7-30 kg). 

Introduction to Danish pig production 
Annually, 13,500 pig producers produce 22.5 
million pigs in Denmark (=1.8 million tonnes of 
pork), and of these approx. 1.6 million are used 
for live export. More than 95% of all pig 

slaughterings in Denmark are made at the two 
farmer-owned co-operative slaughterhouses 
(Danish Crown and Tican). 80-85% of the pork 
are exported primarily to the EU, Japan and the 
USA. The remaining 15-20% are sold in the 
domestic market – making a total value of €4.3 
billion. Table 1 presents the main key figures 
from Danish pig production. 

The Danish pig producers delivering pigs for 
slaughter to one of the co-operative slaughter-
houses pay a levy of approx. €1.90 per pig. The 
money is managed by the DANISH BACON & 
MEAT COUNCIL, and is spent on research and 
development (The National Committee for Pig 
Production, NCPP), marketing, information etc. 

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

Sows: 
Sows/herd
Weaned pigs/litter 
Dead before weaning, % 

246
10.5
13.2

Weaners (7-30 kg): 
Age at weaning, days 
Weight at weaning, kg 
Dead after weaning, % 
Daily gain, g 
Age at 30 kg, days 

29.9
7.3
3.5
415
85.5

Finishers (30-100):
Produced pigs/herd, pcs. 
Daily gain, g 
Kg feed/kg gain * 
Average lean meat % 
Dead and rejected, % 

3,290
824
2.70
60.2
3.6

* with 13.2 MJ ME/kg 

Chain of events in Denmark 
On January 1, 2000 antibiotic growth promoters 
(AGPs) were removed from animal production 
in Denmark. The reason for removing the anti-
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biotic growth promoters from the feed was to 
minimize the consumption of antibiotics so that 
they are only used for therapeutic purposes. The 
chain of events leading 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 

AGPs for pigs >35 kg (finishers).
Control and penalty systems in-
troduced.

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, spi-
ramycine & virginiamycine. 

Sep. 1999 EU ban: olaquindox & carbadox 
Jan. 2000 Voluntary agreement not to use 

AGPs for pig <35 kg (weaners).
Control and penalty systems in-
troduced.

Consequences
Finishers
NCPP collected experiences from 62 Danish 
finisher herds in the period after they stopped 
using APGs. The majority (63%) of the herds 
did not experience problems such as reduced 
daily gain or increased frequency of treatments 

for diarrhoea when AGPs were removed from 
the feed. 26% of the herds experienced a tempo-
rary decrease in the daily gain, while 11% ex-
perienced permanent problems, probably due to 
the removal of AGPs from the feed. Thus the 
removal of AGPs from the feed has been fairly 
unproblematic in the herds participating in this 
study. The result from the study is confirmed by 
statements of the national average of the pro-
duction efficiency controls. The developments 
in daily gain and mortality reveal no significant 
changes in the 1998 statement (the first year 
without growth promoters for finishers) com-
pared with the previous year (cf. table 2). It ap-
pears however that the increase in daily gain 
(from 1997/98 to 1998/99) was not quite as high 
as in the previous years, and mortality was mar-
ginally higher. 

Weaners
The use of APGs for weaners ceased completely 
as of January 1, 2000. However, many pigs 
(approx. 50%) were fed without APGs already 
from mid-1999. Table 3 presents the develop-
ments in daily gain and mortality. The table il-
lustrates the decrease in daily gain (20 g) and a 
corresponding increase in the pigs’ age at 30 kg. 
Postweaning mortality has also increased (0.7% 
units) in the 1999 statement compared to 1998. 

Thus, the removal of AGPs from feed for wean-
ers has had significantly negative consequences 
in the form of reduced gain and higher mortal-
ity.

Table 2. National average for production efficiency control – finishers 

With growth promoters No growth promoters 
April – April 1995

- 1996 
1996

- 1997 
1997

- 1998 
1998

- 1999 
1999

- 2000 
2000

- 2001 
2001

- 2002 
Daily gain 
(annual in-
crease) 

744
-

762
(+18 g) 

778
(+16 g) 

786
(+8 g) 

798
(+12 g) 

817
(+19 g) 

824
(+7 g) 

Mortality 3.0 3.2 3.2 3.4 3.6 3.4 3.5

See graphs in figure 1 below. 
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Figure 1. National average for production efficiency control – finishers. (See data in table 2) 

Table 3. National average for production efficiency control – weaners 

With AGP Reduced
AGP

No AGP 

April
- April 

1995
- 1996 

1996
- 1997 

1997
- 1998 

1998
- 1999 

1999
- 2000 

2000
- 2001 

2001
- 2002 

Daily gain 422 420 419 427 407
(-20 g) 

411
(+ 4 g) 

415
(+ 4 g) 

Mortality 2.7 2.8 2.9 2.9 3.6
(+ 0.7) 

3.5
(-0.1)

3.5
(0)

Age at 30 kg 82.6 82.6 82.8 82.9 85.3
(+ 2.4) 

85.5
(+ 0.2) 

85.5
(0)

See graphs in figure 2 below. 
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Figure 2. National average for production efficiency control – weaners. (See data in table 3) 
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The effect on the consumption of medicine 
Denmark has some of the world’s strictest legis-
lation on medicine. This is one of the reasons 
why Denmark only uses approx. 1% of the EU 
consumption of medicine for pigs even though 
we produce 10% of the pigs in the EU. 

A change in legislation in 1995 prohibited vets 
from profiting on sales of medicine. This resul-
ted in a halving of the consumption of medicine 
in pig production from 90 tonnes in 1994 to 48 
tonnes in 1996. 

Changes were made in nutrition and manage-
ment in order to fight the increase in outbreaks 
of diarrhoea after removing AGPs from the 
feed. Nevertheless, many herds find it necessary 
to apply medicine for treatment of diarrhoea in 
weaners and young stock. Figure 3 below illus-
trates the influence of this on the present con-
sumption of antibiotics. 

While the consumption of AGPs has decreased 
from 107 tonnes in 1997 to 0 tonnes 2001, the 
consumption of antibiotics – primarily macro-

lides and tetracyclines – for treatment of disea-
ses has increased from 56 tonnes in 1997 to 94 
tonnes in 2001. Overall, the consumption of an-
tibiotics was nearly halved in five years, but 
both politicians and consumers put great atten-
tion to the increasing use of medicine. 

Due to the increased focus on the consumption 
of medicine and development in resistance, 
great efforts in both herds and on the research 
and development area are put into improving 
management and nutrition so that the problems 
may be reduced without using AGPs or increase 
the usage of medicine. 

Conclusion
The removal of antibiotic growth promoters 
from the feed in Denmark has only had signifi-
cant consequences for the weaner production (7-
30 kg) in the form of increased mortality and 
reduced gain. These consequences are also re-
flected in the fact that the consumption of thera-
peutic antibiotics has increased. 
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9. Surveillance experiences from DANMAP and VetStat 
- usage of antimicrobials in animals

Flemming Bager, Vibeke Frøkjær Jensen and Erik Jacobsen 
Danish Zoonosis Centre, Danish Institute for Food and Veterinary Research 
Mørkhøj Bygade 19, DK-2860 Søborg 

Abstract
For many years, in Denmark access to antimi-
crobials for therapy has been comparatively re-
strictive. This means that over the counter 
(OTC) sales of antimicrobials for systemic ther-
apy are not permitted. This applies to antimi-
crobials for use in humans as well as in animals. 
Antimicrobials are available only through 
pharmacies (which must be licensed), irrespec-
tive of whether it is for use by an animal owner 
or for use in veterinary practice. 

Consequently, the distribution pyramid is sim-
ple and transparent and lends itself to inexpen-
sive and reliable monitoring of veterinary me-
dicinal usage. 

Data is available on veterinary antimicrobial us-
age since 1986. For the years 1986 to 1994, 
sales statistics have been collated bi-annually by 
the Danish Pharmacy Association and from 
1996 to 2001 by the Danish Medical Agency. In 
both cases, usage in amount of active ingredient 
was available, however, usage in individual tar-
get animal species could only be ‘guesstimated’. 
Since 2001, VetStat has provided prescription-
based monitoring of usage in individual farms, 
including information about target animal spe-
cies, age group of animal, reason for prescribing 
and other variables. 

Data on usage of antimicrobial growth promot-
ers and coccidiostats has been collected by the 
Danish Plant Directorate since 1990. The data 
have included information on the amount of ac-
tive ingredient, but not routinely on target ani-
mal species which may, however, in some cases 
be estimated. 

Since 1996 the DANMAP reports have pub-
lished annual statistics and analyses of usage of 
antimicrobial therapeutics, antimicrobial growth 
promoters and coccidiostats. 

Analysis of the data shows that total usage of 
therapeutics has varied very considerably, be-
tween highs of 90 and 94 tons of active com-
pound in 1994 and 2001, respectively, and a low 
of 48 tons in 1996. The change in usage be-
tween 1994 and 1996 was not associated with 
any apparent change in animal health or with 
changes in use of antimicrobial growth promot-
ers. The discontinued use of antimicrobial 
growth promoters has resulted in a significant 
decrease in total amount of antimicrobials used. 
There seems to be no straightforward associa-
tion between the amounts used for therapy and 
for growth promotion.

Introduction 
In Denmark, access to antimicrobials for ther-
apy is comparatively restrictive. This means that 
over the counter (OTC) sales of antimicrobials 
for systemic therapy are not permitted. This ap-
plies to antimicrobials for use in humans as well 
as in animals. Antimicrobials are – with one ex-
ception only – available only on prescription 
through pharmacies (currently 283 in number, 
which must be licensed), irrespective of whether 
it is for use by an animal owner or for use in 
veterinary practice. The exception is antimicro-
bials that have special approval for use in feed 
medication. Such antimicrobials may be ob-
tained by feed mills holding the appropriate li-
cense directly from medical wholesalers or im-
porters, however, the mills will only sell medi-
cated feed to a farmer on the basis of a written 
order, issued by a veterinarian. 

In other words, there is no sale directly from 
pharmaceutical wholesalers or importers to vet-
erinarians. The distribution pyramid is simple 
and transparent and lends itself to inexpensive 
and reliable monitoring of veterinary medicinal 
usage.
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In 1995 the legal basis for sale of prescription 
medicines to farmers was changed. The supply 
of medicinal stocks to a farm for more than 5 
day’s use now required the signing of a standard 
contract by a farmer and his veterinary practi-
tioner for animal health advisory service. These 
contracts stipulate monthly visits by the veteri-
narian, on the basis of which drugs to treat spe-
cific herd health problems during the following 
35-day period can be sold or prescribed. Within 
this framework, the decision about when to treat 
as well as the extent of treatment is made by the 
farmer. In practise, however, the farmer will 
also use medicines supplied under the agree-
ment to treat sporadic cases of acute illness, 
even when they are not part of the herd diagno-
sis made by the veterinarian. 

Collection of usage data 
Therapeutics
Prior to marketing, all veterinary medicines 
must given a product code, issued by the Danish 
Medical Agency. The code is a unique identifier 
which designates the type, formulation, and 
strength of the drug and the size of the pack, in 
addition to other information.

In 1994, veterinary antimicrobial usage data 
were collated retrospectively by the Danish 

Pharmacy Association (DPA) at bi-annual inter-
vals from 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 collat-
ing veterinary usage statistics. In contrast to 
data from the DPA, the official statistics were 
based on annual returns by importers and manu-
facturers of veterinary medicines of the number 
of items sold for each product code and repre-
sents sales to pharmaceutical wholesalers, rather 
than sales to the end-user. In both cases - as 
most of the veterinary antimicrobials have 
multi-species claims – information about usage 
in individual animal species was not available. 

During 2000, the VetStat usage monitoring pro-
gramme was launched. In addition to the iden-
tity and quantity of medicine sold, the pro-
gramme records the target animal species, the 
age group and the disease category as well as 
the identity of the farm where the animals are 
located and the identity of the prescriber. The 
information is extracted automatically during 
electronic processing of prescriptions at the 
pharmacy and reported to the register at 
monthly intervals. Veterinarians in large animal 
practise are required to provide the same type of 
information relating to their usage of prescrip-
tion medicines in production animals. Input into 
VetStat is shown in Figure 1. 
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Agency

10%

85%

For each record:
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Figure 1. Data flow into VetStat 
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Feed mills with a license to manufacture and 
sell medicated feed are required to report the 
sales to VetStat, providing the information 
about farm identity and target species as for 
other therapeutics.  

As VetStat records information about target 
animal species and age group it is possible to 
report usage in terms of animal daily dosages 
(ADD), permitting comparison of usage of an-
timicrobials of unequal potency. Farmers are 
mainly prescribed medicines following a 
monthly visit by a veterinarian to treat specific 
herd health problems that were identified. While 
there is little uncertainty that VetStat records 
correctly the farm where the medicine will be 
used, the farmer may use some of the medicines 
to treat sporadic cases of disease not diagnosed 
by the veterinarian at his visit. Therefore, in-
formation in VetStat about age group, disease 
category and possibly animal species may be as-
sociated with some inaccuracy. 

By law, all treatments of mastitis in dairy cattle 
have to be initiated by a veterinarian. Therefore, 
in cattle virtually all antimicrobials are either 
used by the veterinarian personally, or sold by 
the veterinarian to the farmer for completion of 
a course of treatment. Information in VetStat 
about farm ID and target animals species of this 
part of usage became reliable only during 2002.  

Feed additives 
Usage of feed additives (antimicrobial growth 
promoters and coccidiostats) has been moni-
tored by the Danish Plant Directorate between 
1990 and 2001. Data pre-1990 are not available. 
The basis has been 6-monthly returns by feed 
manufacturers licensed to produce premixes 
containing the EU approved additives. The sta-
tistics have represented the quantities of active 
compound sold. As some of the additives have 
multi-species claims, information about use in 
individual animal species has not been available 
on a routine basis. Sales of feed containing coc-
cidiostats or growth promoters is now moni-
tored through VetStat. 

Distribution of usage by animal species 
With the implementation of VetStat, data on the 
distribution of usage by animal species became 
available from 2001. Table 1 shows distribution 
by main animal species, excluding cattle, ac-
cording to information received from pharma-
cies and feed mills. As most antimicrobials in 
cattle are used by the veterinarian personally – 
or sold by the veterinarian for completion of a 
treatment course as described above – cattle us-
age is included under the heading ‘Use in prac-
tise’, representing pharmacy sales to veterinary 
practices. Only 1.6 % of total antimicrobial us-
age is sold directly from pharmacy to cattle 
farmers on the basis of veterinary prescriptions. 

Table 1. Distribution of antimicrobial usage 
by animal species in 2001. Distribution is 
based on information from pharmacies and 
feed mills (for medicated feed). The quanti-
ties sold for use in practice is used mainly in 
cattle. Data: VetStat 

 Kg % of total 
Pigs  71,247  74 
Poultry  329  0,3 
Aquaculture  3,056  3 
Companion animals  455  0,5 
Production animals, 
species not given  3,360  3 
Use in practice  15,253  16 
Other species  2,536  3 
Total  6,235  100 

Medicated feed is used almost exclusively in 
pigs (1763 kgs in 2001) and in aquaculture 
(2883 kgs). Less than 1 kg active compound (of 
a macrolide) was used in poultry and none in 
other species. 

Trends in usage 
Table 2 shows usage of therapeutics by antim-
icrobial group and Figure 2 the overall trends in 
all antimicrobial usage in animals.  
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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 aquaculture 
b)  The macrolides include: spiramycin, tylosin, lincomycin and tiamulin 

Examination of Table 2 shows that the use of 
sulfonamides (mainly sulfadimidine usage in 
pigs) declined markedly between 1988 and 
1990, following the discovery that it was recir-
culated in the pens, leading to violation of resi-
due levels. The decline in sulfonamide usage 
was not entirely reflected in overall usage, as 
usage of tetracycline increased by 160% during 
the same period. The following 4-year period 
saw a remarkable increase in the usage of oral 
tetracyclines, whereas, by comparison, there 
was little change in usage of other antibiotic 
groups. The significant decline in the group 
‘Others’ in Table 2 from 1986 to 1988 was 
caused by the banning in 1987 of dimetridazole, 
which was used in significant amounts in pig 
production.

As is apparent from Figure 2, total usage de-
clined by almost 50% between 1994 and 1996. 
This was a result of legislative changes imple-
mented in 1995 with no apparent relation to 
changes in the health of the national pig herd. 
Following this, we saw a slow increase in usage 
until 1999, when the rate of increase acceler-
ated, this time driven again by higher usage of 
tetracyclines as well as macrolides and linco-
samides (mainly the former). As will be clear 
from Figure 3, the increased use in recent years 
has mainly been in compounds used for water or 
feed medication. 

In contrast, usage of antimicrobial growth pro-
moters has been less variable (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 fur-
ther details). Usage for growth promotion in-
creased at the time that use of therapeutics went 
up in the early 90’s and was almost unaffected 
by the reduction in therapeutic use from 1994 to 
96. Usage of antimicrobial growth promoters 
fell drastically in 1998 with the industry deci-
sion to discontinue use in broilers and in pigs 
over 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 thera-
peutics, however, went up in 2000 and 2001.

Discussion and conclusion 
Reliable statistics on usage of antimicrobial 
therapeutics have been collected since 1986 and 
on antimicrobial growth promoters since 1990. 
Usage of antimicrobials for therapy has varied 
considerably from year to year, without any ap-
parent relation to changes in the health status of 
the national pig herd. There is also no apparent 
relationship between amounts of antimicrobials 
used for therapy and for growth promotion. 
Comparing total usage of antimicrobials in 1994 
(the year before the first intervention against 
growth promoters) with total usage in 2000 (the 
first year without growth promoters) has seen a 
reduction from 205 tonnes to 80.7 tonnes or 
60.6%.
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Figure 2. Trends in usage of antimicrobials for therapy and for growth promotion in Den-
mark. Animal ther: usage for treatment of disease; Growth prom: usage for growth promo-
tion. Data: DANMAP 
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Figure 3. Trends in usage of therapeutics by route of application. Data: DANMAP 

Okholm et al. (Danish Veterinary Journal, 2003, 
in press) studied usage of antimicrobial thera-
peutics in 96 Danish pig herds. Among a num-
ber of risk factors for high usage was, paradoxi-
cally, being a high health herd (Specific Patho-
gen Free herd, relative risk=2.9). Given that in 
pig herds the decision to treat is made by the 
farmer and may be based on less than rigid di-
agnostic criteria, and the fact that usage patterns 
in pigs have significant impact on overall usage, 
this may explain the variation over time in us-

age of therapeutics, and also the absence of ap-
parent association between usage and major, 
widespread health problems in the Danish pig 
production.
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Abstract
This paper reports the completion of a research 
project conducted by the Danish Veterinary In-
stitute in the years 1998 – 2000. The purpose 
was to investigate the consequences of termina-
tion of AGP usage on animal welfare, drug us-
age, production/productivity data and antimi-
crobial resistance at a large number of farms. 
The data collection procedures and data material 
are described and the treatment-indication inci-
dences and incidences of antimicrobial usage, 
standardised to Animal Daily Dosage, among 
post-weaning pigs are presented. A notable con-
sequence of the terminated usage is a marked 
increase in diarrhoea-treatment incidences and 
concurrent increase in the usage indices for an-
tibiotic preparations commonly used for diar-
rhoea treatment. Among weaner pigs, these in-
cidences remain at this new high level one year 
after the terminated usage of AGP’s, whereas 
the situation among grower/finisher pigs returns 
to the level before the terminated usage.  

Introduction 
Antimicrobials are used in food animal produc-
tion to ensure a healthy production economy 
and animal welfare. Unfortunately, the con-
sumption can lead to development of resistant 
bacteria. This fact constitutes a matter of con-
cern, because it may contribute to antimicrobial 
resistance problems in both human and veteri-
nary medicine. This concern has been the offset 
for research projects into resistance develop-
ment in conjunction with growth promoting 
low-dosage administrations of the same com-
pounds we would like to keep effective, when 
used in therapeutically dosage regimes to fight 
infections in humans. The produced evidence 
was enough to lead the EU countries to a ban of 
several antimicrobial compounds for growth 
promoting purposes. In Denmark the pork in-
dustry voluntarily offered to abandon the use of 

growth promoting antimicrobials (AGP’s) in 
feed to slaughter pigs, 1998 and in weaners feed 
by the end of the year 1999. 

The aim of a research project at the Danish In-
stitute for Food and Veterinary Research 
(DFVF) was to investigate the consequences of 
ceased use of AGP’s on animal welfare, drug 
usage, production/productivity data and antim-
icrobial resistance at a large number of farms. 
The project consisted of two parts, a cross-
sectional study including all farms and a longi-
tudinal study, involving only a limited number 
of farms, where groups of pigs were sampled 
frequently for antimicrobial resistance testing. 
The results from the longitudinal study are re-
ported by another group of researchers, and will 
not be dealt with at this symposium. The out-
come of the antimicrobial resistance investiga-
tion in the cross-sectional study is presented in 
another contribution to this symposium by 
Håkan Vigre, from the DFVF. Current paper de-
scribes the consequences on animal welfare and 
consumption of antimicrobials for therapeutic 
usage in the herds participating in the cross-
sectional study. 

Materials and methods 
The collection of sufficient and valid data over a 
prolonged period of time was crucial to the suc-
cess of the project. It was decided to work with 
a selected set of farms appointed by a selected 
set of vet practices. The course of any random 
selection procedure was thought to end up in an 
equally or otherwise selected material due fail-
ure by farmers or veterinarians to accommodate 
the high demands set for the data material. 

Sixteen specialized swine practitioners were se-
lected and asked to propose in all 150 farrow-
tofinisher farm-units for project participation. 
The veterinarians were selected on the basis of 



68

former research participation, personal ac-
quaintance and geographic distribution of prac-
tice area. Their criteria for selection of the farm-
units were thorough written recording of treat-
ments and production-/productivity data and 
present or recent usage of AGP in weaners feed. 

The vet-practitioners were paid their expenses 
and time consumption in the herds. They were 
offered a preset sum for participating and a sum 
per farm they enlisted in the project. The farm-
ers were offered opportunity to submit sam-
ples/carcasses for further diagnosis and resis-
tance testing free of charge within a preset but 
somewhat negotiable limit. 

A written questionnaire of 42-questions was 
forwarded to the farm-veterinarian along with a 
manual elaborating on the interpretation of and 
background for some of the questions that could 
be subjected to misinterpretation. The purpose 
of the questionnaire was to record farmdata on 
management and feeding with an emphasis on 
AGP-usage. A draft questionnaire was tested by 
researchers and farm veterinarians in a couple of 
herds. This to ensure the comprehensibility of 
questions and in order to produce a question-
naire manual to the veterinarian. The pre-test re-
sulted in only minor revisions of the question-
naire. In general the farm vet would administer 
the questionnaire and forward it to the Danish 
Veterinary Institute. One vet practice preferred 
to leave the questionnaire to be filled out by the 
farmer himself and a few questionnaires were 
undertaken by the researchers. 

Included in the questionnaire was a statement 
the farmer could sign in order to allow free ac-
cess for researchers to contact his local consult-
ant office to obtain production data and the 
feedmills to obtain exact information of the 
composition of the feed. The Danish Bacon and 
Meat Council, National Committee for Pig Pro-
duction produced the larger part of productiv-
ity/production data of the farms. 

The pig producers were asked to record all an-
timicrobial treatments in the herd early year 
1999 until September 1’st, year 2000. Please re-
fer to Table 1-3 for farmer recordings per treat-
ment. 

Table 1. Age groups 

Age group 
Adults
Suckling piglets 
Weaners
Growers
Finishers

Table 2. Indication for drug usage 

Indication for drug usage 
Diarrhoea
Respiratory disorder 
Arthritis
MMA
Vaginal discharge after service 
CNS disturbances 
Skin disorders 
Tale biting 
Runting (unthriving) 
Other

Table 3. Additional information per usage 

Additional information 
Trade name of drug preparation 
Date of usage 
Number of animals treated 
Total amount of drug used 
Initial usage/consecutive usage 

The route of administration and concentration of 
the drug preparation were often obvious, given 
the commercial name, but had to be verified by 
phone in some instances. Prefabricated re-
cording-schemes were forwarded to the vet-
practices for photocopying and distribution 
among farmers. A number of farmers preferred 
to use their own recording schemes. This was 
accepted as long as there were no discrepancies 
in recording detail between the standard scheme 
and the farmers own forms. Through their vets 
the farmers were instructed to record the usage 
of antimicrobials but a majority found it easier 
to instruct their employees to report all drug us-
age including e.g. oxytocin to sows. A minority 
started out enthusiastically recording all vacci-
nations as well, but they soon gave up on this 
initiative.
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The medicine recording schemes were collected 
at the farms by the vets at their regularly 
monthly visits and forwarded to the DFVF. A 
relational database application was established 
on an Oracle®-platform and data was entered 
into the application by a secretary and by vet 
students under close supervision by the author. 
Whenever the forms could be subjected to mis-
interpretation the vet or the farmer was con-
tacted by phone. 

Since some degree of unintentional underreport-
ing by the farmers on their drug usage was ex-
pected, a second point of data collection, the vet 
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 preparations to 
specific age groups since last visit. On this basis 
new prescriptions are issued, unused drugs are 
taken back or re-prescribed. These account 
forms were collected along with all written pre-
scriptions one year before and one year after the 
individual farms stopped using AGP in weaners 
feed. Additional collected written information 
included treatment-regime hand-outs and visit 
reports. The data from the periodic account 
forms were also entered into the Oracle® appli-
cation.

Calculations of treatment incidence 
The farmer-recorded treatments were used when 
calculating treatment incidences. The frequen-
cies of different indications for treatments 
within weaners and grower/finishers, respec-
tively, were measured as the number of treat-
ments a day per number of animals at risk a day 
– the treatment-incidence. The unit treatment 
indications per pig month was preferred for this 
presentation, one pig month being 30 pig days. 
The date specific indications for treatment inci-
dence were summarised over 30-days periods 
for each farm, where the 30-days periods were 
related to the date were the farm stopped admin-
istering AGP’s in weaners feed. If a farm had no 
recorded treatments during a particular 30-days 
period, this was assumed to be a result of miss-
ing recordings, and the farm was not included 
when calculating the average treatment-
incidence in the farms of that particular 30-days 
period.

Calculation of antibiotic group-specific usage 
incidence 
The monthly account-forms were used when 
calculating antibiotic usage incidences. To be 
able to compare the amounts of used antibiotics 
from different generic groups, the amount of 
drugs were standardised to doses using the prin-
ciple of Defined Daily Dose (DDD) in human 
medicine. For any drug formulation an Animal 
Daily Dosage (ADD) was defined as the aver-
age daily dose as recommended by the drug 
company used for the major indication in wean-
ers with a standard weight of 15 kilograms (kg), 
and in growing/finishing pigs with a standard 
weight of 50 kg. It can be interpreted as the an-
tibiotic usage-intensity within the agegroup. If a 
farm had no recordings of antibiotic usage it 
was excluded from the calculations at that par-
ticular 30 day period. 

The denominators used in the incidence-calcu-
lations were the number of weaners and grow-
er/finishers housed, as stated in the question-
naire by the farmer. 

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

Profile of farms in this subset of study 
The combined number of gilts and sows at the 
farms ranged between 34 and 725 (1st quartile: 
127; median: 195; 3rd quartile 288). The number 
of weaners ranged between 75 and 2500 (1st

quartile: 420; median: 700; 3rd quartile 1262) 
and the number of growers/finishers ranged 
from 45 to 4145 (1st quartile: 410; median 700; 
3rd quartile 1190). It should be mentioned, that 
some farms didn’t raise all weaners, but sold off 
quite a few. 

The date where AGP’s no longer was found in 
rations to weaners and growers/finishers (AGP-
Stop) could be determined within a range of 14 
days. The farmers information from the ques-
tionnaires was validated through telephone in-
terviews with the staff at the feedmills. For 
weaners this date ranged from the July 1’st, 
1996 to February 25’th, 2000. 25% of the farms 
stopped using AGP before March 31’st, 1999, 
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50% of the farms before August 1’st, 1999 and 
75% of the farms before the September 1’st, 
1999.

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

Farmers registrations of indications for antibi-
otic usage
The farmers registrations of indications for 
treatments are displayed in Figure 1 and Figure 
2. A marked increase in treatment incidence of 
diarrhoea among weaners after ceased use of 
AGP is obvious. The incidence remains high a 
year after the AGP-stop consistent with reports 
from farmers and veterinarians of severe diffi-
culties controlling post weaning diarrhoea and 
later the infection with Lawsonia intracellularis 
in the grower pigs. The treatment incidence of 
diarrhoea among grower/finisher pigs likewise 
has marked increase after AGP stop but seems 
to reach its highest level after 6 months and re-
turn to the level before the AGP stop after a 
year. This return to normal could indicate better 
control of Lawsonia infection at the farms. 

As mentioned earlier the dosage incidences are 
presented on the basis of another dataset than 
the treatment incidences. Nevertheless, due to 
the direct coherence between treatment and the 
consumption of antibiotics, a similar course is 
expected and found within both age groups. 
When observing the distribution between the 
different antibiotic compounds, the increase in 
the usage of macrolides (mainly tylosin) 
toweaners is remarkable. It might indicate a 
substitution of therapeutic prescribed tylosin 
over growth promoting tylosin.

Treatments of weaners 

Figure 1. The relationship between the aver-
age frequency of indications for treatments 
among weaners per pig-month at risk and 
months before and after the ceased usage of 
AGP in the feed to weaners. At the top is 
listed the number of farms contributing data 
per month marker 

Treatments of grower/finisher pigs 

Figure 2. The relationship between the aver-
age frequency of indications for treatments 
among grower/finishers per pig-month at 
risk and the months before and after ceased 
usage of AGP in the feed to weaners. At the 
top is listed the number of farms contributing 
data per month marker 
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Animal daily dosage to weaners 

Figure 3. The relationship between the aver-
age ADD consumption to weaners per pig 
month at risk and the monthly time interval 
from the ceased usage of AGP in the feed to 
weaners. The ADD has been calculated using 
the manufacturers recommended dosage and 
if given as an interval, the mean dosage. At 
the top is listed the number of farms contrib-
uting data per month marker 

Animal daily dosage to grower/finisher pigs 

Figure 4. The relationship between the aver-
age ADD consumption to grower/finisher 
pigs per pig month at risk and the monthly 
time interval from the ceased usage of AGP 
in the feed to weaners. The ADD has been 
calculated using the manufacturers recom-
mended dosage and if given as an interval, 
the mean dosage. At the top is listed the num-
ber of farms contributing data per month 
marker

Discussion
The study group of veterinarians and farms were 
highly selected in order to obtain valid data over 
a prolonged period of time. Nevertheless, the 
somewhat lacking tradition of systematic re-
cording of disease, treatments, occurrences etc. 
in the herds, is obvious. Although mandatory, 
the recording of antimicrobial usage are not 
used for a purpose and therefore not given spe-
cial attention, a ‘catch22’ situation. The mere 
size and complexity of the datasets yields 
though, a good basis for epidemiological analy-
ses of the effects of terminating AGP usage in 
Denmark and solid ‘baseline’-knowledge of 
treatment patterns at pig farms.  

Given the increase in the treatment incidences is 
a consequence of more cases of disease and not 
altogether precautionary measures, the findings 
are consistent with reports from farmers and 
veterinarians of severe, lasting problems with 
containment of diarrhoea in the post weaning 
period. The data material would though benefit 
from corrections for seasonal variations in con-
nection with clustering of AGP termination 
date. A range of other contributing factors to the 
diarrhoea incidence in the post weaning pigs can 
be thought of. These includes reduced supple-
ments of zinc oxide, increased litter size, low 
pork prices etc. and should be taken into ac-
count 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 
advance in order for the farmers and their con-
sultants to adjust the production means and fa-
cilities. An increase in the amounts of therapeu-
tic usage seems inevitable based on the experi-
ences in the Nordic countries. Guidelines for 
prudent therapeutic and prophylactic usage of 
antibiotics should be readily available and reli-
able.
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11. Consequences of termination of AGP use for broiler health and usage of 
antimicrobials for therapy and prophylaxis

Niels Tornøe 
Danpo A/S 
Ågade 2, DK-7323 Give 

Summary
For all broilers hatched after 15 February 1998 
the Danish broiler industry adopted a voluntary 
ban on the use of antibiotic growth promoters 
(AGP).

In the first year without AGP Danpo slaughtered 
about 48 million broilers from about 1700 
flocks. During this period necrotic enteritis (NE) 
was diagnosed in 25 flocks compared with 1-2 
flocks only, when growth promoters were used. 
A total of about 24 kg amoxillin (active com-
pound) was used to treat the outbreaks. Alterna-
tively, without the voluntary stop, the Danpo 
flocks would have used approximately 1.500 kg 
active compound of antimicrobials for growth 
promotion. 

For some months after the AGP-stop the growth 
rate seemed reduced, and the average mortality 
and condemnation rates increased in general in 
the Danish broiler production. After some 
months the average weight began to increase, 
and mortality and condemnations became like 
before. There has been no marked change in the 
health status in the Danish broilers in the last 4 
years, and an increase in the use of therapeutic 
antibiotics has not been found. The total con-
sumption of antibiotics has been reduced to 
some per cent of, what was used before the stop. 

Without doubt the great efficiency in the Danish 
broiler production, the high hygiene level and 
veterinary status have been important key points 
in the success. 

From an animal welfare, antibiotic politically 
and economically point of view it seems for the 
coming years only possible to produce broilers 
in Denmark, if it will still be allowed to use 
ionophores in the coccidiosis (and necrotic en-
teritis) prophylaxis. 

Introduction 
More than 130 million broilers are produced in 
Denmark every year. A typical Danish broiler 
house is about 1800 m2 - central heated and well 
insulated. Feeding, temperature, humidity and 
light are automatically controlled. The “all in all 
out system” is used, and the houses are cleaned 
and disinfected thoroughly between every crop. 
A strong bio security system - tightened to make 
almost all flocks salmonella free - helps to avoid 
infections from the surroundings. The farmers 
are well educated and are continuously forced to 
optimize the production to be able to compete 
and survive in the broiler production.  For all 
broilers hatched after 15 February 1998 the 
Danish broiler industry adopted a voluntary ban 
on the use of antibiotic growth promoters 
(AGP). Before that Danpo A/S, who slaughters 
and processes about 40 % of the Danish broil-
ers, had done some trials and found that the 
consequences of an AGP-stop in the broiler feed 
seemed to be a higher feed conversion ratio, a 
minor growth rate reduction and a few mild at-
tacks of necrotic enteritis (NE). 

To compensate the flocks lower productivity, 
when the AGP was removed from the feed, the 
payment per Kilogram live weight had a rise of 
0,07 Danish kroner. Furthermore Danpo formed 
a fund of 1 mill. Kroner, from which the Danpo-
producers could get an economical compensa-
tion for the loses after NE. Meetings were ar-
ranged, where producers were told about symp-
toms and pathological signs of NE. To every 
broiler farm was sent a letter with this informa-
tion plus addresses of pharmacies, where the 
veterinarian could order appropriate medicine 
day and night. 

Results
During the first year without AGP Danpo 
slaughtered about 48 mill broilers from about 
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1700 flocks. During this period NE was diag-
nosed in 25 flocks compared with 1-2 flocks 
only, when growth promoters were used. A total 
of about 24 kg amoxillin (active compound) was 
used to treat the outbreaks. Alternatively, with-
out the voluntary stop, the Danpo flocks would 
have used approximately 1.500 kg active com-
pound of antimicrobials for growth promotion, 
assuming a mean inclusion rate in the feed of 10 
ppm. There was paid less than 150.000 Kr in 
compensations for birds died or condemned as a 
consequence of NE and for veterinary expenses. 

In Danpo we are quite sure we have been in-
formed of at least the great majority, if not all of 
the NE cases by our broiler producers because 
of the information given and the possibility of 
economical compensation from the fund men-
tioned.

Among veterinarians in the broiler production it 
was feared that the clostridia level at some 
farms crop after crop should build up leading to 
outbreaks of NE or at least to a higher rate of 
liver condemnation. This has not been seen till 
now and sub clinical NE as described in some 
countries have had very little or no importance.

In general, in the spring and early summer 1998 
the health status in the Danish broiler flocks was 
not quite as good as in the months before. As 
seen in the figures with data from the productiv-
ity database administrated by the Danish Poultry 
Council the mortality and condemnation rate in-
creased slightly and the slaughter weight was as 
earlier mentioned also reduced in some months. 
The reason for this was obviously not only the 
exclusion of AGP in the feed. In that period 
avian leucosis was diagnosed in some parent 
flocks, and all broiler flocks were during one ro-
tation vaccinated with an inter medium Gum-
boro disease vaccine, which in Denmark often 
reduces the growth rate and the litter quality. 

Some months after the introduction of the vol-
untary ban the growth curve started to increase 
again, and this trend has continued during the 
past 4 years, as well as the mortality has de-
creased slightly and condemnation rates have 
fluctuated with a falling tendency. 

As known it is only allowed to use antibiotics 
for therapy in broiler flocks in Denmark, when a 
veterinarian has made a diagnoses before he or-
ders the medicine. Therefore prophylactic use of 
antibiotics is illegal. 
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Source: The Danish Poultry Council 

It is the general opinion among veterinarians 
working with poultry in Denmark that there has 
been no increase in the ordination of therapeutic 
antibiotics during the last more than 4½ years 
after the termination of AGP use in the broiler 
production. Vetstat under Danish Zoonosis Cen-
tre has since 1 January 2001 registered the con-
sumption of therapeutic antibiotics in animals in 
Denmark inclusive in poultry for meat produc-
tion (broilers, turkeys, gees, ducks and game 
birds). The use of active compound of penicillin 

with extended spectrum, which represent about 
90% of the consumption in this group of poul-
try, and which is the drug of choice for NE, was 
145 kg in 2001 and 82 kg in the first 6 month of 
2002. This indicates that there has not been a 
marked increase in the treatment of broilers with 
antibiotics since the AGP-stop. 

For many years the Danish broiler producers 
have learned the lesson to use ionophores in the 
feed during at least the first 18 – 20 days of the 
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chickens life to prevent NE. After the ban of 
AGP the ionophores have been the only - but ef-
fective - NE prophylaxis in broiler feed. Ex-
periments with coccidiosis vaccines in Denmark 
and in other countries have unfortunately shown 
severe attacks of NE, when ionophores have 
been replaced by vaccines in the coccidiosis 
prophylaxis.

Conclusion
In the Danish broiler production it has been pos-
sible to terminate the use of AGP without 
marked consequences for the health and con-
sumption of antibiotics for therapy. The number 
of flocks with acute NE and/or chronic hepatitis 
has became a little higher, than before the ban. 
For some months the growth rate seemed de-
pressed and the average mortality and condem-
nation increased. 

The total consumption of antimicrobials in Dan-
ish broiler flocks has been reduced to some per 
cent of the use before the ban. 

Without doubt the great efficiency, the high hy-
giene level and veterinary status have been im-
portant key points in the success. 

From an animal welfare, an antibiotic political 
and a financial point of view it seems only pos-
sible in the coming years to produce broilers in 
Denmark, if it will still be allowed to use iono-
phores in the coccidiosis (and necrotic enteritis) 
prophylaxis.
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12. Sector and economy wide effects of terminating the use of antimicrobial 
growth promoters in Denmark1

Lars-Bo Jacobsen and Hans G. Jensen 
Danish Research Institute of Food Economics 
Rolighedsvej 25, DK-1958 Frederiksberg C 

1 Note: this reference is a revised version of the paper presented at the conference in Foulum. In response to queries 
from the Panel, some of the estimated production costs were updated, the economic analyses were recalculated and 
some of the text was revised. 

Abstract
In Denmark the poultry industry and the Na-
tional Committee for Pig Production, together 
with the feedstuff industry, decided to voluntar-
ily discontinue use of all Anti-microbial Growth 
Promoters (AGP). The poultry industry discon-
tinued the use of AGP 15 February 1998 and the 
pig industry followed 1 March 1998 (for pigs 
over 35 kg) and 1 January 2000 (for pigs under 
35 kg). To evaluate the effects of the discon-
tinuance, data from both the poultry and pig in-
dustries were collected during a transition pe-
riod for the removal of AGP from feedstuffs. 

Utilizing these production data, this paper calcu-
lates economy-wide effects of the removal of 
AGP using the Agricultural Applied General 
Equilibrium (AAGE) model of the Danish 
economy. 

The results show that the long-term effects are a 
moderate decline in the production and export 
of pig meat, and a positive indirect effect on 
other industries including poultry due to lower 
rental rates for primary factor inputs (land, la-
bour and capital). Production of pig meat is pro-
jected to decline by 1.4%, and exports by 1.7%. 
In the case of poultry, production and exports 
increase by 0.4 and 0.5%. The overall implica-
tion is a small decline in real GDP of 0.03% 
(363 mill DKK at 1995 prices), and a consump-
tion decline of 0.03% - equivalent to 45 DKK 
per capita per year. 

Although the cost in terms of real GDP and con-
sumption are small, such cost analyses could be 
compared with expected benefit of the removal 
of AGP. These benefits have not been a part of 

this analysis, but only if they are calculated or 
assumed to exceed the costs could AGP removal 
be said to be beneficial to society as a whole. 

Introduction 
In Denmark the poultry industry and the Na-
tional Committee for Pig Production, together 
with the feedstuff industry, decided to voluntar-
ily discontinue use of all Anti-microbial Growth 
Promoters (AGP). The poultry industry discon-
tinued the use of AGP 15 February 1998 and the 
pig industry followed 1 March 1998 (for pigs 
over 35 kg) and 1 January 2000 (for pigs under 
35 kg). 

To evaluate the effects of the discontinuance, 
data from both the poultry and pig industries 
were collected during a transition period for the 
removal of AGP from feedstuffs. The objective 
of this paper is to utilize these production data 
to calculate the economy-wide effects of the 
removal of AGP, using an applied general equi-
librium of the Danish economy. 

Production data 
The Danish Poultry Council investigated how 
the removal of AGP influenced broiler produc-
tivity in Denmark by analysing data from 6815 
flocks during the period November 1995 to July 
1999. It was found that broiler weight produced 
per square meter and percentage deaths were not 
affected but that the feed conversion ratio in-
creased marginally (by about 1 %) (Emborg et 
al., 2001a).The National Committee for Pig 
Production has recorded, for many years, pro-
ductivity data in a representative sample of Dan-
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ish pig herds. Withdrawal of AGPs was found to 
have had no, or very limited, effect on finishers 
and growers. In the production of weaned pigs 
there were increased problems with post-
weaning diarrhoea, a reduction in daily weight 
gain and increased post-weaning mortality 
(Callesen, 2000). Finn K. Udesen from the Na-
tional Committee for Pigs, has estimated that 
these productivity loses incurred by removing 
AGP in the production of pigs has cost 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 % due to 
the abolishment of AGP when the increased cost 
of production (DKK 7.75 per produced pig) is 
compared to the total cost of pig keeping per 
sow in Denmark. 

Due to the fact that the increased cost of produc-
tion are best estimates made by Udesen, two

sensitivity analyses are also undertaken where 
the cost of product is increased/decreased by 25 
%.

In the case of poultry, the feed-conversion ratio 
increased by 0.016kg feed/kg broiler after the 
removal of AGP. In economic terms this 
amounts to 0.025 DKK/kg broiler using an av-
erage feed price of 1.55 DKK/kg. It has been es-
timate that the cost of adding AGP to broiler 
feeds is roughly 0.027 DKK/kg broiler where-
fore the total cost of producing broilers in Den-
mark is not assumed to be affected by the AGP 
removal (Emborg et al., 2001b). 

In the following the calculated percentage in-
creases in costs of producing pigs (1.05 %) and 
poultry (0.0 %) are used to calculate the econ-
omy wide effects of removing AGP from feed-
stuffs in Denmark. 

Table 1. Productivity reductions and cost per produced pig incurred by removing AGP 

   DKK per pig produced 
Excess mortality 0.6% 425 DKK/pig (20 kg)  2.55 
Excess feeding days 1.6 days 1.10 DKK/day  1.75 
Increased medication 25500 kg value 53 mio. DKK  2.25 
Increased workload 30 sec./pig 145 DKK/hour  1.20 
Total cost    7.75 
Source: Estimates made by Finn K. Udesen from the National Committee for Pigs 

Table 2. Estimated total cost increase for pig keeping in Denmark, percent 

 1997/98 Sensitivity analysis 
 -25% +25%
Produced pigs per sow 20.0 20.0 20.0
Extra production cost per pig produced DKK.. 7.75 5.81 9.69
Extra production cost per sow DKK 138 103 172
Total pig keeping cost per sow DKK 14832 14832 14832
Produced pigs per sow 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 
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Model and scenario 
There are five types of agents in the AAGE 
(Agricultural Applied General Equilibrium) 
model: industries; capital creators; households; 
governments and foreigners. The current data-
base of the model identifies 68 industries pro-
ducing 76 commodities (see appendix A). For 
each industry there is an associated capital crea-
tor. The capital creators each produce units of 
capital that are specific to the associated indus-
try. There is a single representative household 
and a single government sector. Finally, there 
are foreigners, whose behaviour is summarised 
by export demand functions for Danish prod-
ucts, and by supply functions for imports to 
Denmark. 

The nature of markets and prices 
AAGE determines supplies and demands of 
commodities through the optimising behaviour 
of agents in competitive markets. Optimising 
behaviour also determines industries’ demands 
for labour and capital. 

The assumption of competitive markets implies 
equality between the producer price and the 
marginal cost in each industry. Demand is as-
sumed to equal supply in all markets other than 
the labour market (where excess supply condi-
tions can hold). The government intervenes in 
markets by imposing sales taxes on commodi-
ties. This places wedges between the prices paid 
by purchasers and prices received by the pro-
ducers. The model recognises margin commodi-
ties (e.g. retail trade and freight) that are re-
quired for each market transaction (the move-
ment of a commodity from the producer to the 
purchaser). The costs of the margins are in-
cluded in purchasers’ prices. 

Demand for inputs to be used in the production 
of commodities 
AAGE recognises two broad categories of in-
puts: intermediate inputs and primary factors. 
Firms in each industry are assumed to choose 
the mix of inputs, which minimises the costs of 
production for their level of output. They are 
constrained in their choice of inputs by nested

production technologies (see appendix B). For 
the land-using industries (see appendix A), 
AAGE specifies nested substitutions between: 

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

(b) land, fertiliser and insecticides (LFI); 
(c) CLEH and LFI (CLEHLFI); and 
(d) CLEHLFI and an aggregate of remaining 
 intermediate inputs 

For non-land using industries substitution is al-
lowed between capital, labour and energy (CLE) 
and between CLE and aggregate non-energy in-
termediate inputs. 

Household demand 
The representative household buys bundles of 
goods to maximise a utility function subject to a 
household expenditure constraint. Bundles are 
combinations of imported and domestic goods. 

Demand for inputs to capital creation and the 
determination of investment 
Capital creators for each industry combine in-
puts to form units of capital. In choosing these 
inputs they minimise costs, subject to technolo-
gies similar to that used for current production; 
the only difference being that they do not use 
primary factors. The use of primary factors in 
capital creation is recognised through inputs of 
the construction commodity. 

Government demand for commodities 
The government demands commodities. In 
AAGE, there are several ways of handling these 
demands, including: (i) endogenously, by a rule 
such as moving government expenditures with 
household consumption expenditure or with 
domestic absorption; (ii) endogenously, as an 
instrument which varies to accommodate an 
exogenously determined target such as a re-
quired level of government deficit; and (iii) 
exogenously. In this paper government demand 
changes follow household consumption expen-
ditures. 
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Foreign demand (international exports) 
Two categories of exports are defined: tradi-
tional, which are the main exported commodi-
ties; and non-traditional. Traditional export 
commodities face individual downward-sloping 
foreign demand curves. The commodity compo-
sition of aggregate non-traditional exports is 
treated  as a Leontief aggregate. Total demand is 
related to the average price via a single down-
ward-sloping foreign demand curve. Contrary to 
many conventional agricultural products, all or-
ganic products are assumed to be traditional ex-
port commodities. 

Demand for foreign imports 
For all industries, AAGE includes the standard 
Armington specification for imported and do-
mestically produced inputs. This assumes that 
users of a given commodity regard the domestic 
and the imported varieties of this commodity as 
imperfect substitutes. The Armington assump-
tion is also used in input demands for industry 
investment and in household demands for con-
sumption. 

Computing solutions for AAGE 
AAGE is a system of non-linear equations. It is 
solved using GEMPACK, a suite of programs 
for implementing and solving economic models. 
A linear, differential version of the AAGE equa-
tion system is specified in syntax similar to or-
dinary algebra. GEMPACK then solves the sys-
tem of non-linear equations as an Initial Value 
problem, using a standard method, such as Euler 
or midpoint. For details of the algorithms avail-
able in GEMPACK, see Harrison and Pearson 
(1996).

Scenarios and expected results 
A baseline is constructed to introduce all ongo-
ing policy developments and known shocks to 
the economy so as to ensure that the policy sce-
nario is undertaken in an economy where all 
known developments and shocks are accounted 
for, with the exception of removing AGP. The 
Baseline takes the economy from the model’s 
initial year (1995) to 2010, and the effects of 
removal of AGP are evaluated in the year 2010. 

We construct the AGP scenarios as a change in 
the total factor productivity (TFP). This is be-
cause the model has no explicit treatment of 
AGPs. We use the calculated percentage in-
creases in production costs (from Table 2) to re-
duce the TFP so that the unit cost of production 
increases by 1.05 % for pig production. Two 
sensitivity analyses are also undertaken where 
the cost per produced pig is increased/decreased 
by 25 % cf. table 2. 

Expected results from the analysis 
The removal of AGP increases the unit cost of 
pig production. A higher unit cost requires a 
higher product price if profits are to remain un-
changed. Yet a higher product price invites 
lower demand. A decline in demand/production 
releases resources from the pig sector, which 
can then be used in other sectors of the econ-
omy. The increased supply of resources to other 
sectors in the economy lowers the price and re-
quired rent of these resources. A reduction in 
the required rental rates tends to favour those 
industries that are not affected by the removal of 
AGPs. As the production of pigs only accounts 
for a minor fraction of total national production, 
the effects on the rest of the economy are ex-
pected to be moderate. The expected negative 
impact on pig production is expected to lower 
the demand for cereal for feed purposes, exert-
ing downward pressure on cereal prices. In turn, 
this is expected to benefit the cattle and poultry 
sectors that use cereals in this way. This should 
result in increased poultry production and a 
higher value of dairy quota (as the cattle sector 
is effectively constrained by the quota). 

Results
This section presents results for production, ex-
ports and the macroeconomic performance of 
the calculated AGP scenario. The presentation 
focuses on the results for the primary agricul-
tural and associated processing sectors2.

Production and exports 
The production of live and processed pigs falls 
by 1.4 %, cf. Table 3. This effect is due to the 

2 A more thorough presentation of the Baseline scenario 
can be found in Jacobsen (2001). 
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AGP removal working as an increase in unit 
cost, which in the longer run requires higher 
product prices, lowering demand for the prod-
uct. The increase in unit cost also affects the ex-
port possibilities for processed pig meat, which 
declines by 1.7 %. A large part of cereal produc-
tion is used for feed purposes, and the reduced 
production of pigs also causes cereal production 
to decline by -0.1 %. 

Table 3. Consequences of an AGP removal, 
percentage changes 

Production Export
Agriculture:
Cereal -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 -1.4 -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
Agricultural 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

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

The reduction in the production and processing 
of pigs leads to a lower demand for labour and 
new capital goods in these industries, resulting 
in a minor reduction In the wage rate and the 
price of new capital goods, cf. Table 4. This ef-
fect favours other industries not affected by the 
removal of the AGP´s since lower factor prices 
reduce unit costs causing production and ex-
ports to increase for these industries. Lower fac-
tor prices and lower price of cereals benefits 
poultry production, which is seen to increase by 
0.4 % while the processing of poultry meats in-
creases by 0.4 % and export volume increases 
by 0.5 %. 

Macroeconomic results 
The macroeconomic consequences of AGP re-
moval are moderate. Real GDP falls by 0.03 % 
or 363 mill DKK at 1995 prices. This is the net 
result of the reduced production of pigs and ce-
reals on the one hand, and the increased produc-
tion in most other industries due to lower rental 
rates for primary factor inputs on the other hand. 

Lower rental rates also affect real private and 
public consumption3 falling by -0.03 %. This 
corresponds to a lower real value of private con-
sumption of 45 DKK per capita per year. 

The resulting reallocation of primary factor in-
puts results in an economic state where all fac-
tor input are a little less productive in the aggre-
gate. All factors of production receive lower 
rental rates and the aggregate capital stock has 
somewhat declined, reflecting an economic state 
where production potential has decreased 
slightly.

Abolishing the use of AGP’s also leads to a 
slightly lower (-1.37 %) price of agricultural 
land. The mechanism for this is the reduced de-
mand for fodder reducing profitability in the ce-
reals sector. 

3 The two consumption categories are equalised in the so-
called mode closure. 
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Table 4. Macroeconomic consequences of the AGP removal 

2010-Level1 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  253.1 -35 -0.01 
Real stocks  39.3 0 0.00 
Real exports  412.6 17 0.00 
Real imports  319.0 -38 -0.01
Real 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 

Sensitivity analysis 
The results of the sensitivity analysis show that 
changes to pig production, real GDP and land 
prices vary with plus minus 25 % in accordance 
with the higher/lower estimated cost of remov-
ing AGP.4 Therefore the results presented in this 
paper are sensitive to the initial estimation of 
increased cost due to the abolishment of AGP. 
The results of the sensitivity analysis are shown 
in appendix C. 

Conclusion
This paper has analysed the economy wide im-
plication of the unilateral Danish removal of 
Antimicrobial Growth Promoters in the produc-
tion of pigs and poultry. The analysis shows that 
the long-term effects are a moderate decline in 
the production and export of pig meat, and posi-
tive indirect effects on other industries due to 
lower rental rates. Interestingly, positive indirect 
effects mostly impact the poultry sector, which 
also removed the AGPs from production. The 
overall implication is a small decrease in real 
GDP and consumption. 

4 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. 

The decrease in the production of pig meat 
should be seen in the light of the baseline where 
pig production is expected to increase by 30.5 % 
over the 15 year period or 1.8 % per year on av-
erage. Removing AGPs from pig production re-
duces this growth in production to 28.7 % off-
setting the ongoing expansion of the pig sector 
by approximately one year. 

The sensitivity analysis undertaken in this paper 
show, that the results are sensitive to the initial 
estimation of the increased costs of abolishing 
AGP. Even though the cost in terms of real 
GDP and consumption are small, cost analysis 
such as the one presented could be compared 
with expected benefit of the removal of AGP. 
These benefits have not been a part of this 
analysis and only if the benefits are calculated 
or assumed to exceed the cost could such a re-
moval be said to be beneficial to society as a 
whole.

Naturally, the results found should be evaluated 
in light of the assumptions employed. Compared 
with other, partial equilibrium, economic analy-
sis the present analysis takes into account the 
economic linkages between the individual agri-
cultural sectors and between the agricultural 
sectors and the industrial sectors, and consumer 
preference or willingness to pay. Furthermore, 
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the analysis has taken into account the derived 
cost and price effects and the implications of 
explicitly representing the overall macroeco-
nomic budgetary restrictions. The simulations 
have also been undertaken with a national AGE 
model assuming unilateral Danish policy initia-
tives, and it is assumed that the removal of the 
AGPs does not affect consumer preferences 
domestically or on the export markets for Dan-
ish pig and poultry meat. 
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Appendix A
Table A.1 Industries and commodities in Organic-AAGE 
  Industries   Commodities 
*# 1-2 Cereal * 1-2 Cereal 
*# 3-4 Oil seeds * 3-4 Oil seeds 
*# 5-6 Potatoes * 5-6 Potatoes 
*# 7-8 Sugerbeets * 7-8 Sugerbeets 
*# 9-10 Roughage * 9-10 Roughage 
* 11-12 Meat cattle and milk producers * 11-12 Meat cattle 
* 13-14 Pigs * 13-14 Milk 
* 15-16 Poultry * 15-16 Pigs 
 17 Hunting and fur farming, etc. * 17-18 Poultry 
*# 18-19 Horticulture  19 Hunting and fur farming, etc. 
 20 Agricultural services, etc. * 20-21 Horticulture 
 21 Forestry  22 Agricultural services, etc. 
 22 Fishing  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 
 30 Fish products * 30-31 Poultry-meat products 
* 31-32 Processed fruit and vegetables  32 Fish products 
 33 Processed oils and fats * 23-34 Processed fruit and vegetables 
* 34-35 Dairy products  35 Processed oils and fats 
* 36-37 Starch, chocolate products, etc. * 36-37 Dairy products 
* 38-39 Bread, grain mill and cakes * 38-39 Starch, chocolate products, etc. 
* 40-41 Bakery shops * 40-41 Bread, grain mill and cakes 
* 42-43 Sugar factories and refineries * 42-43 Bakery shops 
 44 Beverage production * 44-45 Sugar factories and refineries 
 45 Tobacco manufacture * 46-47 Beverage production 
 46 Textile, wearing apparel and leather  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 Oil refinery products  51 Paper products and publishing 
 50 Basic chemicals  52 Oil refinery products 
 51 Fertiliser  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  57 Metal products 
 56 Transport equipment  58 Machinery and non-transport equipment 
 57 Electricity  59 Transport equipment 
 58 Gas  60 Electricity 
 59 Steam and hot water  61 Gas 
 60 Construction  62 Steam and hot water 
 61 Motor vehicles service  63 Construction 
 62 Wholesale trade  64 Motor vehicles service 
 63 Retail trade  65 Wholesale trade 
 64 Freight transport  66 Retail trade 
 65 Financial and property services  67 Freight transport 
 66 Transport and communication services  68 Financial and property services 
 67 Public services  69 Transport and communication services 
 68 Dwelling ownership  70 Public services 
    71 Dwelling ownership 
    72 Coal imports 
    73 Manure 
    74 Fungicide 
    75 Insecticides 
    76 Herbicide 
* Both conventional and organic product/production.    # Land using industries 



85

Appendix B Nesting structure
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Appendix C, Result of sensitivity analysis.
Table C.1 Consequences of an AGP removal, percentage 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 0.115 0.155 0.193 0.081 0.109 0.135
Potatoes 0.077 0.104 0.129 0.081 0.109 0.135
Sugar beet 0.000 0.000 0.000
Roughage 0.015 0.020 0.025
Cattle, live animals 0.006 0.008 0.010
Milk 0.006 0.008 0.009
Pig, live animals -1.038 -1.394 -1.734
Poultry and eggs 0.269 0.362 0.451
Fur farming 0.064 0.086 0.107
Horticulture 0.064 0.086 0.107 0.081 0.109 0.135
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 -2.169
Poultry meat 0.273 0.367 0.457 0.338 0.454 0.566
Dairy 0.009 0.013 0.016 0.081 0.109 0.135
Sugar refineries 0.010 0.014 0.017 0.081 0.109 0.135
Other (selected): 
Processed fruit and vegetables 0.019 0.026 0.032 0.081 0.109 0.135
Bread, grain mill and cakes 0.028 0.038 0.047 0.081 0.109 0.135
Bakery shops -0.011 -0.015 -0.019 0.000 0.000 0.000
Beverage and Tobacco 0.036 0.049 0.061 0.081 0.109 0.135
Agricultural services, forestry and fisheries 0.019 -0.025 -0.031 0.081 0.109 0.135
Textile, wood, paper and publishing 0.034 0.045 0.056 0.081 0.109 0.135
Basic chemicals 0.056 0.075 0.094 0.081 0.109 0.135
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 0.135
Public services and utilities -0.022 -0.029 -0.037 0.081 0.109 0.135
Retail and wholesale margins 0.004 0.006 0.007 0.081 0.109 0.135
Private services 0.000 0.000 0.000 0.081 0.109 0.135

Table C.2. Macroeconomic consequences 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 -0.019 -363 -0.025 -452 -0.032
Real private consumption 694.7 -174 -0.025 -234 -0.034 -291 -0.042
Real public consumption 353.8 -89 -0.025 -119 -0.034 -148 -0.042
Real investments 253.1 -26 -0.010 -35 -0.014 -44 -0.017
Real stocks 39.3 0 0.000 0 0.000 0 0.000
Real exports 412.6 13 0.003 17 0.004 21 0.005
Real imports 319.0 -29 -0.009 -38 -0.012 -48 -0.015
Real capital stock -0.013 -0.017 -0.021
GDP deflator -0.022 -0.029 -0.036
Consumer price index -0.017 -0.023 -0.028
Price of investment goods -0.022 -0.029 -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 competitive-
ness in the international market place 

Quality Assurance Manager Henrik Bækstrøm Lauritsen 
Danske Slagterier 
Axelborg, Axeltorv 3, DK-1609 Copenhagen V 

Summary
Denmark is the world largest exporter of pig 
meat. Followed by Canada and USA Denmark 
has an export of more than 1,5 mill tonnes of 
pig meat to more the 130 different countries. As 
a result of consumer concern Denmark did ter-
minate the use of antibiotic growth promoters 
for finishers in March 1998 and for weaners in 
January 2000. This voluntary ban has not shown 
a direct effect on sales volume, but it has given 
Denmark some competitive advantages with re-
gard to meeting consumers concerns on human 
health. The ban may also have kept the market 
access to some valuable markets or product 
segments, even though antibiotic growth pro-
moters only rank as number 3 or 4 on the list of 
sales parameters. 

Background
Agriculture is a vitally important part of the 
Danish national economy. The industry employs 
a total of around 240,000 people in all sectors 
(app. 8,5% of the labour force). Sixty per cent 
of total agricultural production is exported, rep-
resenting almost 20 % of the total Danish ex-
ports. Pig meat exports represent almost half of 
the agricultural exports with a value of more 
than 3 billion US$. 

The cooperative system plays a significant role 
in Danish agriculture and especially in the Dan-
ish pig meat sector. The cooperative system was 
introduced in Denmark more than hundred years 
ago, and is the main reason for the current 
strength of the Danish Agricultural sector, and it 
is securing the influence of each individual 
farmer. 

More than 95 % of Danish pigs are slaughtered, 
processed and marketed by the cooperative 
companies, owned and managed by the pig pro-
ducers.

The number of pig producers in Denmark has 
fallen drastically over the last 20 years. While 
the total number of producers was 69.000 in 
1980 and 33.000 in 1990, it has now dropped to 
about 13.000 pig producers in the country. The 
number of slaughter pigs produced, on the other 
hand, has increased considerably over the years. 
From a production of 13 million pigs in 1980, 
the production has increased to the present level 
of more than 23 million pigs. 

A further reduction in the number of pig pro-
ducers and an increase in production are to be 
expected.

Many important elements associated with pig 
meat production in Denmark are controlled and 
managed by the cooperative companies. A cen-
tral organization -DANSKE SLAGTERIER - 
the Danish Bacon & Meat Council - links to-
gether the cooperative companies. This ensures 
that joint strategies and actions can be followed 
in important aspects such as breeding, research 
and development, marketing and improved pro-
ductivity in primary production. 

The unique Danish cooperative system results in 
a fully integrated production that gives the Dan-
ish exporters stable supplies of raw material of a 
very uniform and consistent quality to the bene-
fit of our customers in different markets world-
wide.

Danish farmers produce 23 million pigs per 
year. 85 % of the production is exported, and 
this makes Denmark the largest exporter of pig 
meat in the world. Being an exporter it is very 
important to be competitive on both price and 
quality. The Danish pig meat sector has there-
fore always put an effort into reducing cost and 
improving quality at the same time. 
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Figure 1. The 3 largest exporters of pig meat 
in the world (Danish Statistics, 2001) 

The most important markets for Danish exports 
of pig meat 
Pig meat from Denmark are exported to more 
than 130 countries around the world, and the 
most important markets are shown in figure 2. 

As the figure shows Germany, UK and Japan 
are the most important markets for the export of 
Danish pig meat. 
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Figure 2. The most important markets for 
export of Danish pig meat (Danish Statistics, 
2001)

Quality parameters 
Pig meat is today sold on a lot of different qual-
ity parameters. These parameters do tend to dif-
fer in priority from market to market, but in 
general the list of priority has these parameters: 

1. Price 
2. Quality (Lean, pH, PSE, Size) 
3. Food safety (Residues, Salmonella, Veteri-

narian medicine) 
4. Food safety II (GMO, Animal feed, diseases, 
 Antibiotic Growth Promoters) 
5. Traceability 
6. ”Soft” parameters (Animal welfare, environ-

ment) 
7. Independent audit – Certification 

As shown in the list price and quality are still 
the most important sales parameters, where as 
the antibiotic growth promoters are found below 
residues, salmonella and veterinary medicine. 
This list of priority changes from market to 
market, and in some markets, for example the 
Danish home market, antibiotic growth promot-
ers would be found together with residues, Sal-
monella and veterinary medicine.  

Market consequence of terminating the use of 
AGP in Denmark 
As a case we have been looking at 3 of the mar-
kets where the terminating of the use of AGP’s 
where expected to have a positive effect on 
sales. Figure 3 shows the sales volume on the 
Swedish, Japanese, and the British markets from 
the first quarter of 1995 to the second quarter of 
2002. The voluntary ban on the use of antibiotic 
growth promoters in Denmark was carried out 
in to steps. The fist step was the voluntary ban 
regarding finishers by March 1998 followed by 
the voluntary ban regarding weaners by January 
2000.

As shown in figure 3, the termination of the use 
of antibiotic growth promoters has not given 
any direct effect on sales volumes to 3 of the 
markets where we would have expected an ef-
fect.
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Figure 3. Sales of bacon to UK and cuts to Sweden and Japan from 1995 to 2002 

The variations could be explained by import 
regulations in Japan (safe guard) and by swine 
fever in 1999 in UK and Foot and mouth disease 
in UK in 2001 and by the BSE foot scare in both 
Europe and Japan. What is not shown in the fig-
ure is of course the risk of loosing market shares 
or the risk of the products changing to low price 
segments, if Denmark had not terminated the 
use of antibiotic growth promoters. 

Consumer trends 
Looking at consumer trends Meiselman (2001) 
describes the human health as being the most 
important within the next 10 years in relation to 
the buying of foods. By terminating the use of 
antibiotic growth promoters we do meet the 
consumers concerns and we are able to build in 
a higher trust in the product. 

Conclusion
By terminating the use of antibiotic growth 
promoters Denmark has some competitive ad-
vantages in comparison with our competitors. 
We have not been able to demonstrate higher 
market shares after 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 rela-
tion to zinc and copper

Hanne Damgaard Poulsen and Dorthe Carlson 
Danish Institute of Agricultural Sciences 
Research Centre Foulum 
P.O.Box 50, DK-8830 Tjele 

Abstract
The termination of AGP use in Denmark in-
creased the need for other feed additives to con-
trol the outbreak of diarrhoea particularly in pig-
lets during the first days after weaning. Dietary 
inclusions of high levels of copper up to 175 
ppm have for many decades been known to re-
duce scouring and increase the performance of 
pigs. Although this growth stimulating effect 
has mainly been manifested in young pigs, it is 
allowed to add up to 175 ppm copper for young 
pigs (up to 16 weeks of age)1. Since the very 
late 1980es, many experiments conducted with 
young weaned piglets have shown that a dietary 
content of 2000 to 3000 ppm zinc fed as zinc 
oxide significantly improves growth and re-
duces the incidence and severity of diarrhoea. 
The exact mechanism behind the effects of zinc 
and copper is still not clear, although the overall 
physiology of the piglets is affected indicating a 
greater demand in newly weaned piglets. New 
results indicate that weaned piglets may develop 
transient zinc deficiency. Furthermore, zinc and 
copper can stabilise the intestinal microflora. 
However, the current legislation dictates that 
dietary levels above 250 ppm zinc are not al-
lowed in pig diets1. This means that it is not ac-
cepted to use the addition of extraordinary high 
levels of zinc as a simple feed additive for 
young newly weaned piglets in order to control 
diarrhoea. The reason for this is mainly due to 
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 is supplied with 
manure containing too much heavy metals. 

1 From January 26, 2004 the maximum allowed amount 
will be 170 ppm copper and 150 ppm zinc for piglets. 

With reference to the Danish soil quality crite-
ria, it can be calculated how many years it will 
take to reach a critical zinc or copper level in 
soil when supplied with manure from pigs fed 
different dietary levels of zinc or copper. The 
usage of 2500 ppm zinc for two weeks after 
weaning results in a zinc concentration in ma-
nure that are 3 to 4 times bigger compared with 
manure from pigs (7.2 to 30 kg) fed officially 
permitted levels. When copper is fed at the le-
gally accepted 175 ppm for piglets (from wean-
ing to 30 kg), the copper concentration in ma-
nure is increased almost 20 times compared 
with piglets fed 10 ppm. In worst case, the 
above mentioned critical levels of zinc and cop-
per may be reached within 50 years when zinc 
or copper are added in high amounts. This situa-
tion can occur when soil is supplied with ma-
nure solely produced by piglets, where this ma-
nure is not mixed with manure from sows or fin-
ishing pigs. 

In conclusion, the nutrients zinc and copper can 
to some extend succeed AGP in young pigs. 
However, there may be contradictions between 
the responsibility paid to the health and growth 
of the animal and to the environment. 

Introduction 
Zinc and copper are essential trace elements and 
they are important nutrients that affect the 
health and productivity of animals. Furthermore, 
zinc and copper may have particular importance 
for the young pig in a short period after wean-
ing. Young piglets have to adapt to many 
changes at weaning, and one of these is caused 
by dietary changes that impose an urgent need 
for quick intestinal adaptations to differences in 
composition of the substrates. This may call for
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special attention to the need for zinc and copper 
and a better understanding of how we can fulfil 
their need. 

However, zinc and copper are also classified as 
heavy metals and the use of large doses of zinc 
and copper may impose an accelerated accumu-
lation of zinc and copper in soil applied with pig 
manure (Poulsen, 1998). This may in the future 
affect soil fertility and crop yield. As such, both 
zinc and copper may be candidates to become 
pollutants. This seems to impose a dilemma be-
tween livestock production and environmental 
interests. Nevertheless, this will request a bal-
anced approach that on the one hand does not 
compromise the physiologic need to ensure 
health of the pigs and on the other hand do not 
create an environmental problem. 

Zinc 
Zinc is an abundant trace element and is present 
to a lesser or greater extent in all tissues of the 
body. It is known to be a component of more 
than 200 enzyme systems modulating carbohy-
drate, lipid, protein, and nucleic acid metabo-
lism. Consequently, zinc is particularly impor-
tant to active growth and metabolism, immune 
and inflammatory responses and repair follow-
ing injury. Zinc also helps to maintain the integ-
rity of cellular and organelle membranes, 
growth and carbohydrate tolerance. Recent stud-
ies have shown that zinc also plays an important 
role in gene expression. 

Zinc deficiency results in e.g. growth retarda-
tion, anemia, skin disease and impaired wound 
healing (Lansdown, 1995). Hypozincemia with 
pathophysiological consequences has also been 
reported in a variety of diseases including diar-
rhoea, anorexia, bacterial and parasitic infec-
tions, endocrine disorders etc. Acquired zinc de-
ficiency in humans is well documented and it 
has been clearly recognized that foodstuffs con-
taining e.g. phytate bind zinc and greatly impair 
its absorption inducing severe growth retarda-
tion, skin diseases, impaired wound healing etc. 
(Prasad, 1995). However, zinc supplementation 
can eliminate these symptoms. Oral zinc therapy 
has also been shown to be beneficial in the 
treatment of wounds in otherwise healthy hu-
mans, resulting in a much quicker healing up of 

wounds (Lansdown, 1995). The effect was 
greatest during the epithelialization phase indi-
cating that in the early post-wound phase there 
is a local depletion of zinc through losses from 
the damaged tissue. In contrast, there is at the 
same time an increased local need for zinc in 
RNA and DNA polymerases and other zinc-
dependent enzymes in the regenerating tissue. 
As such, there is a demand for either increased 
intestinal absorption (dietary oral supplementa-
tion) or mobilisation of body reserves (Lans-
down, 1995). 

As mentioned, zinc stimulates growth, and 
growth retardation is typically seen in relation to 
zinc deficiency in young animals of all species. 
Furthermore, cyclic changes in feed intake are 
often seen, especially in severe zinc deficiency. 
This means that the growth stimulating effect of 
zinc results partly from increased feed intake 
(appetite) but also from improved feed utilisa-
tion (Hambidge et al., 1986). Loss of appetite 
(voluntary feed intake) and poor growth may be 
the only overt sign of mild zinc deficiency, but 
they can be overcome by supplementing dietary 
zinc. In particular, young animals are suscepti-
ble to zinc deficiency because of dietary insuffi-
ciency, disturbances in the gastrointestinal tract 
(diarrhoea), excessive dietary levels of phytate, 
plant fibre, etc. and excessive dietary calcium. 

Zinc and young weaned piglets 
Since the very late 1980es several studies have 
shown that zinc fed as zinc oxide at dosages of 
2,000 to 3,000 ppm fed for two weeks after 
weaning reduces the 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 piglets 
whether they were suffering from diarrhoea or 
not. Some studies have revealed no or small ef-
fects but the overall picture is that high dietary 
levels of zinc fed as zinc oxide may reduce the 
problems associated with weaning of young pig-
lets. However, the exact mechanisms behind 
this beneficial effect have so far not been fully 
established but there might be several contribut-
ing factors. 
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For instance, piglets are subjected to many 
changes at weaning. The dietary change is asso-
ciated with the shift from sow milk to a diet 
mainly composed of cereals supplemented with 
protein sources as soybean meal, skim-milk 
powder and/or fish meal. These diets are nor-
mally supplemented with minerals and vitamins 
according to the current recommendations. 

Weaning is commonly accompanied by changes 
in the intestinal morphology reducing the ab-
sorptive capacity (e.g. Hampson, 1986). Many 
studies have shown a lower feed intake after 
weaning and recently, McCracken et al., 1999 
have shown that inadequate feed intake during 
the immediate postweaning period may contrib-
ute to intestinal inflammation and thus com-
promise villus-crypt structure and function. A 
direct consequence of the very low feed intake 
after weaning is that the general nutrient need is 
not met. As such, piglets after weaning may 
transiently suffer from malnutrition. This may 
have serious effects on the health and function-
ing of the newly weaned pig. Addressing zinc, it 
is known that the labile pool is very small and 
that the need is big in the young animal. As 
such, it may be hypothesised that piglets may 
develop marginal transient zinc deficiency dur-
ing the first days after weaning because of the 
very limited feed intake, and that extra zinc 
supplementation as zinc oxide may alleviate 
this. The question is whether this can explain 
the beneficial effect of high levels of zinc oxide 
after weaning. 

For many years it has been recognized that diar-
rhoea is one of the gastrointestinal symptoms of 
zinc deficiency in humans (Okada et al., 1976), 
especially in malnourished children in the de-
veloping countries (Golden & Golden, 1985). 
Furthermore, in zinc deficiency the organism is 
more susceptible to toxin producing bacteria or 
enteroviral pathogens that stimulates chloride 
secretion. This may result in diarrhoea and im-
paired absorptive capacity, thus exacerbating an 
already compromised zinc status (Wapnir, 
2000). Accordingly, it has become more and 
more apparent that zinc deficiency, malnutrition 
and diarrhoea are closely linked in humans, es-
pecially in children (Wapnir, 2000). Several re-
ports have shown that bacterically induced en-
dotoxins may result in damage of the intestinal 

tissue which may be mediated through the ac-
tions of nitric oxide (Hansen & Skadhauge, 
1997). Administration of interleukin-1a (a cyto-
kine that can induce (like the endotoxins) the 
enzyme inducible nitric oxide synthase whereby 
nitric oxide is produced) showed that zinc defi-
cient rats responded more severely than zinc 
sufficient rats, resulting in a greater incidence of 
diarrhoea in zinc deficient rats (Cui et al., 1997). 
This may explain the anti-inflammatory effect 
of zinc (Abou-Mohamed et al., 1997). In a study 
with guinea pigs, Rodriguez et al. (1996) 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) con-
firmed these results and in addition they found 
that the intestinal secretory response to sero-
tonin 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 sug-
gested the protective effect to be antianaphylac-
tic 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 al., 2004). It is now be-
lieved that the gastrointestinal tract may be one 
of the first target areas where zinc insufficiency 
may be manifested (Wapnir, 2000). Interest-
ingly, the beneficial effect of high dietary zinc 
levels on the incidence and severity of diarrhoea 
in weaned piglets is associated with an increase 
in plasma zinc concentration (e.g. Poulsen, 
1989, 1995; Baker and Hahn, 1993). This may 
indicate that the effect is a systemic effect. 
However, studies on the effect of zinc applied to 
incisional wounds showed that zinc oxide ad-
vanced 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 mechanism 
is not known but it is assumed that zinc oxide 
becomes hydrolyzed and absorbed by the epi-
thelial cells at the wound margin, becoming 
available for uptake and ultimately incorpora-
tion in enzyme systems (Lansdown, 1995). It 
can be speculated if this may be the actual situa-
tion in newly weaned piglets where the absorp-
tive area of the intestinal tract is injured by rup-
ture of the villi. Maybe zinc ions that are slowly 
released from zinc oxide can stimulate the re-
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pairing 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 resti-
tution which is the initial step of epithelial 
wound healing (Cario et. al. 2000). The same 
study showed that excessive amounts of zinc 
might cause tissue injury and impair epithelial 
wound healing. This is in 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 Danielsen, in prepara-
tion). However, 11,000 ppm fed for 4 weeks af-
ter weaning did not result in the death of any 
piglets but did affect the overall physiology of 
the piglets (Poulsen and Danielsen, in prepara-
tion).

Salts of zinc have mild antiseptic properties and 
have been used to a limited extent for this pur-
pose. In general, they have been used more for 
their actions against fungi than against bacteria. 
It has been suggested that the successful effects 
of zinc (as zinc oxide) might be due to a bacte-
ricidal 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. 
This is in agreement with findings of Li et al., 
2001 reporting no major effect of zinc (as zinc 
oxide) on the bacterial populations in ileal di-
gesta and faeces. This is also in agreement with 
the findings in a recent experiment showing no 
major effects but a stabilising effect of zinc on 
the changing gastrointestinal microbial ecosys-
tem adapting to the differences in the composi-
tion of the substrates (Højberg et al., submitted). 

The bioavailability of zinc in phytate rich diets 
is rather low. The bioavailbility of zinc in zinc 
oxide has been determined to be about 20% 
(Poulsen & Larsen, 1995) and a recent study re-
vealed that the zinc bioavailability was almost 
the same for zinc sulphate and zinc acetate 
(Poulsen & Carlson, 2001). In humans, the 
bioavailability was about 50% in breast milk 
(Abrams et al., 1997). This means that corrected 
to total amounts, the daily need will increase 
quite dramatically after weaning. 

Concluding remarks about zinc 
There is developing evidence that young 
weaned piglets may have a higher need for zinc 
for some few days after weaning. The situation 
may be parallel to the recognition that children 
having diarrhoea frequently suffer from zinc de-
ficiency (especially in the developing countries) 
and that this may be caused by dietary modifica-
tions including the intake of cereals and fre-
quent use of soy milk in stead of breast milk 
(Folwaczny, 1997). In addition, diarrhoea leads 
to excess zinc losses. Zinc supplementation re-
sults in accelerated regeneration of the mucosa, 
increased brush-border enzymes and enhanced 
immune capacity etc. (Folwaczny, 1997). These 
conclusions are supported by several controlled 
clinical trials providing evidence that zinc sup-
plementation results in significant reductions in 
the risk of continued diarrhoea in children. 
There seems to be a comparable physiological 
cascade of reactions in the newly weaned piglet 
adapting to the new feeding conditions and sub-
strates. Feeding situation is the same with an 
abrupt shift from milk to a diet mainly based on 
cereals and soybean meal with a high content of 
phytate rendering zinc less bioavailable. In addi-
tion, feed intake is very limited rendering the in-
testinal tissue more susceptible to bacterial en-
doxins. All these factors may contribute to the 
disrupture of the pre-weaning gastrointestinal 
function of the piglet after weaning. 

In conclusion, the above mentioned statements 
and evidence from recent studies call for a revi-
sion of the way we are feeding zinc to newly 
weaned piglets. There seems to be a growing 
understanding that piglets have a higher need 
than the current recommendations say. We be-
lieve that we should keep in mind that the daily 
feed intake is very low (< 100 g) just after 
weaning. As the daily zinc requirement is rather 
big in young individuals, we have to think in 
daily amounts. Furthermore, we should keep in 
mind that generally the bioavailability of zinc is 
very low (< 20%). To compensate for this, a 
high dietary concentration is needed, but fortu-
nately this high concentration is necessary for 
not more than two weeks. 
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Copper
Copper is associated with the function of a 
number of enzymes especially oxygenases in-
cluding cytochrome c oxidase, the terminal 
component of the electron transport chain (Keen 
& Graham, 1989). A major copper enzyme is 
copper-zinc superoxide dismutase (CuZnSOD), 
which catalyses the dismutation of the superox-
ide anion to hydrogen peroxide. Another major 
function of copper is ceruloplasmin (ferroxidase 
I), a putative copper transport protein that has 
weak oxidizing properties and may be required 
for the incorporation of iron from the liver into 
transferrin for its transport to extrahepatic tissue 
(Keen and Graham, 1989). Furthermore, ceru-
loplasmin can serve as a scavenger of superox-
ide radicals (Cousins, 1985). An additional key 
copper enzyme is lysyl oxidase catalysing the 
biosynthesis of elastin and collagen, a step that 
is critical in the cross-linking of connective tis-
sue needed for the build-up, maintenance and 
repair of connective tissue. High dietary levels 
of copper have also been shown to stimulate in-
testinal lipase and phospholipase A2 activities, 
leading to an improvement of dietary fat di-
gestibility in weaning pigs (Luo et al., 1996) 
and to increased protein utilisation, probably 
through activation of pepsin (Kirchgessner et 
al., 1976). 

Many details in the overall metabolism of cop-
per are still poorly understood. In general, in-
formation on copper requirements of animals is 
scarce and poor. However, it is common to add 
copper sources to diets for pigs. Copper absorp-
tion is affected by dosage and chemical appear-
ance in the diet. Additionally, the absorption of 
copper is regulated and affected by the physio-
logical state of the animal. Lönnerdal et al., 
1985 report that copper absorption is higher in 
neonates than in adults indicating a higher 
physiological copper need in young individuals 
compared with adults. Phytate, ascorbic acid, fi-
bre etc. appear to complex with copper and limit 
its absorption (Cousins, 1985). As such, the re-
lease of copper for absorption is affected by the 
enzyme phytase that increases the apparent 
bioavailability of copper (Pallauf et al., 1992; 
Adeola et al., 1995). 

Copper and young pigs 
For many decades, lots of investigations have 
shown that the addition of copper to the diets 
increases the growth of the pigs, but the mode 
of actions behind this growth promoting effect 
remain not well understood. The copper effect 
has been attributed to either a growth promoting 
effect through improved feed intake and/or feed 
conversion ratio or as a prophylactic barrier 
against gastrointestinal disorders e.g. acute diar-
rhoea in neonatal pigs. However, the pathogene-
sis of neonatal enteric infections is complex, of-
ten involving nutritional and environmental fac-
tors as well as infectious agents, such as en-
teropathogenic strains of E. coli and other viral 
or bacterial pathogens. Although its action has 
been attributed to its antimicrobial activity, only 
a few studies have focused on the effect of cop-
per in the gastrointestinal tract of pigs (Jensen, 
1998; Poulsen, 1998). Salts of copper have mild 
antiseptic properties and it has for a long time 
been the general saying that the effect of copper 
might be caused through its antimicrobial qual-
ity.

Fuller et al. (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 Streptococcus spp. was markedly lower. The 
changes in the microflora of the pigs did not 
correlate with the growth stimulating effect of 
copper because the same modifications of the 
microflora were seen in pigs showing a growth 
response or no growth response. Hawbaker et al. 
(1961) found in young pigs (between 42 and 
107 days) that copper sulphate added to the diet 
significantly decreased the populations of Lac-
tobacillus spp., Streptococcus spp., total aerobes 
and total anaerobes in the faeces. Complemen-
tary, Bunch et al. (1961) found that Lactobacil-
lus spp., total aerobic and total anaerobic micro 
organisms in piglets were significantly lowered 
by addition of copper sulphate for 6 weeks. In 
pigs receiving copper oxide, only the coliforms 
were significantly lowered. 

On the contrary, Smith and Jones (1963) found 
no obvious differences between the numbers of
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Lactobacillus spp., Streptococcus spp., E. coli,
Clostridium perfringens, Bacteroides spp. and 
yeasts in different parts of the gut of 5 month 
old pigs fed a diet containing 250 ppm copper 
sulphate. Observations that copper sulphate re-
duces the number of Streptococcus spp. and 
ureolytic micro-organisms in the gut of pigs was 
also confirmed by Varel et al. (1987). The re-
sults concerning the reduction of the Strepto-
coccus spp. populations in the gut are in agree-
ment with the observations of Dunning et al. 
(1998) that streptococci are susceptible to cop-
per under anaerobic conditions while most lac-
tobacilli and E. coli are insensitive. However, 
Jensen (1998) reports that copper sulphate af-
fects the microbial populations of Lactobacillus
spp. and E. coli in the gut of pigs. Evidence that 
copper may have a growth promoting effect 
through the actions on the microbial flora is 
supported by the results of Shurson et al.
(1990), who observed a positive effect of high 
dietary copper on daily growth rate and feed 
conversion rate in conventional pigs and a nega-
tive effect in germ-free pigs. It should be no-
ticed that a recent study has indicated that high 
dietary copper may result in microbial resis-
tance (Hasman & Aarestrup, 2002). 

Though it has been expected that the prophylac-
tic effects of copper are exerted on the microbial 
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 effect in the intestinal tract (Shur-
son et al., 1990; Radecki et al., 1992). 

In addition, elevation of blood copper is associ-
ated with various diseases, e.g. inflammation 
and infection (Sorensen, 1987). A central ques-
tion is whether this elevation is a cause of the 
disease or a response to the disease. Generally, 
it is interpreted as a cause of the disease, but it 
may also be plausible that the elevation is a re-
sponse to the disease and thus a normal pharma-
cological reaction and activity in individuals 
suffering from these diseases (Sorensen, 1987). 
In chickens, Salmonella infection increased 

plasma ceruloplasmin synthesis. Furthermore, 
E. coli toxin administration to hamsters also in-
creased plasma ceruloplasmin (Cousins, 1985). 
After endotoxin injection, an initial and imme-
diate release of hepatic ceruloplasmin was fol-
lowed by de novo synthesis (Cousins, 1985). 
Maybe these findings could be extended to the 
prophylactic effect of copper on diarrhoea in 
young pigs but it has not been investigated so 
far.

If it can be established that elevation of plasma 
copper is a general physiologic response to dis-
ease states, this will facilitate a physiologic nu-
tritional approach to disease prevention and 
treatment according to Sorensen, 1987. This 
statement or hypothesis may also be relevant to 
young pigs and may then draw attention to the 
suggestion that young piglets might have a 
higher physiologically based copper need than 
generally assumed for many decades. In that 
context, one should also bear in mind that pigs 
are generally weaned much earlier and more 
abruptly and therefore less physiologically ma-
ture than decades ago. Furthermore, the feed in-
take is very limited during the first postweaning 
period.

Concluding remarks about copper 
Copper is a very important nutrient for the very 
young piglet in controlling outbreak of diar-
rhoea and stimulating growth, especially during 
the first period after weaning. High dietary lev-
els of copper sulphate can quantitatively modify 
some gram positive bacterial populations of the 
gut as demonstrated for Streptococcus spp. and 
Lactobacillus spp. Favourable consequences for 
the pig through these gut modifications are pos-
sible but not yet clearly demonstrated. Recently, 
it has furthermore been emphasised that the 
growth promoting effect of copper in piglets 
might be a systemic effect rather than an antimi-
crobial effect in the intestinal tract. As such, 
young piglets might have a higher physiologi-
cally based copper need than generally assumed 
for many decades. 

Interactions between zinc and copper 
Classically there is an antagonistic interaction 
between copper and zinc and between copper 
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and iron (Davis & Mertz, 1987). For instance 
high dietary zinc may induce copper deficiency 
and vice versa because a high dietary dosage of 
one of the minerals suppresses the absorption of 
the other. Davis & Mertz, 1987 suggest that the 
discrepancies in the reported responses to high 
copper levels in pigs relate primarily to differ-
ences in zinc and iron levels of the basal rations. 
In weaned piglets, the interaction between cop-
per and zinc results in reduced plasma copper 
when the diet is heavily supplemented with zinc 
oxide (Poulsen, 1995). Furthermore, the prophy-
lactic effect of high dietary zinc inclusions in-
teracted with the dietary copper content indicat-
ing that the effects of one specific mineral may 
be very complex because of interactions (Poul-
sen, 1995). Carlson et al. (in preparation) found 
that piglets fed high dietary copper had an in-
creased plasma zinc concentration. We believe 
that this may indicate that the classical growth 
stimulating effect of copper might be explained 
by an improved zinc status. The site of action of 
the interaction between copper and zinc may be 
in the intestinal lumen, for instance through 
bindings to e.g. phytate, fibre etc.. Experiments 
with phytase confirm that copper bioavailability 
is affected by the dietary content of zinc in an 
antagonistic way (Pallauf et al., 1992; Adeola et 
al., 1995). The interaction between copper and 
zinc may also be due to competition at the brush 
border membrane and/or during the transfer of 
the metals within the mucosal cell (Cousins, 
1985). Interestingly, high calcium intake is re-
ported to reduce zinc availability, whereby the 
risk of copper toxicity in pigs fed high copper 
diets is enhanced (Davis & Mertz, 1987). 

Environmental aspects 
In Denmark, there are restrictions on the amount 
of manure that can be applied to the agricultural 
soil. This amount is defined by the amount of 
nitrogen that is excreted from the pigs of differ-
ent categories (piglets (7.2 to 30 kg), finishers 
(30 to 100 kg), sows (incl. piglets to weaning)). 
The nitrogen excretion is calculated based on 
the standard values for feed intake, productivity, 
nutrient content of the feed and retention in the 
pig body (Poulsen et al., 2001). Similarly, the 
excretion of zinc and copper can be calculated 
for different scenarios. This has been done for 
all categories of pigs when assuming different 

dietary contents of either zinc or copper (Poul-
sen, 1998). The obtained values indicate that the 
accumulation of zinc or copper depend to a 
large extent on the dietary concentration. Fur-
thermore, it was calculated how many years 
would pass before the upper soil quality criteria 
is reached in a standard soil. The critical value 
for soil zinc and copper is laid down by the 
Danish Environmental Protection Agency for 
sludge and is based on the EU Directive 
86/278/EØF (Larsen et al., 1996). It can be cal-
culated that under Danish conditions, the critical 
values may in worst case be reached within 
about 50 years of constant application of ma-
nure solely excreted by young piglets fed either 
175 ppm copper or 2,500 ppm zinc. Under nor-
mal conditions, manure from different catego-
ries of pigs will be mixed whereby the content 
of zinc and copper will be diluted. Nevertheless, 
the exact environmental effect of a higher con-
tent of zinc and copper in the soil remains to be 
fully exposed. 

Conclusions
In conclusion, zinc and copper are very impor-
tant nutrients, especially for young piglets. Re-
cent experiments emphasise that the current 
recommendations on zinc and copper to weaned 
piglets need to be revised. Experiences from 
human nutrition support the hypothesis that 
young weaned piglets may develop transient 
zinc deficiency. Furthermore, a quite high die-
tary concentration of zinc may be required to 
ensure their physiological daily zinc need be-
cause their feed intake is very limited the first 
few days after weaning. However, a balanced 
approach is needed because zinc and copper are 
heavy metal and may call for environmental 
concern.
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15. Antimicrobial use in food-producing animals in the UK

D.J. Taylor 
Professor of Veterinary Bacteriology and Public Health 
University of Glasgow Veterinary School 
Bearsden, UK-Glasgow G31 1QH 

Introduction 
Food-producing animals in the United Kingdom 
comprise populations of ruminants and mono-
gastric animals which include poultry and fish. 
The actual species are listed in Table 1 which 
includes the major edible products of the spe-
cies.

The UK is not self-sufficient in many foods of 
animal origin and imports considerable amounts 
of specialist food of animal origin such as

Parma ham and commodities which are avail-
able in the Community and Third Countries at a 
lower price than in the UK (43% self-sufficient 
in bacon, 76% in fresh pork). The country ex-
ports food products of animal origin, notably 
Scottish salmon, game, horsemeat and specialist 
or regional products such as cheeses as well as 
commodity products such as poultry meat, eggs 
and red meat when conditions of trade are fa-
vourable or as part of world trade patterns, sub-
ject to disease restrictions. 

Table 1. Species used for food production in the 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 

one year) 
 20,855,000 

 (Ewes and gim-
mers) 

Milk 20,447,000 

Goats Milk Meat  
Deer Meat   
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 Meat Eggs  
Turkeys Meat   
Game (reared) Meat   
Game (wild) Meat   
Ostriches Meat   
Salmon Meat   
Trout Meat   
Other seafish Meat   
Shellfish  
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Farming systems in the UK 
The farming industry consists of large commer-
cial farms with multiple sites, family or tenanted 
farms deriving all or most of their income from 
farming and smallholdings and crofts where the 
main income is rarely provided by farming. This 
pattern of ownership is repeated in the egg in-
dustry, but most broiler production is on farms 
belonging to integrated producing and packing 
firms. The same applies in fish farming, where 
most salmon production is by large companies 
but trout and shellfish production is often on a 
smaller scale. 

Special features of the production of foods of 
animal origin in the UK include the widespread 
use of grazing and extensive husbandry systems 
at some stage of production of beef, lamb and 
some pig meat. There is a trend towards the pro-
duction of ‘organic’ foods with a minimum of 
inputs including antimicrobial treatments in 
animal husbandry. Unlike many continental 
countries, there are relatively limited sales of 
foods of animal origin direct to the consumer , 
although these are increasing. Animal feeds are 
often supplied by sophisticated feed companies 
able to meet the complex nutritional require-
ments of recently-weaned pigs and calves. 
Feeds for older animals may be produced on 
farm using home-produced ingredients, but sup-
plements are provided and the ration balanced 
by the feed companies. There is little or no 
white veal production, largely for reasons of 
perceived animal welfare and national sentiment 
and no sows are tethered. A number of farm as-
surance schemes exist to provide quality assur-
ance for the livestock sector. 

The UK market for foods of animal origin is 
dominated by the few large supermarket chains. 
They have production protocols and inspect 
production at every stage. Their buying policies 
have influenced major suppliers such as the 
poultry producers to adopt welfare and man-
agement practices of a standard not yet required 
by legislation and to abandon the use of antimi-
crobial growth promoters. 

A special feature of UK animal husbandry is the 
fate of culled cows. No bovine animal aged over 
30 months can enter the food chain and all are

slaughtered and rendered. This outlet for such 
animals means that they rarely enter trade, are 
not treated for disease to the same extent and 
represent a dead end from the point of view of 
disease-producing organisms. 

Overall, the number of farmed livestock is de-
clining in the UK following two major disease 
outbreaks and the adverse exchange rate which 
has resulted in poor profitability. This decline in 
livestock farming incomes has resulted in re-
duced capital expenditure and may have re-
duced adoption of disease control strategies. 

Antimicrobial use in the UK 
Antimicrobials are licensed for use by the Euro-
pean Medicines Agency or by the UK Veteri-
nary Medicines Directorate as in other European 
countries. Therapeutic antimicrobials are pre-
scribed by veterinary surgeons to animals under 
their care for treatment and disease manage-
ment. Individual treatment is the norm 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 where there are phar-
macological reasons for doing so (e.g. valnemu-
lin). Growing pigs and poultry are routinely 
treated by these routes. Occasional groups of 
calves may be treated in feed or water, as may 
be members of other species for specific pur-
poses and where the antimicrobial is compatible 
with use in that species. 

A withdrawal period is observed for all food 
producing animals to which antimicrobial has 
been administered. When veterinary surgeons 
use a licensed antimicrobial (or other medicine) 
which is not licensed for use in a particular 
food-producing animal and has no specified 
withdrawal period for that species or route of 
administration (for example in a trout or a 
pheasant), then a standard withdrawal period is 
observed. This process of using a medicine for 
an unlicensed use can only be carried out when 
no licensed medicine is available for the pur-
pose required and is known as the ’cascade’. 

The process of prescribing and administering an 
antimicrobial in the UK is as follows: The vet-
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erinary surgeon examines the animal or group of 
animals concerned and reaches a provisional di-
agnosis.

If medication is required, an appropriate treat-
ment is selected and the veterinary surgeon ad-
ministers the first treatment personally from 
her/his supply. The treatment is recorded in the 
Treatment Record Book with details of the ani-
mals treated, date and name of the person ad-
ministering the medicine. 

The veterinary surgeon may return to complete 
the treatment, but often provides sufficient 
medicine for the farm staff (appropriately 
trained) to complete the treatment and any sub-
sequent cleaning and disinfection. Where the 
disease does not resolve or occurs in successive 
groups of animals (as on pig and broiler farms), 
samples may be taken for confirmation of diag-
nosis and determination of the antimicrobial 
sensitivity of the agents present. 

Decisions are then taken about longer term dis-
ease management. In some circumstances, a 
group of animals may require medicated water 
or feed. Feed medication is supplied by the vet-
erinary surgeon and mixed on farm if the feed 
mixing equipment there is licensed, but is gen-
erally prepared by a feed company upon receipt 
of a prescription valid for the batch of animals 
and a maximum of one month. The feed com-
pany employs a pharmacist to dispense the 
product and detailed records are kept by all 
three parties. 

Disease management in the longer term may be 
by treatment of individual affected animals 
(cases of mastitis in dairy cows) with treatment 
administered by the farm staff without further 
reference to the veterinary surgeon. Treatments 
are recorded and withdrawal periods observed. 
Further supplies of antimicrobial are only avail-
able on prescription from the veterinary surgeon 
who usually supplies the prescription unless it is 
for medicated feed. Where possible, vaccines 
are used and hygiene regimes or, even, in the 
case of pig or poultry enterprises, depopulation 
of buildings or entire farms may be used to 
manage or eradicate disease. The actual meth-
ods used depend upon the disease, the econom-
ics of the procedure and on the practicality of 

the management measures (availability of vac-
cines, ease of administering medication by a 
specific route etc). 

It is important to realise that zinc oxide can be 
legally supplied on prescription and mixed in 
feed in the UK for the prevention of post wean-
ing diarrhoea in pigs. 

Antimicrobial growth promoters are still used in 
the UK. The four products still licensed in the 
EU are all available. Little or no antimicrobial 
growth promoter is used in table poultry as the 
supermarket buyers have indicated that their 
suppliers should not use them. Salinomycin and 
monensin may still be used as part of the anti-
coccidial control programme, but they are not 
used directly as growth promoters. In cattle, 
monensin may still be used, but the major use of 
these products is in pigs where avilamycin and 
salinomycin are commonly used. Once again, 
those with contracts from the large supermar-
kets may decide not to use them following dis-
cussion with the purchaser. They are always 
supplied by the feed compounder under licence. 

Factors affecting antimicrobial use in the UK 
Antimicrobial use is not uniform across the food 
producing species in the UK. Some species har-
vested for food receive no antimicrobial (wild 
game, extensive sheep) and others receive an-
timicrobial only at specific times in the produc-
tion cycle. Examples of these uses are the treat-
ment of pheasant chicks and poults for disease 
prior to release, young lambs during housing, 
ewes at lambing or with mastitis and cows with 
mastitis. Antimicrobial use in broilers, pigs and 
salmon is not uniform and may be completely 
absent from some sites, flocks and herds. An-
timicrobial use is most common in pigs during 
the sucking and post-weaning periods when a 
number of bacterial diseases occur. Treatment 
may be administered to these animals parenter-
ally, in drinking water or in feed. 

Factors tending to reduce use of antimicrobial 
in the UK 
Cost of treatment is a factor in antimicrobial use 
as the margins over costs are low in many parts 
of UK agriculture. Disease and treatment may 
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make batches of broilers uneconomic and all 
possible measures are taken to reduce and pre-
vent disease, thus reducing incidentally the use 
of antimicrobial. Where the costs of disease 
have led to complete depopulation and repopu-
lation of pig herds, the new stock are usually of 
higher health status and require fewer treat-
ments. There may be hesitation before choosing 
an expensive antimicrobial for certain farms, 
thus reducing the development of resistance to 
new products. Costs also affect the treatment of 
bovine mastitis: once an animal is chronically 
affected, culling often follows the development 
of disease as the margin on milk production is 
currently so low. 

The ‘organic’ movement with its minimal use of 
antimicrobial and proscription of the use of 
growth promoters is increasing in size and will 
eventually reduce the total use of antimicrobial 
in food animals in the UK. 

Health policies have been introduced by cattle, 
sheep and pig farmers as part of their quality as-
surance schemes and their operation reduces 
disease and the consequent need for treatment. 

New vaccines have been introduced for a num-
ber of diseases and the diseases concerned no 
longer require treatment. Examples are the in-
troduction of the vaccines for enzootic pneumo-
nia, Glasser’s Disease and pleuropneumonia in 
pigs, the upgrading of the Mannheimia haemo-
lytica vaccines for sheep and cattle and the in-
troduction of a vaccine for colisepticaemia in 
chickens.

Guidelines for the use of antimicrobial use have 
been prepared by industry, Government and 
veterinarians in order to reduce the amount of 
antimicrobial prescribed and used in the UK in 
both food and companion animals and distrib-
uted to all veterinarians. Requests have been 
made of the veterinary schools to emphasise to 
students that they should use antimicrobials re-
sponsibly when they graduate and the subject is 
given considerable exposure at professional 
meetings. 

Factors tending to increase use of antimicrobial 
in the UK food animal population 
Increases in animal disease are important rea-
sons for increases in the prescription of antimi-
crobial. The best example of this comes from 
the pig industry in which the recently-
recognised Postweaning Multisystemic Wasting 
Syndrome (PMWS) has now spread to most 
parts of the UK. PMWS is a virus disease, but 
its consequences include a reduction in resis-
tance to pathogens, a possible association with 
the use of vaccines, a reduction in growth rate 
and consequent overcrowding and pressure on 
hygiene. There has been a surge in antimicrobial 
use as veterinarians attempt to manage the syn-
drome and to treat the bacterial diseases which 
have emerged. Similarly, the restrictions on 
movement consequent upon the recent outbreak 
of Foot and Mouth Disease appear to have in-
creased disease and led to local increases in an-
timicrobial use. 

The introduction of new diagnostic tests has al-
lowed veterinarians to confirm the existence of 
diseases such as Proliferative Enteropathy of 
pigs (Lawsonia intracellularis infection) much 
more accurately than before. This has led to 
specific attempts to manage and reduce the lev-
els of infection in pig herds. 

Reductions in the use of antimicrobial growth 
promoters have had some effect already on an-
timicrobial use. In the broiler industry, disease 
such as necrotic enteritis has been much more 
obvious and has been treated with therapeutic 
antimicrobial. The costs of the disease and sub-
sequent treatment have, however, led to strenu-
ous efforts to reduce the occurrence of the dis-
ease and to minimise its effects and the overall 
effect may be neutral in some cases. The pig 
herds which have discontinued the use of anti-
microbial growth promoters have seen a reduc-
tion in growth rate in some cases which has re-
sulted in overcrowding. Once management ad-
justs to the changes, herds can be grown satis-
factorily in the absence of their use, with little 
or no more disease or antimicrobial use than be-
fore.
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Illegal imports and the illegal use of antimicro-
bials occur in the UK and are identified by Gov-
ernment inspectors. The source of the antimi-
crobials used varies, but the products often de-
rive from other Community countries within the 
euro zone. They are not registered for use in the 
UK, but are registered in the country of origin. 
They are imported illegally, sold and used by 
farmers without veterinary prescription because 
of the strength of sterling against the euro. 
Products from third countries may also follow 
the same channels Importers and farmers in-
volved are prosecuted if the evidence is suffi-
ciently strong. The effects of these imports on 
antimicrobial use are not fully known. 

The introduction and marketing of new antimi-
crobials has an effect on the sales and use of the 
class of compound concerned, although the ef-
fect may not be great in terms of the total value 
of antimicrobial sales or the total use of that 
class of antimicrobial. Substitution of products 
within a class may occur. One effect is that the 
older antimicrobials and the generic products 
are not supported in this way and their use de-
creases. A case in point is the treatment of Pro-
liferative Enteropathy in the pig where tetracy-
clines are the gold standard for treatment, cheap 
and easy to administer, and have been used ef-
fectively for 30 years. Most tetracycline prod-
ucts, however, have no specific claim for the 
disease and there is a tendency to use products 
with label claims for treatment. Thus tylosin, 
lincomycin and tiamulin are used in preference 
to the older product. 

Antimicrobial resistance may increase the use of 
antimicrobial, but usually only results in a shift 
in class. Increases in use generally stop once the 
diagnosis is reconfirmed and an appropriate an-
timicrobial is prescribed. This can, of course, 
result in an increase in resistance to the new 
product.

Monitoring of antimicrobial use and resis-
tance
Antimicrobial use is monitored by the pharma-
ceutical industry who report to Government an-
nually. Sales figures are published but the ton-
nages may remain confidential. In the field, in-
spection of records takes place during Govern-

ment welfare inspections and during Quality 
Assurance visits. Residues of antimicrobials in 
meat and animal products are sought by the 
Veterinary Medicines Directorate and other 
bodies and reported. Occurrences are followed 
up and breaches of the Medicines legislation re-
sult in prosecution. Few residues are found. 
Figures for September 2002 show tetracycline 
residues in 3 of 2,500 red meat kidneys, sul-
phonamide residues in 5 of 544 pig kidneys, 1 
monensin residue in 162 sheep kidneys, 8 tetra-
cycline residues in 292 turkey kidneys and 1 
sulphonamide residue in 181 turkey kidneys. 
Eggs, milk and salmon were completely free 
from antimicrobial residues. 

Antimicrobial resistance has been monitored 
systematically and the resistance recorded in 
salmonellae in the UK since 1975 by Govern-
ment laboratories. The records for 2001 show 
that a relative decline in S. enterica subsp en-
terica Typhimurium has reduced the percentage 
of salmonellae resistant to antimicrobials in cat-
tle and in particular, a decline in the proportion 
of DT104, a multiresistant strain, has reduced 
the degree of resistance within the Typhi-
murium isolates. The figures show a decrease in 
sensitivity to fluoroquinolones (measured using 
nalidixic acid) in these isolates. Antimicrobial 
sensitivity testing is carried out on other isolates 
of clinically-relevant bacteria, but systematic 
collection of the data from Government sources 
is only beginning. No collation is yet possible 
from private or University laboratories. These 
data are supplemented from time to time by sur-
veys of antimicrobial resistance in normal flora 
such as enterococci and organisms of zoonotic 
importance such as campylobacters and in 
populations such as wildlife. 

Conclusions
1.   Antimicrobials are used in the treatment of 

food animal disease in the UK 
2.   They are administered parenterally, by the 

intramammary route, in drinking water and 
in feed. 

3.  They are prescribed by veterinary surgeons 
and supplied by veterinary surgeons, li-
censed feed compounders and a few phar-
macists. 
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4.  Their use is recorded, records are inspected 
and the observation of withdrawal times is 
monitored.

5.  Abuse is investigated and illegal activity 
prosecuted

6.  The veterinary profession and Government 
are actively involved in responsible use 

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

8.  Antimicrobial use is generally level unless a 
major outbreak of disease occurs. 

9.  Antimicrobial resistance is monitored in the 
UK for salmonellae but not on a country-
wide basis for other organisms except in 
surveys.
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Frederick J. Angulo, DVM PhD 
Foodborne and Diarrheal Diseases Branch 
Division of Bacterial and Mycotic Diseases 
Centers for Disease Control and Prevention 
1600 Clifton Rd, Atlanta GA-30333, USA 

Introduction 
The United States has a population of approxi-
mately 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 cat-
tle, and 7,800 million broiler chickens are 
slaughtered each year in the United States. For 
comparison, Denmark, a country with 5 million 
inhabitants, slaughtered approximately 23 mil-
lion pigs and 135 million broiler chickens in 
2001.

An important barrier to the comparing the pat-
terns of use of antimicrobial growth promoters 
in United States with the pattern of use else-
where, 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 dura-
tion addition of antibiotics to 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 indications for „growth promotion,“ and 
„feed efficiency.“ The United States Food and 
Drug Administration has also approved uses of 
antibiotics in animal feed for „disease preven-
tion“ (e.g., prevention of liver abscesses in feed-
lot cattle) with dosage regiments that are high 
dose (>200 grams per ton of feed), long duration 
(>14 days). „Disease prevention“ antibiotic use 
is intended to be the use of antibiotics for the 
prevention of disease prior to the occurrence of 
disease; such uses, therefore, occur in the ab-
sence of disease. In contrast, „disease control“ 
uses occur in the presence of disease. The „dis-
ease prevention“ term creates confusion because 
the Food and Drug Administration has also ap-
proved „disease prevention“ uses of antibiotics, 

usually by injection (e.g., prevention of early 
chick mortality in broiler chickens), with high 
dose, short duration regiments. Therefore, anti-
biotics 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 uses for 
therapy, disease control, and disease prevention; 
all „disease prevention“ uses of antibiotics, even 
if used for long periods of time in animal feed, 
are considered to be therapeutic uses by the 
American Veterinary Medical Association. 
Therefore, „disease prevention“ use makes the 
comparison of patterns of antibiotic use in 
Europe and the United States difficult. In 
Europe, all long duration uses of antibiotics in 
animal feed are „antimicrobial growth promot-
ers“. There are, therefore, some uses of antibiot-
ics in the United States that the American Vet-
erinary Medical Association considers to be 
therapeutic uses, but in Europe are considered 
growth promotion uses; long duration disease 
prevention uses in the United States would be 
considered growth promotion uses in Europe. 

An alternative term that has been proposed is 
„nontherapeutic“ antibiotic use. Nontherapeutic 
uses are uses of antibiotics in 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 di-
rect comparison of the patterns of antibiotic use 
between the United States and Europe because 
„nontherapeutic“ antibiotic use includes all long 
duration uses of antibiotics in animal feed (sub-
therapeutic uses and disease prevention uses). 
To make a direct comparison, all that is neces-
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sary is to exclude the high dose, short duration 
disease prevention uses in the summary of the 
patterns of antibiotic use in the United States. 

Patterns of use 
The Food and Drug Administration publishes a 
listing of antibiotics approved for use in the 
United States, with the label indications, in the 
United States Code of Federal Regulation. The 
Food and Drug Administration also maintains a 
listing of approved antibiotics in the „Green 
Book“, which is available on the Food and Drug 
Administration website (http://www.fda.gov/-
cvm). The most useful listing of what antibiotics 
are used animal feed is available by subscribing 
to the Feed Compendium; this compendium, 
which is updated monthly, provides a catalog of 
antibiotics currently marketed in the United 
States. There are at lease seventeen classes of 
antibiotics approved for nontherapeutic uses in 
animal feed. These classes include several 
classes of antibiotics that are commonly used in 
human medicine including lincomycin (human 
analog is clindamcin), macrolides (tylosin in 
animals, human analog is erythromycin), peni-
cillin, sulfonamides, tetracyclines, and strepto-
grams (virginiamycin in animals, human analog 
is quinupristin/dalfopristin). Antibiotics that are 
commonly used in human medicine are not al-
lowed to be used as antimicrobial growth pro-
moters in Europe. 

There is no validated antibiotic use reporting 
system in the United States, nor are there been 
validated estimates of quantities of antibiotics 
used in food animals in United States. Establish-
ing such a reporting system is a high priority ac-
tion item in the United States Interagency Ac-
tion Plan for combating antimicrobial resis-
tance.

Two groups have provided recent estimates of 
the quantities of antibiotics used in food ani-
mals. The Animal Health Institute, which repre-
sents approximately 80% of the manufacturers 
of animal drugs in the United States, has pub-
lished a summary of the quantities of antibiotics 
used in 1999 based on a survey of their member 
companies (http://www.ahi.org). This summary 
is laudable because it represents the first report

by animal drug companies on the quantities of 
antibiotics used in the United States and sug-
gests that gathering of animal drug use informa-
tion in the United States is neither burdensome 
nor impractical. Unfortunately, no details are 
provided on the survey methodology; no infor-
mation is provided on the number of companies 
surveyed, the number of respondents, or the 
questions included in the survey. Furthermore, 
few details are provided in the survey summary; 
the data are not stratified by animal species, in-
tended uses, types of antibiotics, etc. Results of 
the survey are difficult to interpret for several 
reasons. The Animal Health Institute follows the 
American Veterinary Medical Association defi-
nition for therapeutic antibiotic use; including 
all disease prevention uses in therapeutic use. 
Therefore, although the survey reports the quan-
tity of antibiotics used for „growth promotion,“ 
in the United States in 1999, this quantity can-
not be compared to quantities of antibiotics used 
for growth promotion reported in Europe be-
cause the definition of growth promotion use in 
Europe is broader than the definition used by 
the Animal Health Institute. In September 2002, 
the Animal Health Institute issued a press re-
lease 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 a small but important 
decline in the use of antibiotics in food animals 
compared to 1999. A thorough independent re-
view of these findings would be very useful, 
particularly because several food animal com-
panies have announced voluntary reductions in 
nontherapeutic antibiotic use.

The Union of Concerned Scientists has pub-
lished an estimate of the quantities of nonthera-
peutic antibiotics used in the United States in a 
recent publication entitled „Hogging it“
(http://www.ucsusa.org); 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 nonthera-
peutic antibiotics used in the United States in 
the cattle, swine, and broiler chicken industries 
in 1999, and a compares these estimates for the 
quantities used in 1985. Although the estimates
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have not been validated, the report provides a 
detailed explanation of the methods used to de-
rive estimates. 

The Union of Concerned Scientists derived the 
estimates by using a combination of available 
data from the United Stated Department of Ag-
riculture 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 nonthe-
rapeutic antibiotics are used on chicken farms is 
derived from expert opinion. The report divides 
that number of animals on farms into several 
commonly used stages (i.e., starter, feeder, fin-
isher) of production using the United States De-
partment 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 nonthera-
peutic antibiotics. The dose of nontherapeutic 
antibiotics used in the animal feed during each 
production stages is derived from the label indi-
cations of the antibiotics approved by the United 
Stated Food and Drug Administration. Again 
using United States Department of Agriculture 
data, the number of days an animal stays in each 
production stage and the amount of feed con-
sumed is determined. Estimates of the quantity 
of nontherapeutic antibiotics used are derived 
for the animals on each nontherapeutic use 
regiment by multiplying the number of days in 
each production stage, by the amount of feed 
consumed and the dose of nontherpeutic antibi-
otic in the feed. A final estimate of the quantity 
of nontherpeutic antibiotics used in each indus-
try is derived by summing the uses for 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 lim-
ited 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 ap-
proximately 145 days in a feedlot, but may 
spend up 235 days in feedlot. While in a feedlot, 
most cattle are feed nontherapeutic antibiotics 
for growth promotion and disease prevention 

(e.g., prevention of 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 analog of tylosin (erythromycin) are 
commonly used in human medicine. The Union 
of Concerned Scientists estimated that approxi-
mately 1,600,000 kilograms of antibiotics were 
used nontherapeutically in cattle in the United 
States in 1999, of which 40% were antibiotics 
commonly used in human medicine. For com-
parison, an estimated 1,200,000 kilograms of 
antibiotics were used nontherapeutically in cat-
tle in the United States in 1985. 

There are approximately 100 million swine 
slaughtered each year in the United States. Pig-
lets are commonly weaned at 14 to 21 days in 
the United States, and spend approximately 40 
days as „weaner“ pigs, 40 days as „feeder“ pigs, 
and 90 days as „finisher“ pig; pigs are com-
monly slaughtered at approximately 185 days of 
age. Antibiotics commonly used nontherapeuti-
cally in swine in the United States include ba-
citracin, chorotetracycline, oxytetracycline, and 
tylosin; each of these antibiotics are commonly 
used in human medicine. The Union of Con-
cerned Scientists estimated that approximately 
4,800,000 kilograms of antibiotics were used 
nontherapeutically in swine in the United States 
in 1999; of which 90% were antibiotics com-
monly used in human medicine. For compari-
son, an estimated 5,000,000 kilograms of anti-
biotics were used nontherapeutically in swine in 
the United States in 1985. 

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

The Union of Concerned Scientist also esti-
mated that 1,300,000 kilograms of antibiotics 
were used nontherapeutically in food animals 
other than cattle, swine or chickens (e.g., tur-
keys, sheep) in the United States in 1999. Taken 
together, an estimated 12,300,000 kilograms of 
antibiotics were used nontherapeutically in food 
animals in the United States in 1999. Further-
more, the Union of Concerned Scientists esti-
mated that approximately 700,000 kilograms of 
antibiotics were therapeutically used in food 
animals in the United States in 1999. Therefore, 
the Union of Concerned Scientists estimated 
that approximately 13,000,000 kilograms of an-
tibiotics were used in food animals in the United 
States in 1999. Alternatively, the Animal Health 
Institute estimated that 9,000,000 kilograms of 
antibiotics were used in food animals in the 
United States in 1999. 

Despite the variations in the estimates by the 
Union of Concerned Scientists and the Animal 
Health Institute, it is clear that the quantity of 
antibiotics used in food animals is vast. Fur-
thermore, the Union of Concerned Scientists es-
timates that over half of the nontherapeutic anti-
biotics used in food animals in the United States 
are antibiotics commonly used in human medi-
cine; 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 antibiot-
ics used nontherapeutically in chickens has re-
markably increased in the past two decades. To 
combat increasing antibiotic resistance, the mis-
use and overuse of antibiotics needs to be re-
duced. Restrictions on certain antibiotics uses 
are scientifically justified and will protect the 
public health. 

There are several strategies aimed at reducing 
the misuse and overuse of antibiotics used in 
food animals. Recently, several companies in 
the United States, citing consumers concerns 
about antibiotic resistance, have voluntarily an-

nounced their intention to only purchase 
chicken raised 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 is the single 
largest purchaser of chicken in the United 
States. Furthermore, several poultry companies 
have also announced their intention to raise 
chickens without the nontherapeutic use of anti-
biotics 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, includ-
ing growth promoters, for use in food animals. 
Each antibiotic will be evaluated on an individ-
ual basis, taking into account its importance in 
human medicine and the extent of human expo-
sure that would result from the proposed animal 
use. The proposed process for conducting this 
evaluation is complex and relies in part on pre-
approval studies and post-marketing surveil-
lance to evaluate potential and documented hu-
man health hazards. This process, if imple-
mented 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 ac-
tions, there are also currently bills in the United 
States House of Representatives and Senate that, 
if enacted, would amend the Federal Food, 
Drug, and Cosmetic Act to prohibit the nonthe-
rapeutic use of human antibiotics in food ani-
mals. Such action would ensure that the non-
therapeutic use of antibiotics in food animals 
does not compromise human health by contrib-
uting to the development of antibiotic resis-
tance.

There is also a need to conduct research to de-
termine the consequences of nontherapeutic an-
tibiotic use in food animals. Conducting such 
research is a high priority item in the United 
States Interagency Action Plan to combat anti-
biotic resistance. The Centers for Disease Con-
trol is collaborating with several partners to fos-
ter applied public health research in this arena; 
currently two Cooperative Agreements have 
been established with Schools of Veterinary 
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Medicine to compare the consequences of rais-
ing pigs without nontherapeutic antibiotics in 
condition of modern husbandry. The National 
Pork Board has also recently funded research on 
alternatives to antimicrobial growth promoters. 
Among the important new research is a report of 
a large clinical trial conducted by Dritz et. al 
(JAVMA2002;220(11)1690-1695). Results from 
this research suggest that use of antibiotics for 
growth promotion should be limited to the nurs-
ery phrase (i.e., early period in the weaner 
stage) in pig production; use during the finish-
ing 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 eco-
nomic analyses as to what would be the conse-
quence 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 overestimate 
the average daily gain for each pig, often using 
a rate of 5%; it is not clear that pigs or poultry 
will achieve such increases in weight gain in 
conditions of modern husbandry. Further re-
search is clearly 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 antibiotics in food producing animals can 
lead to adverse public health consequences due 
to emergence of resistant bacteria that can be 
transmitted to humans through the food supply 
or direct contact with animals. An area of par-
ticular public health concern has been the pro-
longed feeding of antibiotics in low doses to 
animals as growth promotants. Comparing the 
patterns of antibiotic use in various countries or 
regions would be useful to understand the epi-
demiology of antibiotic resistance. An important 
barrier to the comparison of the patterns of use 
of antimicrobial growth promoters in United 
States with the pattern of use in elsewhere, in-
cluding Europe, are the definitions used to de-
scribe how antibiotics are used in the United 
States. An additional important barrier is the ab-
sence of validated antibiotic use information; 
absence of such data makes interpretation of 

human surveillance data complex and requires a 
more conservative approach to antibiotic use in 
food animals. The two recently available esti-
mates of the patterns of antibiotics used in food 
animals in the United States demonstrate that 
the quantity of antibiotics used in food animals 
in the United States is vast. There is a need for a 
more precise antibiotic use reporting system in 
the United States for antibiotics used in food 
animals. Precise antibiotic use data is vital for 
monitoring voluntary and non-voluntary actions 
aimed at reducing the misuse and overuse of an-
tibiotics, and thereby combating increasing an-
tibiotic 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 
P.O.Box 11, Woden ACT 2606, Australia 

Abstract
Daily protein intake remains inadequate in 
many countries. It has been argued that because 
antibiotics increase meat production when rou-
tinely added to animal feed, this will therefore 
help alleviate protein malnutrition. In develop-
ing countries any increase in meat production 
however is very unlikely to lead to an increase 
in protein intake by most of those who are mal-
nourished. The poor currently consume little or 
no “industrialized” meats. Unless their incomes 
rise substantially they are also unlikely to have 
access to these meats in the future because rela-
tively “vegetals” will continue to be much 
cheaper as a calorie and protein source. In addi-
tion most of the poor live in rural areas with 
poor infrastructure, which means they will also 
not be able to access these “industrialised” 
meats. 

Many assume that antibiotics produce a 10% 
growth improvement in “industrialised” meat 
production. Therefore the expected effect on the 
dietary intake of protein of a population if 
growth promoters were not used can be esti-
mated. If we assume that antibiotics are used in 
all poultry and pork production, then their ces-
sation would result in a fall in protein intake of 
0.5 g/d per person when all developing coun-
tries were grouped together (or 0.7% of total 
protein intake; 1997 FAO intake figures). Aver-
age daily intake would have been 66.5 g/d (well 
above the WHO/FAO recommended minimum 
of 50 g/d). It is also likely in developing coun-
tries that the weight gain benefits in animals re-
ceiving antibiotics are 2% or less, and that all 
poultry and pork do not receive them. Therefore 
any resultant decrease in dietary protein intake 
would be much less than 0.5 g/d. 

In developing countries those who are relatively 
more affluent purchase and eat “industrialised” 
meats. The intake of “industrialized” meats is 
associated with an increased fat intake. This is 
likely to contribute to obesity, which is the cur-
rent major nutritional problem in most develop-
ing countries rather than malnutrition.

In conclusion there is no evidence that the use 
of antibiotics as growth promoters in food pro-
duction animals leads to improved health in the 
poor (or the malnourished) by increased dietary 
protein intake in these people or helps them 
economically. This practice however does in-
crease the exposure of the human population to 
antibiotic resistant bacteria. 

Improved meat production in developing 
countries; does it help malnutrition? 
In developing countries there remain large num-
bers of people who are malnourished and suffer 
from protein/energy deficiency. Animal pro-
ducts (meats and milk) have been regarded as 
one of the best ways of overcoming this prob-
lem because meat has a much higher protein 
content compared to vegetal products. Therefore 
practices that promote meat production (such as 
antimicrobial growth promoters) are believed to 
improve protein production and therefore allevi-
ate malnutrition in developing countries. 

Poultry and pork are the main livestock in 
which continuous in-feed antibiotics are used 
(for growth promotion and for prophylaxis). 
Most cattle and sheep in developing countries 
are raised on grasslands and so do not receive 
antibiotics as in-feed additives. Antibiotics are 
used in aquaculture but very limited data is
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available. Therefore in evaluating the potential 
value of continuous in-feed use of antibiotics in 
developing countries as growth promoters, this 
report has focused on poultry and pork produc-
tion. Pork and chicken meats have had the larg-
est increases in both meat production and con-
sumption in the last 40 years in developing 
countries (over 500% increase in supply per 
capita since 1960). 

Do antibiotics still work when used as growth 
promoters?
There is an assumption that significant weight 
gains in animals will result from the in-feed use 
of antibiotics, especially in developing countries 
and it is often assumed to be about 10%. How-
ever it remains unclear how much (if any) de-
crease in production of meats will result if anti-
biotics are not used routinely as in-feed addi-
tives in “industrialized” meat production. There 
have never been any double-blind, placebo con-
trolled trails on the use of continuous in-feed 
antibiotics for growth promotion even in devel-
oped countries. The benefits of antibiotics re-
main based primarily on a belief of efficacy 
rather than on any recent data. Published data 
from developed countries often shows no bene-
fit. Data from pharmaceutical companies on 
their own products show weight gain benefits of 
2% or less (JETACAR 1999) and the benefits 
from competitors’ products usually only show 
minimal or very small increase in weight gain 
compared to controls (e.g. 0.2%). 

In Denmark all poultry manufacturers voluntar-
ily ceased all in-feed use of antibiotics in Febru-
ary 1998. Chicken production has not suffered 
economically as a result. Meat production and 
chicken weights were maintained, as was output 
of chicken meat per square meter of pen size 
(Emborg et al, 2001). The only economic pa-
rameter that worsened without antibiotic use 
was the very small amount of extra feed that 
was used. The FCE increased by 0.9% (0.016 
kg/kg). Antibiotics also do not usually improve 
mortality in developed countries (e.g. mortality 
rate 3.9% in controls compared to 4.8% in 
broilers on virginiamycin; JETACAR 1999). In 
Denmark there was no increase in mortality 
when in-feed antibiotics were no longer used in 
poultry (Emborg et al, 2001). 

Data from developing countries is much more 
limited. Because animals may be under greater 
stress (poor food supplies or heat), it is often as-
sumed that weight gain benefits will be much 
greater in these countries. Data was submitted 
from some developing countries to WHO fol-
lowing the “call for data” which preceded the 
Oslo meeting in 2001. Unpublished studies in-
volving over 5 million chickens by poultry pro-
ducers in Brazil suggests that the weight gains 
are variable and at most about 2%. In one study 
no weight gain with antibiotics occurred com-
pared to controls (-1.9% wt gain) although there 
was a slight improvement in feed efficiency 
(0.5%) and mortality (0.6%). One small study 
from India suggests that a 9% weight gain can 
occur with antibiotic use (Mohan et al 1996). 
However in this latter study the final weigh of 
the chickens at 6 weeks on antibiotics (1141 g) 
was only about half the weight of chickens 
reared without continuous antibiotics in devel-
oped countries (e.g. Denmark) or in Brazil. 

WHO/FAO recommendations for daily pro-
tein requirements 
In the developing world calorie intake has in-
creased markedly in the last 30 years and now 
exceeds recommended minimum intakes for an 
individual (2,100 calories per day) in most 
countries. Protein intake however is still below 
recommended levels in many countries. The av-
erage protein intake for adults in a population 
should exceed 50 g/day (or >0.8 g/kg/day; 
WHO 1997). 

Mal-distribution of foods 
In most developing countries there is an uneven 
distribution of foods between different segments 
of the population. Those living in rural areas are 
more likely to be malnourished than those living 
in cities. Rural areas are where most of the poor 
and malnourished in developing countries live. 
Generally those who live in cities are more af-
fluent and generally better feed. Indeed in al-
most all developing countries there are already 
substantial numbers of the population who are 
obese and obesity levels are rapidly rising (both 
adults and children). 
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WHO and others have now identified obesity as 
one of the major health problems in most devel-
oping countries (WHO 1990 “Diet, Nutrition 
and Prevention of Chronic Diseases”). Rela-
tively small increases in income are associated 
with large increases in animal product consump-
tion and obesity. Increased intakes of sugars and 
saturated fats are major factors in these rising 
obesity rates (and the health problems associ-
ated with obesity - cardiac disease, diabetes and 
some cancers). In the WHO report on this issue 
important points that were made include:  

• food of animal origin are no longer viewed as 
dominant items in an optimal healthy diet 

• both saturated fat and dietary cholesterol are 
abundant in fatty products of animal origin 

• that plant food provides protein as well as nu-
merous vitamins and minerals. 

“Authorities in developing countries are cau-
tioned not to imitate agriculture, farming, the 
food production and promotion policies that 
were designed to emphasis the production of 
animal products and are based on nutritional 
knowledge long since outmoded. The difficulty 
of altering such policies now apparent in many 
wealthy nations, serve as a further warning 
against their introduction.” 

The poor do not eat meat produced with con-
tinuous in-feed antibiotics 
70% of world’s poor live in rural areas. These 
areas usually have poor infrastructure, food dis-
tribution networks and refrigeration. This means 
that little “industrialized” meats will be distrib-
uted and available for sale where these people 
live. They therefore do not have access to these 
types of meats. The malnourished and poor in 
these countries eat and consume very little (an 
in most cases none) of the “industrialized” 
meats that are produced in those countries. 
What chicken and pork the poor do eat in rural 
areas is usually locally produced from animals 
that eat by scavenging. Continuous in-feed anti-
biotics are not used in the production of these 
animals. 

Most if not all “industrialized” meats that are 
consumed within developing countries are sold 
and eaten in or near cities. The vast majority of 

these “industrialized” meats are being eaten by 
the relatively affluent in those countries whose 
major nutrition problem is not malnutrition but 
rather obesity. Therefore even if the continuous 
in-feed use of antibiotics in these countries was 
banned and there was a decrease in production 
by as much as 10% of “industrialized” meats, 
then this is not very likely to cause malnutrition 
in any segment of the population. 

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 remains in 
short supply. Meats are regarded as “luxury” 
items. The poor therefore do not have access to 
these meats because of income constraints. In 
developing countries the consumption of meat is 
“demand” driven and income dependent. Sig-
nificant 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 calo-
rie intakes through the intake of cereal and other 
vegetal products. Improved access to meats is 
dependent on increasing the income of the poor 
rather than increasing the supply of meat. 

The contribution of “industrialized” meats to 
improved nutrition in a nation is negligible 
Poultry and pork are the main “industrialized’ 
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 meats to a nation’s 
nutrition (FAO 1997 data). The effects that re-
moving the use of antibiotics as growth promot-
ers may have in developing countries can be es-
timated using the FAO nutrition database. For 
the purposes of these calculations we will make 
an assumption that all poultry and pork pro-
duced receive in-feed antimicrobials and the 
growth promotion effect of this is 10%. 

If these antimicrobials were not used, then total 
daily protein intake of the population would fall 
by 0.5 g/d if production fell by 10% (and thus 
the intake of pork and poultry) when all devel-
oping countries are combined. This however 
represents only a 0.7% reduction in daily pro-
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tein intake to 66.5 g/d. Fat intake would also 
fall, but by a larger 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 levels that would be 
deleterious a population’s nutrition (see table 1 
and figure 1). In those countries where protein 
intake was already above 50 g/d, then the per 
capita protein intake remained above this level. 
For those countries with a protein intake below 
50g/day, then pork and poultry intakes are usu-
ally very small. A 10% drop in this pork and 
poultry intake therefore makes almost no 
change to the population’s average daily protein 
intake. The largest effects were seen in coun-

tries where there are already high average daily 
protein intakes (e.g. China and Argentina). 

It is more likely that in these countries the 
weight gains benefits in animals from in-feed 
antibiotic use are 2% or less rather than the 10% 
assumed and also that not all pigs and poultry 
will have received these antibiotics. Therefore 
the resultant loss of protein intake if antibiotics 
were not used would be much less than even 
these modest decreases in intake estimated 
above. If only a 2% weight gain occurs with an-
tibiotic use and only half the animals received 
antibiotics, then for “all developed countries” 
combined the fall in protein intake would have 
been only 0.05 g/d (or 0.07% of daily protein in-
take).
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Table 1. Meat Supply changes in developing countries if antibiotics were not used (1997) 

1997 DAILY 
PROTEIN
INTAKE

Pig
meat 

Poultry
Meat

Grand
Total

Pig meat plus 
poultry

10% of 
pig/pork

Grand Total 
if no Antibiot-

ics used 

% fall in 
protein in-

take
Angola 0.8 0.4 40.5 1.2 0.12 40.38 0.3 
Brazil 2.3 7.6 76.4 9.9 0.99 75.41 1.3 
China 8.6 2.8 77.6 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 66.5 2.6 0.26 66.24 0.4 
Mexico 3.1 5.3 82.5 8.4 0.84 81.66 1 
Thailand 1.9 5.3 53.6 7.2 0.72 52.88 1.3 
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The use of in-feed antibiotics may contribute to 
an adverse effect on nutrition in a country. The 
segment of the population that is currently eat-
ing most of this industrial meat production (and 
their high content of saturated fats) has a prob-
lem with obesity rather than protein-energy 
malnutrition. Decreasing the supply of “indus-
trialized” meat by 10% should lead to a de-
crease in overall consumption of meat by a 
similar amount in the population. If pork is a 
major component of this industrialized meat 
production, then a 10% decrease in meat intake 
will be associated with a much greater decrease 
in fat intake compared to the fall in protein in-
take. In China in 1997 there was a 26.6 g daily 
intake of fat from pork compared to an 8.6 g in-
take of protein. Therefore every 1 g of protein 
intake from pig meat is associated with a much 
larger intake of fat (3.1 g). 

The use of in-feed antibiotics may harm the 
poor economically 
The use of in-feed antibiotics is likely to harm 
the poor economically in developing countries 
because they will likely receive lower prices for 
their livestock, they may pay higher prices for 
cereals and there may be less employment in the 
agricultural sector. 

The poor are usually “sellers” of meats rather 
than “buyers”. Large-scale industrial meat pro-
duction leads to an increased supply of meats in 
a country. When supply significantly increases, 
then prices will usually fall. This means that 
overall the poor are likely to receive lower 
prices for their animals. 

The price of meat will however not fall low 
enough so that the price now becomes compara-
ble to cereals as a source of calorie intake in 
their diet. Most cereals are about 15% of the 
price of meat for the same calorie value. There-
fore the poor will buy cereals rather than meats 
as foods while money remains in short supply or 
unless the price of meat dropped by about 85%. 
Lack of income by the poor therefore will still 
usually preclude meats as a significant dietary 
source of protein. 

In the market place there is not a “level playing 
field”. From a financial perspective, tax breaks 

are often given to the industrialized sector as 
well as subsidies. Also infrastructure support 
(e.g. roads, water etc) are usually built and paid 
by government. This means that the animals 
produced by the “industrialized” sector can 
reach markets more easily and be sold for lower 
prices in the market place than would be the 
case without these subsidies. These lower prices 
are of benefit to consumers. However it also 
means that lower prices are received for the ani-
mals the poor sell in the same market. The poor 
however do not usually receive any of these 
subsidies. 

The poor however may have to pay higher 
prices for cereals, which are their main nutri-
tional intake. Poultry and pork in “industrial-
ized” production need a predictable supply and 
good quality cereals for feed. Many of these ce-
reals however can be the same foods as the poor 
eat. The poor are “buyers” of cereals. Because 
those in the “industrialized” meat sector are also 
buyers of cereals, there will therefore be more 
“demand”. Higher prices are likely to result, 
unless “supply” also increases. 

Increased employment in the “industrialized” 
meat sector is not likely to significantly reduce 
poverty levels. While there will be some indi-
viduals who will find jobs in this sector, overall 
however there will be less employment in the 
farm sector. This is because the “industrialized” 
meat industry is a capital and energy intensive 
industry rather than labour intensive. 

In conclusion there is no evidence that the use 
of antibiotics as growth promoters in food pro-
duction animals leads to improved health in the 
poor (or the malnourished) by increased dietary 
protein intake in these people or helps them 
economically. This practice however does in-
crease the exposure of the human population to 
antibiotic resistant bacteria. 
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Abstract
In Sweden the use of antimicrobials for growth 
promoting (AMGP) was banned 1986. No nega-
tive clinical effects were reported as a conse-
quence of the ban in production of fattening 
pigs, specialised beef, and turkey or in egg pro-
duction (layers). In the broiler chicken produc-
tion expected problems with necrotic enteritis 
were prevented largely by a continuous use of 
antibiotics during the first two years after the 
ban. Following the implementation of results 
from research during that period the general us-
age of antibimicrobials could be stopped and 
expected problems with outbreaks of necrotic 
enteritis was prevented. 

In weaner pig production significant clinical 
problems emerged which created a demand for 
antibiotic-medicated feed at therapeutic dos-
ages. During the subsequent four-year period 
the use of antibiotics increased, involving up to 
75% of the pigs. That use then decreased be-
cause of improved management, and could be 
halved in 1993 followed by a gradual further 
decrease supported by the addition of zinc oxide 
to 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.

It has been shown that under good production 
conditions it is possible to reach good and com-
petitive production results for the rearing of 
poultry, calves and pigs without the continuous 
use of AMGP. As a result of the ban, focus on 
disease prevention and correct use of antimicro-
bials, the total use of such drugs to animals has 
decreased by approximately 65% during the last 
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 
The material and methods are previously pre-
sented (Wierup 2001). An official inquiry has 
presented the scientific base for the ban as re-
quired by the EU Commission (SOU 1997). 
These publications give all significant data and 
references involved. In order to limit this pres-
entation no additional references are included 
apart from main source of recent data (SWARM 
2001).

Results
Broiler production 
The introduction of AMGP in the 1970s almost 
eliminated problems with necrotic enteritis. A 
ban of AMGP was consequently foreseen to 
have clinical consequences due to that disease. 

Efforts including research were undertaken to 
find ways to control necrotic enteritis in the ab-
sence of AMGP. It was concluded that many 
factors such as the construction and climate of 
stables, hygiene, management and feed could 
contribute to the outbreak of necrotic enteritis. 

The results and experiences gained were con-
tinuously implemented. The most important 
change was to reduce the protein content in the 
feed. Cases of necrotic enteritis can today often 
be related to overriding the recommended level 
of protein in the feed. Strong emphasis was 
placed on improving animal environment be-
cause many diseases including necrotic enteritis 
have a multifactorial background. Notably air-
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flow was often inadequate, which affected ani-
mal health negatively. 

The ban was implemented too quickly. Enough 
time to adjust to the new situation was not 
given. About 90% of broiler chickens were 
therefore continuously treated with virginamy-
cin at a dose of 20 ppm during the first year of 
the ban and in 1987 the corresponding treatment 
frequency was 100%. Prior to the ban virgina-
mycin was dosed at 10 ppm. 

During 1987 a two-day treatment with phenoxy 
methyl penicillin in drinking water largely re-
placed the use of virginamycin. The amount of 
antibiotics used for treatment of necrotic enteri-
tis subsequently decreased from about 2 tons of 
virginamycin in 1987 to 100 kg of phenoxy me-
thyl penicillin in 1988. From 1995 the amount 
of antibiotics to prevent or cure outbreaks of ne-
crotic enteritis is negligible, and today tylosin is 
used when outbreaks occur. 

It should be noticed that coccidiostats of the 
ionophore type now used have antibacterial ef-
fects and act prophylactically against necrotic 
enteritis. It is also found that so far the use of 
the ionophores is needed to control outbreaks of 
necrotic enteritis. However, despite this, the 
sanitary situation of broiler chicken rearing 
gained in Sweden would not have been reached 
without the above-mentioned enforcement. 

Contributing to the successful adaptation to the 
new situation in 1986, and to the continuously 
ongoing efforts to improve animal health was 
the creation of a classification system for breed-
ing farms and production farms. A bonus is 
given for good animal management and care. 
The basic allowed population density in chicken 
production is 20 kg/m2. Producers who satisfy 
specified requirements are permitted a limit up 
to 36 kg/m2. The best growers can be rewarded, 
while growers with low standards are forced out 
of business. 

The control of salmonella, started already in 
1970, as well as the efforts to control also the 
intestinal colonisation by campylobacter, started 
in 1987, were certainly also of importance for 
the adaptation. These controls have improved 
the general health situation and also facilitated 

further organised actions. The fact that the poul-
try and especially the chicken producers only to 
a very limited extent have been covered by sub-
sidies and economic guarantees, in contrast to 
other sectors of the animal production is proba-
bly also of importance. They were used to a free 
market situation and had to be responsible for 
their own economy. 

The relatively low number (200) of chicken 
producers at the time of the ban also facilitated 
organised and fast actions. They generally also 
had a relatively uniform production system. 
Their annual production was 37 million chick-
ens. This has increased 100% to 73 million in 
2001 while the producers have decreased to 
175.

Turkey production 
As for the broiler production the AMGP were 
before 1986 used as a prophylactic agent against 
necrotic enteritis. However, no clinical prob-
lems was observed as a result of the ban 

Egg production 
No AMGP were used in egg production at the 
time for the ban, which consequently did not in-
fluence production. Neither is the animals 
treated with coccidiostats during the egg pro-
duction period. Problems with coccidiosis, 
which may occur during the growing stage, are 
usually concentrated to farms where the level of 
animal hygiene is not satisfactory. The avail-
ability of vaccine against coccidiosis has re-
duced the need of coccidiostats in floor raising 
of laying hens. 

Pig production 
Before 1986 practically all piglets were given 
the AMGP, from the start of their feeding period 
until delivery to the finishing units at an age of 
10-12 weeks. Thereafter as finishing pigs, they 
were given AMGP (avoparcin or virginamycin) 
until slaughter at the age of about 7 months. 

The ban on AMGP did not create obvious clini-
cal problems for finishing pigs, which in 1984, 
consumed 7.8 tons of active ingredient of virgi-
namacin. Since 1997 the mean daily weight gain 
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in herds joined to production control systems is 
above 850 grams and not known to be larger in 
countries where AMGP were used. 

However, for the weaner pig production, sig-
nificant problems initially emerged following 
the ban. The postweaning mortality during the 
first year after the ban was significantly higher, 
about 1.5 percentage units compared with 1985. 
Similarly, the age at 25 kg increased by 5-6 
days. An extended rearing period after the ban is 
still also obvious from the National Pig Record 
by which the age of pigs tested at 30 kg in-
creased by about two days from 1986 and on-
wards.

In contrast to the broiler chicken sector, the pig 
sector did not generally continue to use antibiot-
ics on prescription in therapeutic doses. The use 
of olaquindox to weaning pigs was therefore re-
duced by 82% from 1985 to 1986 and by 33% 
from 1985 to 1987. However, more antibiotics 
were later prescribed and the total amount used 
during 1988 and 1989, was 5 to 6% higher than 
in 1985. Considering that the dosage prescribed 
from 1986 was about three times higher than the 
AMGP dosage employed previously, a smaller 
fraction of weaning pigs was treated with 
olaquindox after the ban or 12% in 1986, 55% 
in 1987, 75% in 1988 and 76% in 1989. There-
after the use was continuously reduced and in 
1993 it was 35%. From 1993-94 a further reduc-
tion occurred supported by the introduction of 
zinc oxide (see below). In 1995 the proportion 
of pigs treated with olaquindox was 12%. 

In a study from 1994 it was concluded that the 
prescription of medicated feed to weaning pigs 
was clinically motivated and followed recom-
mended guidelines. It was also found that the 
need for medicated feed differs markedly be-
tween herds depending on housing and man-
agement systems. The production results were 
related to the degree of segregated rearing sys-
tems and the level of hygiene. In herds rearing 
post-weaning pigs on deep litter bedding both 
segregation and degree of hygiene was better 
and the use of antibiotics three to four times 
lower than in herds with pigs in traditional post-
weaning pens. Emerging clinical problems 
could not be prevented through single prophy-
lactic actions. In many cases, more thorough 

changes in production planning and in housing 
were needed. 

Following the AMGP- ban, numerous measures 
are continuously being undertaken to optimise 
the feed and rearing and production system with 
the focus on receiving sectioning, age grouping 
and planned production. New rearing systems 
were created, as weaning of piglet on deep litter 
beds in large groups and a system, which is 
based on production in the same pen from birth 
to slaughter. The adjustment of old buildings to 
improved production system is expensive and 
until this is performed antibiotics are used to 
combat weaning diarrhoea in exposed herds. It 
is also found that the use of antibiotics prevents 
low production results in such herds. 

Veterinary guidelines for prescription of antibi-
otics were developed 1990. It is emphasised that 
prescription should always be accompanied by 
recommendations on prophylactic measures. 
Education of veterinarians and producers was 
followed but intensive education of the pig pro-
ducers and veterinarians on how to prevent 
postweaning diarrhoea started up first during 
1998/99. The motivation at that time increased 
with the decreasing payment to the producer due 
to worldwide overproduction. 

Since the end of 1993 zinc oxide has been used 
to prevent weaning diarrhoea as previously was 
employed in other countries in Europe. Zinc ox-
ide was found to have a preventive effect on 
weaning diarrhoea equal to the effect reached 
when using olaquindox. The use of zinc became 
widespread but due to actions taken the usage 
from 1994 to 1998 decreased by 90%. During 
1998 to 1999 17% of the piglet producers used 
zinc and 5% used antibiotics to weaner pigs. 
The launch of a programme for intensive educa-
tion of producers in implementing optimal man-
agement conditions at weaning has later further 
improved the situation. 

It is evident that the best production result can 
be gained without the use of AMGP. However, 
all herds do not have optimum conditions for 
production. Consequently, certain production 
results seen before the AMGP-ban have still not 
been reached. A comparison of data for 1997 
with those for the first year after the ban reveals 
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post-weaning mortality to have decreased by 1-
2 percentage units and the age at 25 kg to be re-
duced by 3.5- 4.5 days. The losses in these pro-
duction parameters seen after the ban have thus 
not yet been fully recovered on a national base. 
However, the progressive producers report bet-
ter production results than before the ban. 

The relatively slow start in introduction of com-
pensatory actions in the weaner pig production 
compared with broiler production may reflect 
that the pig industry did not anticipated clinical 
problems following the ban. In addition the 
number of the weaner pig producers at the time 
of the ban was large, approximately 10,000 
compared to 200 producers of broiler. 

Specialised beef production 
The use of AMGP in specialised beef produc-
tion had voluntarily more or less come to an end 
before the ban in 1986. Negative clinical or 
other effects as a consequence of the ban have 
not been reported. None of the AMGP used in 
calves is today used as therapeutics. Guidelines 
have been worked out when it is justified to 
treat all calves in a batch instead of individual 
treatments. 

Use of antibacterial drugs 
The total usage of antibacterial drugs to animals 
in Sweden has been regularly studied since 1980 
(Figure 1; Table 1). When AMGP was banned 
the use of antibacterial drugs decreased by 49% 
(24,8 tonnes from 1984 to 1986). During the 
following years the total usage increased but 
was then, during 1988 to 1994, stable at ap-
proximately 30 tonnes per year, a level ap-
proximately 35% below the level before the new 
legislation was introduced. The consumption 
then continuously decreased to 17.3 tonnes dur-
ing 2001, a level approximately 65% lower than 
the usage before the AMGP- ban. This decrease 
is at least of that magnitude when calculations is 
measured by dose units instead of weight of ac-
tive substance. The data are analysed and e.g. 
presented as sales of antimicrobials divided into 
formulations intended for treatment of individ-
ual animals and for group treatment. Defined 
daily dose for cows (DDDcow) has been intro-
duced to facilitate evaluation of data. The possi-
ble influence of the ongoing change in the ani-
mal production (e.g. decrease in pig and in-
crease in poultry) has not been fully evaluated. 
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Conclusion
The results from Sweden have been confirmed 
following in dept evaluations both domestically 
and on an international basis. More recently, re-
sults from withdrawal of AMGP have been re-
ported also from Denmark indicating that the re-
sults are of a more general application. 

A change in attitude towards a more prudent use 
of antimicrobials, including withdrawal of 
AMGP and the implementation of disease pre-
ventive measures, thus can result in a consider-
able decrease in the over all use of antimicrobi-
als. In Sweden that decrease is more than 60% 
and similar results are also reported from Nor-
way and Finland. This decrease should also de-
crease the risk for the emergence of antibiotic 
resistant strains. 

The results also demonstrate that it is possible to 
achieve competitive production result without a 
continuous use of the antibiotics as AMGP. 
However, even if a stopped use of AMGP gen-
erally does not need to be accompanied by in-
creased production costs it is likely that this ini-
tially and to some extent also permanently is the 
case e.g. for the production of broiler and 
weaner pigs. The latter attributes especially to 
investments to optimise the management and 
well fare necessary in the absence of AMGP. 
This is also considered as a positive but chal-
lenging situation when operating in a free mar-
ket.

Motivation of producers and veterinarians to-
wards a more prudent use of antimicrobials 
should be based on education. It also seems to 
be advisable to build up a system with an eco-
nomic incitement for the producer to undertake 
actions. Finally, an ever-ongoing surveillance of 
antibiotic resistance and a control of the usage 
of different antimicrobials, is found necessary to 
enable evaluation of the impact of usage of an-
timicrobials in livestock production. 
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Summary
Most diseases of importance in modern pig pro-
duction are of an infectious nature. Whether in-
fection of an animal causes disease or not, is a 
matter of change in the balance between infec-
tion pressure (load of infection) on one side and 
the immunity of the animal (resistance to the in-
fection) on the other side. Diseases can be con-
trolled 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 measures include changes in man-
agement and housing conditions to eliminate 
known risk factors and/or use of relevant vac-
cines.

Today safe and reliable methods for the eradica-
tion of several infectious diseases exist. The 
method of partial depopulation seems relevant 
for some diseases, whereas total depopula-
tion/repopulation is the only method for other 
diseases.

Optimal bio-security is of crucial importance for 
herds to stay free form new and unwanted infec-
tions. Remote location of farms, closed herds or 
use of quarantine facilities, entry rooms and de-
livery facilities for pigs for slaughter are central 
parameters.  

When farmers want to build new facilities, there 
seem to be relevant production systems that fa-
vour a healthy production. The central words 
are batch production (AI-AO) with a minimum 
of transport and mingling of pigs, e.g. the wean-
to-finish system. 

Introduction 
Control of diseases presents a challenge for pig 
producers and for veterinary advisors through-

out the world. Most diseases of importance in 
modern pig production are of an infectious na-
ture. Whether infection of an animal causes dis-
ease or not, is a matter of change in the balance 
between infection pressure (load of infection) 
on one side and the immunity of the animal (re-
sistance to the infection) on the other side. Thus, 
most if not all efforts to reduce the prevalence 
of disease are by changing this balance in direc-
tion 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 dis-
ease problem, it might not necessarily be the 
most cost-efficient way. Other control measures 
include changes in management and housing 
conditions to eliminate known risk factors 
and/or use of relevant vaccines. Medical treat-
ment of diseased pigs is of course inevitable and 
crucial, whereas in-feed medication as a routine 
control measure no longer seems the be an op-
tion due to the potential risk of developing 
pathogens that are resistant to antibiotics, espe-
cially those that might be a hazard to human 
health.

In the following, focus will be on eradication, 
bio security, change in production systems, en-
vironment and potential new production sys-
tems. 

Eradication 
Three different principles exist for elimina-
tion/eradication of infectious diseases at herd 
level. These are: 

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

2)  Test and removal of infected animals 
3)  Eradication by partial depopulation. 
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The methods 2 and 3 seem only relevant for 
farrow-to-feeder or farrow-to-finish herds, whe-
reas total depopulation seems to be the only 
relevant method for finishing herds. 

1) Total depopulation/repopulation (SPF 
production; SPF = Specific Pathogen Free) The 
SPF concept implies that all SPF pigs are born 
free of some specific infections and are kept 
constantly isolated from other infected animals. 
In Denmark the total depopulation method has 
been widely used since 1968 in the Danish SPF 
system, where herds are free from the following 
infections: 

•  Mycoplasma hyopneumoniae (M. hyo) (en-
zootic pneumonia) 

•  Actinobacillus pleuropneumoniae (A.pp)
(pleuropneumonia)

•  toxigenic Pasteurella multocida (atrophic
rhinitis) 

•  Brachyspira hyodysenteriae (dysentery) 
•  Sarcoptes scabiei (mange) 
•  Hematopinus suis (lice). 

During the first 10-15 years of the Danish SPF 
programme it became obvious that quite many 
SPF herds became re-infected with M. hyo ap-
parently due to airborne spread of the microor-
ganism. As a consequence the so-called „MS“ 
programme was launched in 1982 as a parallel 
to the SPF system. MS herds are identical to 
SPF herds except for infections with M. hyo. In 
year 2001 approx. 3700 herds were 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 MS status. 
These herds produce 75% of all breeding and 
multiplying animals, which are offered for sale. 
The SPF/MS programme has not received equal 
attention among production herds. Approxi-
mately 15% of Denmark’s production herds 
hold an SPF or MS status. Of all pigs slaugh-
tered, 22% are produced in herds participating 
in this health programme. 

Data from the Danish efficiency-control-pro-
gramme (E-kontrol) show, that as a mean the 
productivity (weight gain) is higher for finishing 
pigs from SPF herds (842 g/day) and MS herds 

(831 g/day) that from herds with a conventional 
(unknown) health status (816 g/day) (Jultved, 
2002).

2) Test and removal of infected animals 
This method has been successfully applied in 
Denmark for some respiratory pathogens, e.g. 
Aujeszky’s disease (Pseudorabies). 

3) Partial depopulation 
These procedures include temporary changes in 
the production flow and are usually combined 
with a strategic medication. They are alterna-
tives to restocking with SPF animals: they are 
less expensive owing to reduced production 
losses, and the genetic potential of the breeding 
animals is preserved. These methods have been 
an area of strong interest through the last 10-15 
years in Denmark. Today, reliable methods have 
been developed and tested for diseases like en-
zootic pneumonia (M.hyo) , PRRS, dysentery 
and mange. The estimated success rate of these 
methods is 80-90 %. Reliable methods remain 
to be developed for diseases such as pleu-
ropneumonia (A.pp), porcine proliferative en-
teropathy (Lawsonia intracellularis) and atro-
phic rhinitis (toxigenic Pasteurella multocida). 

In the following the M. hyo infection will be 
used as an example on the experience gained 
with partial depopulation. The great majority of 
the experiences gained have been published in 
case reports, where different procedures have 
been applied in one or a few farms. When esti-
mating the success rate of partial depopulation 
programmes, one might speculate that not all 
the failures 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 partial depopulation is 
very effective when it comes to eradication of 
M. hyo (Zimmermann et al., 1989; Bækbo et al., 
1994). The procedure is based on the fact that 
the spread of M.hyo rarely takes place among 
adults and immune animals. Eradication of M. 
hyo is a fairly simple procedure that consists of 
3 elements: 
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1.  All young animals must be removed from the 
infected herd (piglets, weaners, growers and 
finishers). For a period of at least 14 days, a 
farrowing stop is imposed and only breeding 
animals (sows and boars) older than 10 
months must be present on the farm. 

2. Medication: During the 14-day-period all 
breeding animals are medicated with a suit-
able drug in drinking water or in feed. 

3.  All empty units and pens are cleaned and dis-
infected.

After this down period of at least 14 days, all 
antibiotic medication is ceased and normal pro-
duction is resumed. 

In Denmark, this general procedure has been 
modified in some herds to lower the costs: 

•  The most common change is to leave out the 
stop in farrowings and instead inject the pig-
lets in the farrowing crates (on day 1, 7 and 
14).

•  The relevance of the age limit of 10 months 
has been discussed in Denmark, and a lower 
age (8-9 months) has been applied with suc-
cess in some herds. 

•  Another possibility is to move younger 
breeding animals typically with a high ge-
netic potential to other premises and to medi-
cate them when the youngest pigs have 
reached an age of 10 months. After medica-
tion, they are moved back to the herd of ori-
gin.

It is generally believed that the success rate will 
decrease by decreasing age limit and if the 
eradication procedures are carried out in newly 
infected herds in which the infection is still un-
dergoing the active phase. 

Experience with partial depopulation for eradi-
cation of M. hyo 
In Denmark, the method was originally tested in 
4 medium-sized herds in 1991-95 (140-340 
sows per herd). In these test herds, the success 
rate was 100% (Bækbo et al., 1994). The herds 
were monitored for 2½-4 years by monthly 
clinical inspection and by monthly blood testing 
of 20 blood samples using a highly sensitive 
(93.9 %) and a highly specific (96.2 %) mono-

clonal blocking ELISA commercialised by 
DAKO (Sørensen et al., 1992). Additional 
measures were performed in some of the herds 
(testing of colostrum and blood from sentinels 
together with inspection of lungs at slaughter). 

Today partial depopulation is used as one of 
several routine control options in relevant farms 
in Denmark. Figures for the last 4 years from 
the Danish SPF Company show that 20-30 herds 
per year have carried out a partial depopulation 
programme – nearly all of them with success 
(Lassesen, 2001). The prerequisite for gaining a 
M.hyo free status is monthly clinical examina-
tion for at least 10 months and blood testing 6 
times of 20 pigs with at least one month inter-
val. Based on the experience in Denmark, the 
estimated success rate under field conditions 
seems to be approx. 80-90%. 

Bio-security
At farm level high bio-security is crucial in or-
der to ensure a low risk of reintroduction of the 
infection from external sources. Reintroduction 
can occur by airborne transmission from an in-
fected neighbour farm, by infected replacement 
stock or by dirty visitors and trucks. 

As for the geographic location of the herd, and 
thereby the risk of airborne transmission, most 
data is available for the M. hyo-infection. A 
Danish study shows that the distance to the 
nearest non-SPF herd, the distance to the nearest 
large non-SPF herd and the purchase of re-
placement stock from more than one herd per 
year are significant risk factors for reinfection 
with M.hyo (Thomsen et al., 1992). Based on 
the study, it is possible to estimate the possibil-
ity for a herd to avoid infection with M.hyo for
one more year as a function of the three risk fac-
tors. As an 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 status for one year more is 
0.97.

Today this information is implemented in a 
geographical information system (GIS), a data-
base with information about all swineherds in 
Denmark. This system identifies a farm by two 
coordinates, which can be interpreted as (x,y)-
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coordinates (Mortensen & Ydesen, 1998) . The 
database contains information of the herd size 
and the health status of each herd with respect to 
Danish SPF diseases. The GIS can be used to 
print maps of herds in an area, and the herd-
specific 1-year probability of survival as an 
M.hyo free herd is automatically calculated for 
the herd in question. 

Farms should be closed and new genes should 
only by introduced by A.I.. Should that not be 
possible, quarantine facilities ought to be avail-
able for replacement stock. Data from the Dan-
ish SPF Company shows that out of 222 farms 
using quarantine facilities only 6% were in-
fected by new pathogens in one year, whereas 
41% out of 499 farms not using quarantine fa-
cilities were infected (SPF-Company, 2000-
2001).

At farm level the only entrance to the farm 
should be through an entry room with change of 
clothes and boots. Empty, clean and disinfected 
trucks should be used when transporting the 
pigs from the farm. If this is not possible, spe-
cial delivery facilities must be established at the 
farm. When loading the pigs onto the truck, 
these facilities must be closed off from the rest 
of the farm, and after dispatch they must be 
cleaned and disinfected in a way that do not 
jeopardize the safety of the herd. 

Change in production system 
Production systems with a continuous flow of 
finishers are regarded as a risk factor for respi-
ratory diseases, and therefore AI-AO production 
(batch production) is usually highly recom-
mended. Most new farms in Denmark apply the 
AI-AO production system today, either as an 
on-site facility or as a multi-site operation. 

Meanwhile, data from a five-year Danish re-
search project demonstrate that AI-AO as on-
site production systems is not always a reliable 
method for reducing the prevalence of pigs with 
pneumonia (Anonymous, 2000). Often pigs are 
infected in the farrowing crates or in the wean-
ing unit, and airborne transmissions of patho-
gens occur between on-site compartments of the 
finishing units. More segregated production sys-
tems like multi-site offer a number of advan-

tages mainly through a break in the infection 
chain from dam to offspring. But partly because 
of a minimum weaning age of 3 weeks in the 
European Union not all batches of finishers will 
be free form pulmonary lesions due to M.hyo or
A.pp.. A Danish study showed that among fin-
ishers coming from infected sow units only one 
out of two batches is free from M.hyo and one 
out of three batches is free from A.pp. (Busch et 
al., 2000). 

Whereas to some extent traditional AI-AO sys-
tems seem to control respiratory diseases, new 
epidemiological studies in Denmark indicate 
that this production system has a higher poten-
tial for controlling infectious enteric diseases 
(Stege et al., 2001). Consistent batch production 
was shown to be associated with a reduced 
prevalence of Lawsonia intracellularis and 
weak betaheamolytic spirochetes (OR: 0.43 and 
0.06, respectively). 

Environment
Not only batch production can reduce the preva-
lence of enteric diseases, but the level of hy-
giene is also very important. A Danish epidemi-
ological study looking for risk factors for use of 
antibiotics in the production of finishers, 
showed a high risk for oral treatment (flock 
treatment) in herds that never clean up between 
batches (RR: 4.76) (Nielsen et al., accept.). To-
gether with a high level of hygiene, drying out 
of the facilities between batches is very essen-
tial. Desiccation is detrimental to nearly all 
pathogens and a dry environment reduces cold 
stress on the pigs. 

Epidemiological studies and experimental stud-
ies point out poor air quality as a risk factor for 
the severity of respiratory disease problems 
(Bækbo, 1998). Clearance studies clearly impli-
cate that dust and ammonia inflict on the normal 
clearance capacity of the lungs and upper air-
ways.

Several studies find an overall correlation be-
tween the indoor carbon dioxide concentration 
and most air contaminants (Bækbo, 1989). 
Thus, high levels of carbon dioxide mean high 
levels of dust, ammonia, microorganisms and 
endotoxins. As the level of carbon dioxide is re-
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lated to the ventilation rate of a building - low 
levels indicating a high ventilation rate - the 
carbon dioxide level must be regarded as a very 
good indicator of air quality as well as ventila-
tion efficiency. An efficient air change is there-
fore crucial for maintaining a good air quality 
and an optimal health. 

Production systems for the future? 
Most segregated production systems, including 
multi-site, have some negative consequences for 
the pigs. Due to transportation and mingling of 
the animals, the pigs are stressed causing an im-
pairment of their immune system. So another 
way of improving health, apart from interrupt-
ing the chain of infection, is to reduce the strain 
on the pigs (no transport and mingling) and 
thereby to increase their resistance to infections 
(Ekkel, 1996). Management systems where pigs 
are reared in the same pen from farrow-to-finish 
(FTF) or in the same pen from wean-to-finish 
(WTF) yield a break in the infection transmis-
sion and reduce the stress of the pigs due to 
minimised movement as well as mingling of the 
pigs. Experience from USA with the WTF con-
cept and research from Holland and Sweden on 
the FTF concept seem to show a big potential 
for increased health and productivity adopting 
these production systems. 

FTF and WTF in a comparative study 
To validate the potential for controlling respira-
tory diseases in pigs produced by FTF on-site or 
by WTF in a two-site system, a comparative 
study has been performed in Denmark (Bækbo 

et al., 2000). The study was carried out on two 
commercial farms (A & B) over a three-year-
period, where farm B housed the off-site WTF 
facility. All pigs participating in the study came 
from a farrow-to-finish herd with 600 sows 
(farm A) chronically infected with M. hyo. and 
A.pp.. Clinical signs of pneumonia and pleu-
ropneumonia were distinct among growers and 
finishers. The study included one control group 
and two treatment groups. 

The study showed that the prevalence of pigs 
with M.hyo associated pneumonia at slaughter 
was significantly lower in the FTF group as well 
as in the WTF group compared to the control 
group (Table 1). The same difference was re-
vealed when looking on the extent of the pneu-
monic lesions. As for pleuropneumonia, the 
control group and the WTF group hardly had 
any, whereas 20 % of the pigs in the FTF group 
showed this disease at slaughter. Pleuritis was 
significantly low in the WTF group, whereas the 
control group and the FTF group did not differ. 

Concurrently with the increase in health of the 
FTF and WTF groups a significant and remark-
able improvement in productivity was revealed 
(Pedersen et al., 2000). The daily weight gain 
from wean to slaughter increased by 47 g and 98 
g for the FTF and WTF groups, respectively, 
compared to the control group (table 2). Thus 
the WTF pigs reached marked weight 16 days 
earlier than the traditional reared pigs, while the 
FTF animals were slaughtered 10 days earlier. 
The mortality of pigs from weaning to slaughter 
was significantly lower in the WTF group than 
in the two other groups. 

Table 1. Prevalence of pathological pulmonary lesions at slaughter of pigs from random sam-
ple of 3 pigs per litter (Comparative study of FTF and WTF (Bækbo et al., 2000)) 

 Control FTF WTF 

Number of replica 6 6 4 
Number of pigs 185 236 121 
Pneumonia (MIRD)  39 % 4 % 2 % 
Extent of pneumonia  (volume ) 8.7 % 4.4 % 2.3 % 
Pleuropneumonia 2 % 20 % 0 % 
Pleuritis 64 % 72 % 1 % 
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Table 2. Productivity (Comparative study of FTF and WTF (Pedersen et al., 2000)) 

 Control FTF WTF 
Number of replica 6 6 4 
Number of pigs 698 760 875 
Mortality, wean-finish 4.8 % 5.4 % 1.7 % 
Daily gain, growers (7-30 kg) 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 slaughter (100 kg) 165 days 155 days 149 days 

Even though a sow herd is infected, the FTF 
system as well as the off-site WTF system 
seems to be able to eliminate enzootic pneumo-
nia. Together with elimination of the lung dis-
eases, a positive effect is obtained on the pro-
ductivity of the pigs with significantly fewer 
days to market. 

Additional value of the FTF and WTF systems 
is several. Due to less transportation and min-
gling the systems are more animal friendly en-
suring a higher level of animal welfare. The lo-
gistics of the systems are simpler and as they 
imply less movement of pigs and less work for 
cleaning of the facilities, the systems are more 
people-friendly too. 

The FTF and the WTF systems therefore seem 
to be one of the central keys to a healthy pig 
production in the future. Today more and more 
farms in Denmark establish WTF systems, 
whereas the FTF system seems of little interest 
to the Danish pig producers. 

Conclusion
It can be concluded that today safe and reliable 
methods for the eradication of several infectious 
diseases exist. The method of partial depopula-
tion seems relevant for some diseases, where as 
total depopulation/repopulation is the only 
method for other diseases. 

Optimal bio-security is of crucial importance for 
herds to stay free form new and unwanted infec-
tions. Remote farm location, close herds or use 
of quarantine facilities, entry rooms and deliv-

ery facilities for pigs for slaughter are central 
parameters. 

Today, when farmers want to build new facili-
ties, there seem to be relevant production sys-
tems that favour a healthy production. The cen-
tral words are batch production (AI-AO) with a 
minimum of transport and mingling of pigs, e.g. 
the WTF system. 
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Summary
In the present paper, it is described how changes 
in management practises such as lighting pro-
grammes, feeding strategies and broiler hybrids 
affect walking ability and skin health of com-
mercially grown broilers. 

Introduction 
After the termination of the use of antibiotic 
growth promoters (AGP) and meat and bone 
meal (M&B) in the late nineties, the broiler in-
dustry has been struggling with leg and skin 
problems that may compromise broiler welfare 
(Sanotra et al., 2001; Sørensen et al., 2002). It 
has never been documented, however, that the 
exclusion of AGP and M&B from broiler diets 
has played a major role in the development of 
leg problems and deteriorated skin health. Nev-
ertheless, in our aim to improve food safety, we 
may have induced animal health and welfare 
problems that compromise consumer acceptance 
of poultry meat. 

Methods
The etiology of leg and skin problems is multi-
factual, but may to some extend be related to 
several management practises (Thorp, 2000; 
Ekstrand et al., 1998). In this presentation, re-
sults are described from either small-scale or 
large scale-experiments with different manage-
ment procedures. The experiments were per-
formed on commercial broiler farms. 

Walking ability was determined with the gait 
score method (Kestin et al., 1992) using a scale 
from 0 to 5. Birds without detectable gait ab-
normalities were given score 0. Score 5 was 
given to birds that were unable to walk. For the 
assessment of foot-pad health, one foot per bird 
were scored for the occurrence of podo dermati-

tis, using a scale from 0 to 2, as described by 
Ekstrand et al. (1998). Score 0 was given to feet 
without any discolouration or burns, while score 
2 was given to feet with severe lesions. More-
over, skin health was determined through the 
occurrence of carcasses with skin injuries. 

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, the mean gait 
score of a broiler flock tended to decrease 
through a change in light programme from 2 
hours of darkness per day to a light programme 
with 8 decreasing to 3 hours of darkness per day 
(Petersen, 2002a). 

However, light programmes with long dark pe-
riods, increased the number of birds that were 
rejected at slaughter because of skin injuries. 
Furthermore, with long dark periods, the num-
ber of birds with foot-pad burns was increased 
(Petersen, 2002a). The foot-pad score could be 
significantly decreased by changing litter mate-
rial from chopped wheat straw to wood shavings 
(Petersen, 2002b). 

Hence, changes in management practises may 
decrease leg problems and improve skin health 
in broilers. 
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Summary
Addition of organic acids to piglet/pig diets, and 
feeding fermented liquid feed (FLF) are two 
feeding strategies evaluated as alternatives to 
antibiotic growth promoters. The effects of 
these strategies on gastrointestinal ecology and 
animal growth performance do not always point 
at the same direction. The previous makes it 
crucial to look at the effect on each parameter 
separately. Organic acids have different effects 
on gastrointestinal ecology depending on the 
acid used and the dose applied. However, in ge-
neral, they tend to decrease pH in the stomach, 
and reduce the number of micro organisms 
along the gastrointestinal tract (GI-tract). An 
exception is lactic acid, which increases the 
density of lactic acid bacteria and yeasts. The 
effect on growth performance is not always con-
sistent and depends also on the acid used and 
the dose applied, but, in general, organic acids 
increase or tend to increase performance. Fer-
mented liquid feed affects the gastrointestinal 
ecology by decreasing the gastric pH, increasing 
the numbers of lactic acid bacteria and yeasts 
(especially in the proximal GI-tract), and de-
creasing the number of coliform bacteria. So, 
feeding FLF results in a more healthy/robust GI-
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 perfor-
mance, there are not many data available, but 
feeding FLF does not seem to improve perform-
ance compared to feeding dry feed. Modifica-
tions in the elaboration of FLF to improve 
growth performance by avoiding a microbial 
degradation of synthetic amino acids, like fer-
menting only the grain, or by avoiding a too low 
pH in the feed that might decrease feed intake 
are some of the aspects that need further inves-
tigation.

Introduction 
The ban of most antibiotic growth promoters 
(AGP) in Europe and the total stop in the use of 
all AGP in Denmark has resulted in an intensive 
search for alternative feeding-strategies in pig 
production during the last five years. Among 
other strategies, the addition of organic acids to 
the feed and feeding fermented liquid feed 
(FLF) have been investigated and have given 
promising results. Optimal alternative feeding-
strategies would be those that result in high 
health status and high growth performance of 
the animals. However, experience has shown 
that both parameters do not always follow each 
other. Therefore, it is necessary to describe and 
discuss the effects of these feeding strategies on 
pig health and pig growth performance sepa-
rately. 

Organic acids 
Organic acids have been used for decades in 
feed preservation, protecting feed from micro-
bial and fungal destruction or to increase the 
preservation effect of fermented feed, e.g. si-
lage.

An important objective of dietary acidification 
is the inhibition of intestinal bacteria competing 
with the host for available nutrients, and a re-
duction of toxic bacterial metabolites, e.g. am-
monia and amines, thus improving growth per-
formance of the host animal. Furthermore, the 
growth inhibition of potential pathogenic bacte-
ria and zoonotic bacteria, e.g. E. coli and Sal-
monella, in the feed and in the GI-tract benefits 
animal health. 
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Mode of action 
The antibacterial activity of organic acids is re-
lated to the reduction of pH, as well as their 
ability to dissociate, which is determined by the 
pKa-value of the respective acid, and the pH of 
the surrounding milieu. Organic acids are lipid 
soluble in the undissociated form, in which they 
are able to enter the microbial cell. Once in the 
cell, the acid releases the proton in the more al-
kaline environment, resulting in a decrease of 
intracellular pH. This influences microbial me-
tabolism inhibiting the action of important mi-
crobial enzymes and forces the bacterial cell to 
use energy to release protons, leading to an in-
tracellular accumulation of acid anions (Russell, 
1992). The acid anion seems to be very impor-
tant regarding the antibacterial effect of organic 
acids and their salts. Several investigations have 
shown a strong bactericidal effect of organic ac-
ids without significantly decreasing the pH-
value in the GI-tract. 

Effect on gastrointestinal ecology 
In the following, we will mainly describe and 
discuss results on lactic acid, formic acid and 
benzoic acid. The reason for it is that those are 
the acids we have worked most with. 

pH and organic acids along the GI-tract 
Data on the effect of addition of organic acids to 
the diet on pH and organic acid concentration in 
the GI-tract are not consistent. The results vary 
with the acid used and the doses applied. 

Addition of 2.8% lactic acid to a weaner diet re-
sulted in lower pH values in the stomach, 
caecum and colon of piglets, whereas addition 
of 0.7% and 1.4%, although decreased the pH 
values along the GI-tract, did not result in sig-
nificant differences compared to the control 
(Maribo et al., 2000a). Similarly, addition of 
1.4% formic acid to a weaner diet decreased the 
pH in stomach, whereas a dose of 0.7% de-
creased the pH only numerically (Maribo et al., 
2000a). Canibe et al. (2001) could not detect a 
significant effect of 1.8% Formi (dipotassium 
formate) on pH along the GI-tract of piglets. 
Benzoic acid (2%) or a combination of 0.7% 
lactic acid and 0.7% formic acid did not affect 

the pH along the GI-tract of piglets (Maribo et 
al., 2000b). 

Doses of lactic acid between 0.7% and 1.4% re-
sulted in higher concentrations of lactic acid in 
the stomach and proximal small intestine, but 
the differences were not significant in all cases. 
When 0.7% or 1.4% formic acid was added to 
weaner diets the acid was detected at higher 
concentrations than the control only in the 
stomach, which suggests that formic acid was 
absorbed or degraded in the proximal small in-
testine (Maribo et al., 2000a). Similarly, formic 
acid, benzoic acid and sorbic acid were only de-
tectable in the stomach of piglets fed diets 
added 1% of Formi, benzoic acid or sorbic acid, 
respectively (Canibe et al., unpublished). How-
ever, when a dose of 1.8% of Formi was added 
to a weaner diet or 1.8% formic acid was added 
to a grower diet, formic acid was detected at 
significantly higher concentrations in the stom-
ach and the whole small intestine of the animals 
fed the acid-added diets (Canibe and Jensen, 
2001; Canibe et al., 2001). The previous indi-
cates that the doses used influence the concen-
tration of the acid along the proximal GI-tract. 
The data further show that the added acids are 
only detected in the proximal GI-tract, and 
therefore, their direct effect on microbial ecol-
ogy is expected in these segments. 

The effect of organic acids on the concentration 
of short chain fatty acids is variable, resulting in 
higher levels in the caecum and colon in some 
cases, lower in others or without effect in others 
(Maribo et al., 2000a; 2000b; Canibe and Jen-
sen, 2001; Canibe et al., 2001). 

Microbial populations 
Lactic acid (from 0.7% to 2.8%) tended to in-
crease the number of lactic acid bacteria and 
yeasts, and to decrease the number of coliform 
bacteria along the GI-tract (Maribo et al., 
2000a). The higher the dose the larger the ef-
fect. Formic acid (1.4%, 1.8%) decreased the 
density of lactic acid bacteria, coliform bacteria 
and, as opposed to lactic acid, yeasts along the 
GI-tract of piglets and growers (Maribo et al., 
2000a; Canibe and Jensen, 2001). Benzoic acid 
at a concentration of 2%, decreased the number 
of lactic acid bacteria, coliform bacteria and 
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yeasts along the GI-tract (Maribo et al., 2000b). 
Formi, benzoic acid and sorbic acid (1%) did 
not significantly affect the number of lactic acid 
bacteria, enterobacteria or yeasts along the GI-
tract of piglets. However, numerically lower en-
terobacteria and yeasts densities were measured 
in the piglets fed the acids compared to the con-
trol group (Canibe et al., unpublished). 

In order to screen various organic acids for their 
anti-bacterial effects in gastrointestinal contents 
and thereby find candidates to replace antibiotic 
growth promoters in feed for pigs/piglets, a 
batch culture system was established to simulate 
the conditions in the stomach (Knarreborg et al., 
2002). The effect of various organic acids on 
growth/survival of lactic acid bacteria and coli-
form bacteria was tested. The anti-microbial ef-
fect 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 bacteria were unable to grow in stom-
ach content at the investigated pH. Benzoic acid 
and fumaric acid showed the strongest antibac-
terial capacity against coliform bacteria, and 
they were able, as the only ones, to kill lactic 
acid bacteria. A pH-dependent inhibition of bac-
terial growth has been demonstrated; at the 
same organic acid concentration, the lower the 
pH the strongest the antibacterial effect (data 
not shown). 

Growth performance 
The effect of organic acids on performance 
shows, in general, increase growth performance 
or tendencies for it. Addition of 0.7% lactic acid 
+ 0.7% formic acid or 1-2% benzoic acid im-
proved growth performance of piglets compared 
to a control diet (Maribo et al., 2000b), the same 
was the case when doses of 0.8-1.6% lactic acid 
(Maribo 1999), or 2% sorbic acid (Maribo and 
Olsen, 1999) were added. The positive results 
cannot always be found, as was the case for 
doses between 0.7% and 2.8% lactic acid, which 
did not show any significant effect on growth 
performance of piglets (Maribo et al., 2000a). 
Doses of 0.7% or 1.4% formic acid did not 
show an improved growth performance in pig-
lets (Maribo et al., 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 pigs is a practice that has been 
applied for many years. Some of the characteris-
tics of liquid feed related to its effects on gastro-
intestinal ecology and the potential use of co-
products from the food industry in its elabora-
tion have made liquid feed a subject of interest 
in the scientific world. Fermented liquid feed 
has and is being evaluated in the search for al-
ternatives to antibiotic growth promoters and for 
alternative use of co-products from the food in-
dustry.
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From the moment dry feed and liquid are mixed, 
there is a risk/chance that fermentation occurs. 
It has been shown that lactic acid bacteria and 
yeasts naturally occurring in cereal grains will 
proliferate and produce lactic acid, acetic acid 
and ethanol and reduce pH if the feed is soaked 
in liquid for a certain length of time. The pres-
ence of lactic acid bacteria in the GI-tract is 
considered beneficial to the animal. High lactic 
acid concentrations and low pH in the stomach 
of pigs are also desired because they are be-
lieved to improve protein hydrolysis, and pre-
vent the proliferation of pathogens (e.g. entero-
bacteria such as coliforms and Salmonella). 
From the previous it can be concluded that the 
characteristics of FLF, if also found in the GI-
tract, makes it an attractive feed strategy for 
pigs. However, it is crucial to understand the 
course of the fermentation if the best results are 
to be obtained. 

Elaboration and characteristics of fermented 
liquid feed 
Studies carried out in our laboratory to deter-
mine the optimal temperature, soaking time and 
amount of residue to be left in the fermentation 
tank, showed that a temperature in the fermenta-
tion tank of 200C, a soaking time of 8 hours and 
a residue of 50% result in FLF with maximum 
pH values of 4.5 (considered as the maximum 
pH value if the growth of enterobacteria is to be 
inhibited), low levels of coliform bacteria, high 
levels of lactic acid bacteria and yeasts, and 
high levels of lactic acid (Jensen and Mikkelsen, 
1998). Results from these studies showing the 
pH course with fermentation time are presented 
in Figure 2. It can be seen that when fermenta-
tion is initiated, a period of 3-5 days is needed 
to reach a steady-state. Figure 3 shows that to 
reach pH values below 4.5, a temperature of 
200C is required if the soaking time is 8 hours 
and the residue 50%. Figure 4 shows the impor-
tance of reaching a steady state when the fer-
mentation is initiated. During the first hours of 
fermentation, the number of lactic acid bacteria 
increases, but concomitantly there is a bloom of 
enterobacteria. After 3 days the further increase 
of lactic acid bacteria and lactic acid concentra-
tion coincides with a drop in pH (below 4.5) and 
the counts of enterobacteria. 
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Results from our laboratory regarding microbi-
ological characteristics of dry feed, non-FLF 
(feed and water mixed in a bucket, a sample 
taken and analysed within 2 hours, that is, 
maximum fermentation time of 2 hours), and 
FLF (200C, 8 or 16 hours, 50% residual left in 
the tank, and steady state has been reached) are 
shown in Table 1. The values show a ~560- fold 
increase in the number of lactic acid bacteria in 
the non-FLF (which in fact was partially fer-
mented), but more importantly, a ~30-fold in-
crease of coliform bacteria compared to dry 
feed. The relatively high microbial activity in 
the non-FLF is probably due to the presence of 
feed residues in the bucket, which acted as a 
„starter culture“. Further fermentation results in 
inhibition of coliform bacteria, and the appear-
ance of other desirable characteristics men-
tioned above (high lactic acid, low pH, and high 
counts of lactic acid bacteria). The chemical 
composition of the three diets elucidates some 
differences between them, especially regarding 
a decrease of carbohydrate contents (mainly low 
molecular weight sugars) as fermentation pro-

gresses. Lysine content seems to decrease with 
fermentation, too (data derive from only 4 sam-
ples and the variation is high). Pedersen (2001) 
has also reported a disappearance of free lysine 
in FLF. 

Effect on gastrointestinal ecology 
There is agreement in data from the literature on 
the effect of FLF on gastrointestinal ecology of 
pigs.

pH and organic acids along the GI-tract 
Feeding FLF lowers the gastric pH to values of 
4 or less (Jensen and Mikkelsen, 1998; Canibe 
and Jensen, 2000; van Winsen et al., 2001), 
which is probably due to the high concentration 
of lactic acid measured at this site in pigs fed 
FLF. Low gastric pH and high levels of lactic 
acid are desirable since these two factors inhibit 
the growth of enteropathogenic bacteria such as 
coliform bacteria and Salmonella. No apparent 
effects of FLF on large intestinal pH have been 
detected.

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 NMc - 5.98±0.18 21 4.36±0.17 24
Lactic acid bacteria (200C) <4.3±0.86 11 7.2±0.59 19 9.4±0.32 23 
Lactic acid bacteria (370C) 4.3±0.48 12 <6.9±0.71 21 9.4±0.23 24 
Enterobacteria <4.7±1.10 12 6.2±0.59 21 <3.2±0.56 24 
Yeasts (200C) <3.6±0.59 11 5.0±0.65 20 6.9±0.69 22 
Yeasts (370C) <3.3±049 12 <3.4±0.60 21 <4.3±0.92 22 
Lysine 6.00±0.51 2 5.82±1.14 3 4.80±0.87 3 
LMW-sugarsa 3.60±0.13 2 2.85±0.58 3 0.08±0.06 3 
Starch 46.0±0.90 2 46.8±1.68 3 46.5±2.42 3 
T-NSPb 12.72 1 13.26±0.73 2 11.74±0.00 2 

 a Low molecular weight-sugars.  
b Total non-starch polysaccharides.  
c Not-measured. Values are means with their standard deviation. 



140

The concentration of organic acids along the GI-
tract, especially that of lactic acid, is affected by 
feeding FLF. Piglets fed FLF had higher con-
centration of lactic acid in the stomach and 
proximal small intestine and higher concentra-
tion of acetic acid in the caecum and colon than 
those fed non-FLF (Jensen and Mikkelsen, 
1998; Scholten et al., 2002). Similarly, a higher 
concentration of lactic acid was measured in the 
proximal GI-tract of growing pigs fed FLF com-
pared to those fed dry feed or non-FLF (Canibe 
and Jensen, 2003). As shown by Jensen and 
Mikkelsen (1998) and Canibe and Jensen 
(2003), higher concentration of lactic acid in the 
stomach coincides with a lower production of 
lactic acid in vitro. This suggests that the higher 
concentrations of lactic acid in the stomach can 
be attributed exclusively to a microbial fermen-
tation in the feed and not to a microbial produc-
tion in the stomach. 

Microbial populations 
Higher counts of lactic acid bacteria in the 
proximal segments of the GI-tract of growing 
pigs fed FLF (Jensen and Mikkelsen, 1998; 
Canibe and Jensen, 2000) can be due to the 
higher density of these micro organisms in the 
FLF compared to dry feed. Whether they are ac-
tive in the GI-tract or only transient has not been 
elucidated. Feeding FLF decreases the density 
of lactic acid bacteria in the distal GI-tract, 
which could be partially explained by a decrease 
of substrate available to these micro organisms. 
As shown in Table 1, FLF contained less carbo-
hydrates than dry feed. An important character-
istic of feeding FLF is a decrease in the popula-
tion of coliform bacteria in the GI-tract of pig-
lets, which is beneficial because it can help di-
minishing weaning scours. Another enteropa-
thogenic bacteria shown to be affected by 
feeding FLF is Brachyospira hyodysenteriae, 
which causes swine dysentery by colonising the 
large intestine of growing pigs. A study carried 
out by Lindecrona et al. (2000) showed lower 
incidence of swine dysentery and severity of 
clinical symptoms in pigs fed FLF as compared 
to those fed dry feed. Changes in the gut micro-
biota and/or biochemical environment were 
proposed as a possible explanation. In agree-
ment with the latter, the results of Højberg et al. 
(2001) showed lower fermentation capacity in 

the large intestine of pigs fed FLF compared to 
those fed dry feed, and Leser et al. (2000) de-
tected changes in bacterial community structure 
in the colon of pigs as a result of feeding FLF. 

Higher density of yeasts has been observed in 
the GI-tract of piglets fed FLF compared to 
those fed non-FLF (Jensen and Mikkelsen, 
1998; Scholten et al., 2002). Due to the presence 
in the FLF of high numbers of yeasts that grow 
at 200C but not at 370C, a large part of the 
yeasts are probably not active in the GI-tract. 
Yeasts can be considered as beneficial to the 
animal because they can bind pathogens and 
impede their attachment to the intestinal wall, or 
as detrimental since yeasts can cause disease in 
pigs. Further studies are needed to elucidate this 
point.

Growth performance 
Piglets fed FLF had a higher feed intake and 
body weight gain than those fed dry feed (Rus-
sell et al., 1996). On the other hand, Pedersen 
(2001) observed higher growth performance in 
piglets fed non-FLF compared to those fed FLF 
or the same diet supplied as dry feed. Degrada-
tion of synthetic lysine in the FLF was sug-
gested to be the main cause of the lower growth 
performance of the animals fed FLF. A too low 
pH of the FLF resulting in unpleasant taste for 
the animals could also be a reason for the lower 
feed intake. The piglets in the study of Pedersen 
(2001) were fed a dry diet the first two weeks 
post-weaning and after that they were offered 
the non-FLF and FLF. In order to obtain the 
best results of feeding FLF, it would have been 
better to offer the piglets the experimental diets 
from the first day postweaning. Furthermore, 
studies on the effect of feeding FLF in farms 
with health problems lack. Such studies would 
supply crucial information on the advantages of 
feeding FLF. Growing-finishing pigs fed non-
FLF had also higher feed intake and daily body 
weight gain than those fed FLF (Canibe and 
Jensen, 2003). In order to avoid the degradation 
of the synthetic lysine, a strategy was tested 
which consisted of fermenting only the grain, 
which was mixed with the remaining ingredi-
ents (including the synthetic amino acids) im-
mediately before feeding. This strategy resulted 
in higher growth performance of heavy pigs 
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compared to feeding non-FLF (Pedersen et al., 
2002a). Further studies where all the dietary in-
gredients were fermented except the mineral 
mixture including the synthetic amino acids had 
negative effects on growth performance of 
growing-finishing pigs, probably due to low pH 
of the feed (4.2-4.3) (Pedersen et al., 2002b; 
2002c). Investigations on the effect of extent of 
fermentation on lysine concentration and on 
feed intake will be carried out in the near future. 
Also, offering the animals liquid feed already 
during the weaning period is a strategy that 
needs investigation. 

Conclusion
Addition of organic acids to the diet results in 
variable effects on gastrointestinal ecology of 
piglets and pigs depending on the acid used and 
the doses applied. The pH along the GI-tract 
tends to be lower after addition of organic acids 
but often the effect is not significant. In general, 
organic acids decrease the density of bacteria 
along the GI-tract. However, the number of 
yeasts are 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 proxi-
mal segments of the GI-tract (stomach and small 
intestine) which suggests that they are absorbed 
or degraded in these segments. Growth per-
formance is, in general, positively affected by 
addition of organic acids, although with variable 
results, again depending on the doses and acid 
used.

Fermented liquid feed is a clear appropriate al-
ternative to antibiotic growth promoters regar-
ding gastrointestinal health (i.e., low pH in the 
stomach, high concentration of lactic acid, low 
number of coliform bacteria). However, growth 
performance is not improved when FLF is fed 
compared to dry feed, and it can be worsened 
compared to feeding non-FLF. Feed taste, low 
pH and a possible degradation of synthetic ly-
sine as a result of fermentation could be the rea-
son for the negative results observed when feed-
ing FLF. Fermenting only the grain has shown 
improved growth performance. These aspects 
require further investigations. Moreover, feed-
ing piglets with non- FLF/FLF from the wean-
ing period is a strategy that is worth studying. 
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Abstract
With the rise in antibiotic resistance and the 
subsequent removal of antibiotics from pig feed 
there is a need to identify alternatives, which 
can reduce the incidence of diarrhoea caused by 
pathogenic bacteria such as Escherichia coli and 
that can reduce the incidence of zoonotic bacte-
ria such as Salmonella enterica. Optimal alter-
native feeding-strategies would be those that re-
sult in as well high health status as high growth 
performance at the same time, however that is 
not always easy to achieve. Several studies have 
shown that the composition and processing of 
the feed are of great significance to maintain a 
healthy gastrointestinal ecosystem in slaughter 
pigs and decrease the numbers of pathogenic 
Enterobactericea (i.e. E coli and Salmonella).
Especially the use of coarsely ground meal feed 
as well as the use of barley has been shown to 
reduce the occurrence of pathogenic enterobac-
teria significantly. However the use of these two 
feeding strategies causes a reduction in the pro-
duction results, especially feed conversion. 

Coarsely ground meal favours the growth of an-
aerobic bacteria, especially lactic acid bacteria, 
in the stomach of the pigs. The reason for this is 
at present unknown, but an increased microbial 
activity leads to an increased production of lac-
tic acid and other organic acids and a lover pH 
in the stomach. Consequently, enteric bacteria 
like Salmonella and E coli are killed in the 
stomach and do not enter the parts of the gastro-
intestinal tract in which they will normally pro-
liferate. In this way, the stomach acts as a bar-
rier breaking the vicious circle where animals in 
problematic herds infect each other and are re-
infected through consumption of faeces. These 
results are supported by in vitro studies that 
show a high negative correlation between undis-

sociated lactic acid and the survival rate of En-
terobactericea in stomach content. 

Introduction 
The total stop in the use of antibiotic growth 
promoters in Denmark has resulted in an inten-
sive search for alternative feeding-strategies in 
pig production during the last five years. 
Among other strategies feed composition, feed 
processing and the use of probiotics and prebiot-
ics have been investigated. Optimal alternative 
feeding-strategies would be those that result in 
as well high health status as high growth perfor-
mance at the same time, however that is not al-
ways easy to achieve. As a consequence , both 
parameters will be discussed in the following, 
although with focus on how to improve the 
health status of the animal.

How does growth promoting antibiotics work? 
Inclusion of growth promoting antibiotics into 
pig feed improves live weight gain by 5-6% and 
feed conversion efficiency by 3-4%. The me-
chanism by which growth promoting antibiotics 
improve growth performance is not known with 
certainty, but several hypotheses have been pro-
posed, most of which involve the gastrointes-
tinal microbiota. Although statistically signifi-
cant differences in growth rate have never been 
well correlated with differences in bacterial 
counts, either in specific intestinal segments or 
in the gastrointestinal as a whole, several inves-
tigations have shown that growth-promoting an-
tibiotics do produce significant changes in the 
gastrointestinal microbiota and the activity of 
the microbiota (Jensen, 1998). The results 
strongly indicate that the growth promoting an-
tibiotics accomplish their effect in the small in-
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testine while they have little or no effect in the 
large intestine. It is generally accepted that the 
microbiota in the small intestine competes with 
the host animal for easily digestible nutrients 
and at the same time produces toxic compounds. 
Experiments with slaughter pigs have shown 
that as much as 6% of the net energy in the pig 
diet could be lost due to microbial fermentation 
in the small intestine. On the other hand, the mi-
crobiota in the hindgut is believed to have a 
beneficial effect on the host animal since it pro-
duces energy by fermentation of feed material 
that has escaped digestion in the small intestine. 
Jensen et al. (1998) have calculated that on a 
normal Danish pig diet, 16.4% of the total en-
ergy supply for slaughter pigs is achieved by 
microbial fermentation in the hindgut. 

Alternatives to antibiotic growth promoters 
Feed composition 
Probably the single most important control for 
microbial ecosystem in the gastrointestinal tract 
(and as such on animal health) of pigs is the 
amount and type of substrate available to the 
microbiota. This enables a direct control over 
the processes of fermentation in the gastrointes-
tinal tract through feed composition. As shown 
by Jensen and Jørgensen (1994) especially the 
fibre content of the diet affects the microbial 
fermentation in the gastrointestinal tract of pigs 
but also the content of resistant starch and non-
digestible oligosaccharides play a role. Reid and 
Hillman (1999) and Jensen (unpublished) have 
found that addition of fibre to a pig diet reduces 
the population of coliform bacteria in the gastro-
intestinal tract, while Mcdonald et al. (1998) re-
ported an increased population of coliform bac-
teria in pigs fed a fibre-enriched diet. The effect 
of dietary fibre on the development of swine dy-
sentery is also a little controversial. Durmic et 
al., (1998) and Pluske et al., (1996) reported that 
diets low in dietary fibre and resistant starch 
prevented pigs from infection with Brachyo-
spira hyodysenteriae while Lindecrona et al., 
(2000) and Kirkvood et al., (2000) were unable 
to confirm these findings. 

Several investigations have shown that also the 
fermentation of protein in the gastrointestinal 
tract depends on diet composition (Jensen et al., 
1998). Experience from practical pig farming 

under Danish conditions has also indicated that 
high protein content in diets for growing pigs 
increases the incidence of diarrhoea in slaughter 
pigs, although that was not followed by an in-
crease in the population of coliform bacteria 
(Petersen et al., 2000). 

The effect of lipids on the composition and ac-
tivity of the microbiota in the digestive tract of 
pigs and on pig health is not very well investi-
gated. Digestion of dietary lipids in pigs occurs 
from the proximal part of the small intestine 
onwards, 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 some time that unsatu-
rated fatty acids are toxic to many rumen bacte-
ria (Henderson, 1973). Apart from a possible ef-
fect on the microbiota, lipids also seem to in-
crease the occurrence of gastric ulcers (Regiena 
et al., 1996), which again may affect the micro-
biota in the stomach. Since the amount of fat in 
pig diets has increased during the last decade it 
will be of interest to elucidate how fat content 
affects the gastrointestinal ecosystem and pig 
health.

The buffer capacity of pig feed has also been 
postulated to affect the microbial ecosystem in 
the gastrointestinal tract and to affect feed di-
gestion (Decuypere et al., 1997). Further, diets 
with high buffering capacity have been shown 
to increase salmonella shedding of pigs (Pro-
haszka et al., 1989). Again, very little informa-
tion exists about the effect of the buffering ca-
pacity of the feed on the microbial ecosystem in 
the gastrointestinal tract and on the health of the 
animals. 

Feed processing 
Effect of feed processing on survival of pathoge-
nic bacteria
Several studies have shown that the processing 
of the feed is of great significance for the gas-
trointestinal ecosystem of slaughter pigs and to 
reduce the counts of pathogenic Enterobacteri-
cea (i.e. E coli and Salmonella).

The effect of various types of feed processing 
on the population density of coliform bacteria in 
the stomach, the incidence of salmonella posi-
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Figure 1. Effect of various types of feed processing on the density of coliform bacteria in 
stomach content, the prevalence of salmonella positive pigs, pH of stomach content and the 
concentration of organic acid in stomach content (data adapted form Jørgensen et al., 1999) 

tive pigs, the concentration of organic acids in 
stomach content and the pH of stomach content 
are shown in Figure 1 (data from Jørgensen et 
al., 1999).

These results clearly illustrate that the effect of 
feed processing on the incidence of salmonella- 
positive pigs and the density of coliform bacte-
ria in the stomach is similar. Indicating that the 
density of coliform bacteria is a good indicator 
for the surveillance of Salmonella in pigs. The 
data further indicate that feeding slaughter pigs 
course grinded feed compared to fine pelleted 
feed (diet 5 versus diet 1) reduces the pH of 
stomach content and significantly increases the 
concentration of organic acids (lactic, acetic, 
propionic and butyric acids) in the stomach. The 
increase in organic acid concentration was ac-
complished by an increase in the population of 
anaerobic bacteria, especially lactic acid bacte-
ria (results not shown). These data are in accor-

dance with the results obtained by Canibe et al., 
(2001). Using the molecular fingerprinting 
method T-RFLP as described by Leser et al.,
(2000) Canibe et al., (2001) further showed that 
the microbial diversity was higher in pigs fed 
course meal compared to pigs fed fine pelleted 
feed (Figure 2). 

The mechanism behind the stimulating effect of 
coarse meal on the microbial activity in the sto-
mach has not been elucidated. A slower passage 
rate (Regina et al., 1999), a higher dry matter 
percentage, and/or other physiochemical charac-
teristics of the gastric digesta (Hansen et al.,
2001) of pigs fed coarse meal could favour the 
growth of lactic bacteria compared to other mi-
croorganisms. The higher density of lactic acid 
bacteria in the stomach of pigs fed the coarse 
diet explain the higher concentration of lactic 
acid in the gastric digesta of these animals.  
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Figure 2. T-RFLP profile from stomach content of pigs fed either fine pelleted feed or course 
meal

The growth of enterobacteria is inhibited at high 
levels of lactic acid at low pH (Knarreborg et 
al., 2002). Further unpublished results from our 
lab (Mikkelsen and Jensen, unpublished) have 
shown a clear negative correlation between the 
concentration of undissociated lactic acid and 
the survival rate of Salmonella in stomach con-
tent from slaughter pigs in vitro (Figure 3). 

In contrast to the effect on enterobacteria, lactic 
acid seems to stimulate the growth of yeasts 
(Maribo et al., 2000) this may explain the higher 
population of yeasts found in course meal fed-
pigs compared to fine pelleted fed-pigs pigs by 
Canibe et al., (2001).

Effect of feed processing on gut morphology 
A positive effect of feeding course diets to pigs 
on stomach keratinisation and lesions has been

reported by various authors (Jørgensen et al.,
1999; Regina et al., 1999; Wonda et al., 1995),
but the mechanism behind is still unclear. It 
seems reasonable to suggest that the main factor 
that leads to the protective effect of course meal 
against gastric ulcers is that the gastric content 
became more coherent with little separation be-
tween the liquid and solid phase (Hansen et al.,
2001 a,b; Jørgensen et al., 2002a).

Apart from a changed microbial ecosystem in 
the gastrointestinal tract of slaughter pigs, it has 
also been shown that pigs fed coarse diets had 
higher levels of epithelial cell proliferation with 
consequent higher levels of mucins and fewer 
mannose receptors than those fed a fine diet 
(Brunsgaard, 1998). This implies that pigs fed a 
coarse diet may be better protected against cer-
tain kinds of intestinal infections than pigs fed a 
fine diet. 
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The stomach as barrier 
The results discussed above clearly show that 
coarsely- ground meal feed favours the growth 
of anaerobic bacteria, especially lactic acid bac-
teria in the stomach. The exact reason for this is 
at present unknown, but the increased microbial 
activity leads to an increased production of lac-
tic acid and other organic acids and a lover pH 
in the stomach. Consequently, enteric bacteria 
like Salmonella and E. coli are killed in the 
stomach and do not enter the parts of the gastro-
intestinal tract in which they will normally pro-
liferate. In this way, the stomach acts as a bar-
rier breaking the vicious circle where animals in 
problematic herds infect each other and are re-
infected through consumption of faeces. 

Effect of feed processing on growth perform-
ance
A big drawback with the use of coarsely- 
grounded meal, is the extreme reduction in pro-
duction results (Jørgensen et al., 1999; Jørgen-
sen et al., 2002a). Especially the feed conver-
sion rate is reduced by feeding pigs course meal 
compared to fine pelleted feed. One of our goals 
at the moment, therefore, is to develop a feed 
compound or a feeding strategy, which is able to 
prevent the proliferation of pathogenic entero-
bacteria without reducing feed conversion. 

Oligosaccharides (prebiotics) 
Use of specific carbohydrates (prebiotics) espe-
cially sugar alcohols and oligo- and polysaccha-
rides that are not degraded by host-produced en-
zymes have been suggested as candidates to im-
prove animal health. Prebiotics are defined as 
“non digestible food ingredients that benefi-
cially affect the host by selectively stimulating 
the growth/or activity of one or a limited num-
ber of bacteria, that can improve host health”.

Oligosaccharides have been included in animal 
feed in Japan since the mid-80s with the aim of 
improving weight gain and health status of farm 
animals. However, documented effects of oligo-
saccharides on pig performance, animal health 
and effects on the composition of the indigenous 
microbiota are sparse and conflicting (Mikkel-
sen, 2001). 

In a recent study carried out at our department 
(Mikkelsen, 2001) newly weaned four-week-old 
piglets were fed a semi-synthetic diet supple-
mented with 4% fructo-oligosaccharides (FOS) 
or 4% galactooligosaccharides (GOS) replacing 
2% cornstarch and 2% cellulose in the control 
diet. In conclusion, generally little or no effect 
of dietary FOS and GOS on pig performance, 
gastrointestinal physico-chemical characteristics 
and gastrointestinal bacterial populations were 
observed in the study. The most striking result 
from the study was the strong stimulating effect 
of especially GOS and to a lesser extent FOS on 
the population of yeasts (Figure 4). 
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Yeasts and yeast cell walls are often suggested 
as probiotic additives that can be applied in the 
pig industry as alternatives to antibiotic growth 
promoters in order to improve health and 
growth performance of pigs. Since the popula-
tion of yeasts within the gastrointestinal tract of 
pigs seems easy to influence, any negative or 
positive impact of this microorganism on the 
growth performance of pigs would be of great 
interest in future studies. 

Conclusion
Use of coarsely grounded meal feed is a clear 
alternative to antibiotic growth promoters re-
garding the reduction of pathogenic enterobacte-
ria in the gastrointestinal tract. However a big 
drawback with this type of diets is the reduction 
found in the production results. A goal for the 
moment, therefore, is to develop a feed com-
pound or a feeding strategy, which like ground-
ed meal feed, is able to prevent the proliferation 
of pathogenic enterobacteria in the gastrointes-
tinal tract but without affecting the production 
results.
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23. Effects of the termination of AGP use on outbreaks of Lawsonia intracellu-
laris in pigs

Tim K. Jensen 
Danish Institute for Food and Veterinary Research 
Bülowsvej 27, DK-1790 Copenhagen V 

Porcine proliferative enteropathy (PE) is one of 
the most important infections causing diarrhoea, 
retarded growth and/or sudden death among 
growing/ finishing pigs in intensive pig produc-
tion world-wide. The disease affects the aboral 
small intestines, cecum and colon but involves 
especially ileum. Pathologically, PE is charac-
terised by thickening of the intestinal mucosa 
caused by adenomatous proliferation of imma-
ture epithelial cells infected by Lawsonia in-
tracellularis, an obligate intracellular Gram-
negative bacterium culturable only in cell cul-
tures. As coculturing of the bacterium in cells is 
not adaptable for routine diagnostic procedures 
PCR, immunohistochemistry and in situ hy-
bridisation have been developed and applied for 
ante- and post-mortem detection. 

In a case control study to examine risk factors 
for the development of diarrhoea in growing 
pigs L. intracellularis was the most prevalent 
pathogen. The bacterium was detected in 75% 
of the herds with diarrhoeal 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 hemo-
lytic Brachyspira spp including B. pilosicoli, the 
cause of spirochaetal colitis, were detected in 
39% of the case herds. 

In endemically infected herds L. intracellularis 
is present in all groups of animals including 
sows and suckling piglets. However, the preva-
lence peaked in 6 to 8 weeks old weaned pigs. 

To determine the herd-level and within-herd 
prevalence of L. intracellularis in Danish finish-
ing pig herds we visited 79 randomly selected 
herds. L. intracellularis was found in 94% of 
the herds whereas the herd prevalence of B.
hyodysenteriae and weakly hemolytic Brachy-
spira spp were 2.5% and 50%, respectively. The 
within prevalence of both L. intracellularis and 
B. hyodysenteriae were 25 – 30%. 

The infection dynamics of L. intracellularis 
from weaning to slaughter in 5 herds were stud-
ied in a longitudinal survey. Most L. intracellu-
laris infected pigs were shedding at 8 -12 weeks 
of age. Infected pigs were shedding for 2-6 suc-
cessive weeks – after 18 weeks of age all shed-
ding was ceased. The growth rate of infected 
pigs seemed to decrease in the period of shed-
ding.

Besides therapeutic use of antibiotics eradica-
tion of L. intracellularis by medication has been 
shown to be possible in sow herds. 
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24. Alternatives to AGPs in broiler production

Ricarda M. Engberg 
Danish Institute of Agricultural Sciences 
Research Centre Foulum, P.O.Box 50, DK-8830 Tjele 

Summary
In the present paper different dietary approaches 
to manipulate the gastro-intestinal microflora in 
order to improve growth and health in broiler 
chickens are described. The importance of the 
feed structure in broiler nutrition as well as the 
use of feed additives like non-starch polysac-
charide (NSP)-degrading enzymes, organic ac-
ids, probiotics, prebiotics and essential oils are 
discussed.

Among the presented feeding strategies the 
most promising are the dietary addition of NSP-
degrading enzymes, e.g. xylanase, as well as the 
use of whole wheat, which is the currently 
common feeding practice in Danish broiler pro-
duction. Xylanase decreases digesta viscosity 
resulting in an improved nutrient digestibility 
and consequently enhance broiler growth. The 
beneficial effect of whole wheat feeding is at-
tributed to a reduction of the gizzard pH and an 
increased retention time of the feed in the giz-
zard. This results in a reduction of the popula-
tion of lactose-negative bacteria, e.g. Salmo-
nella, and of Clostridium perfringens. The giz-
zard can be regarded as a barrier organ in pre-
venting the entrance of potentially pathogenic 
bacteria to the small intestine. 

Introduction 
The search for alternatives to AGPs in broiler 
production has occupied our minds since these 
substances were banned in Denmark in January 
1998. In order to find appropriate substitutes, it 
is important to briefly reflect on the benefits and 
working mechanisms of AGPs . 

All AGPs previously used in broiler production 
preferentially target gram-positive bacteria. 
With respect to bird health, this property makes 
them very suitable in the prevention of necrotic 
enteritis caused by Clostridium perfringens type
A. With respect to their beneficial effect on 

broiler performance AGPs have shown to in-
hibit intestinal bacteria competing with the host 
for available nutrients. It is reasonable to as-
sume that the microflora in the small intestine is 
of major importance in this respect, since ab-
sorption of nutrients mainly takes place at this 
location. The dominant bacteria in the small in-
testine are gram-positive bacteria belonging to 
the group of lactobacilli and enterococci. Fur-
thermore, Clostridium perfringens is very abun-
dant, especially in the lower small intestine. 
Lactobacilli are generally believed to offer 
health benefits for the host. The production of 
lactic acid resulting in a reduction of intestinal 
pH, as well as the production of bacteriocins, 
and the stimulation of the local intestinal immu-
nity are all factors exerting a hostile environ-
ment for undesirable bacteria of the gram-
negative flora, e. g. E. coli, Campylobacter, and 
Salmonella. However, the majority of lactic acid 
bacteria as well as Clostridium perfringens are 
capable of bile acid-deconjugation, which ham-
pers intestinal fat emulgation, formation of mi-
celles and consequently the absorption of lipids 
(Knarreborg et al., 2002). Bearing the role of the 
intestinal microflora in broiler growth depres-
sion in mind, it is obvious that alternatives to 
antibiotic growth promoters should aim at the 
reduction of the intestinal bacterial number and 
fermentation activity. This can be achieved in 
two ways: One way is to increase the digestibil-
ity of the broiler feed. This leads to a reduction 
of undigested material in the small intestine and 
minimises the substrate available for microbial 
growth and fermentation. The other way of 
achieving a reduced microbial growth in the 
small intestine and thereby growth promotion, is 
the addition of compounds with bacteriostatic 
properties. From the aspect of health it would be 
desirable to aim this bacteriostatic effect at un-
desirable potentially pathogenic bacteria includ-
ing E. coli, Salmonella, Campylobacter and C.
perfringens.
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In the following different approaches to mani-
pulate the broilers intestinal flora in order to im-
prove growth and health are presented. 

Non-starch polysaccharide (NSP)-degrading 
enzymes
The dietary addition of enzymes degrading non-
starch polysaccharides (NSP), e.g. xylanases 
and β-glucanases, has shown to reduce intestinal 
viscosity and to increase nutrient digestibility, 
thus resulting in an improved broiler perform-
ance (Table 1), in particular when high amounts 
of wheat or barley are fed. Another positive ef-
fect of exogenous enzymes is a reduction of the 
consumption of drinking water (Table 1), which 
improves the quality of the litter. 

Since the dietary inclusion of water-soluble vis-
cous polysaccharides does not lead to growth 
depression in germ free chickens, it seems that 

the intestinal microflora also plays a central role 
in the mediation of growth response to enzymes. 
NSP-degrading enzymes are hypothesised to 
work in two steps, which may be described by 
an ileal phase and a caecal phase. During the 
ileal phase enzymes remove fermentable sub-
strates and during the caecal phase, degradation 
products of sugars like xylose and xylo-
oligomers are fermented by caecal bacteria, thus 
stimulating the production of volatile fatty acids 
and the growth of “beneficial bacteria” (Bed-
ford, 2000). This is illustrated by a decrease in 
caecal pH following addition of xylanase to 
wheat based diets (Table 2). In Denmark, the 
feeding of whole wheat as a supplement to a 
pelleted compound broiler feed is common 
practice. Experiments carried out in our labora-
tory show that the addition of enzymes is par-
ticularly important when feeding whole wheat, 
since whole wheat increases chyme viscosity as 
compared to a pelleted feed. (Figure 1). 

Table 1. Body weight, feed conversion ratio (FCR), and water intake of 42 d old broiler chick-
ens fed with anaerobically stored whole wheat (ASWW), conventionally stored whole wheat 
(CSWW) and ground wheat (pellets) with or without addition of xylanase  

 Treatment Effect of treatment 
Form of wheat ASWW CSWW Pellet Wheat form Xylanase 
Xylanase   -   +   -   +   -   + P-value 
Body weight (g, 42 d) 2092 2128 2075 2116 2107 2143 0.147 0.003
FCR (kg feed/kg gain) 1.68 1.72 1.64 1.58 1.74 1.67 0.001 0.229
Water (ml/bird) 6479 6259 6578 6237 6758 6508 0.001 0.001
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Figure 1. Ileal viscosity in broiler chickens 
fed with anaerobically stored whole wheat 
(ASWW), conventionally stored whole wheat 
(CSWW) and ground wheat (pellets) with or 
without addition of xylanase 

Over the last approximately 5 years feeding en-
zymes have become standard in the formulation 
of Danish broiler diets. The use of enzymes is 
probably one of the main reasons why the 
elimination of AGPs in Denmark, where broiler 
diets are wheat based, did not have dramatic 
consequences for broiler performance. 

Feed structure 
The structure of the feed e.g. the feeding of a 
coarsely ground mash or the feeding of whole 
grains has a strong effect on the physiological 
function of the broiler gastrointestinal tract 
(Svihus et al., 1997, Engberg et al., 2002). 
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We conducted an experiment with broiler 
chickens, where wheat (variety Kris) harvested 
from the same field was either fed as whole 
wheat stored anaerobically (ASWW) or conven-
tionally (CSWW) or fed as ground wheat in-
cluded in pellets. All diets were fed with or 
without addition of xylanase. Differences be-
tween birds receiving ASWW and CSWW were 
only marginal, whereas distinct differences were 
observed between animals supplemented with 
whole wheat and pellet-fed birds. The feeding 
of whole wheat significantly improved FCR and 
reduced the water intake as compared to pellet 
fed birds (Table1). The pH value in the contents 
of the gizzard and proximal part of the small in-
testine was significantly lower in birds supple-
mented with whole wheat as compared to pellet 
fed birds, which indicates a stimulation of gas-
tric functions e.g. hydrochloric acid secretion 
(Engberg et al., 2002). Further, birds fed with 
whole wheat had significantly higher gizzard 
weights and a higher amount of gizzard contents 

with a higher DM content (results not shown). 
Whole wheat feeding slightly stimulated the 
population of lactic acid bacteria in the upper 
small intestine and reduced the intestinal num-
ber of Clostridium perfringens and lactose-
negative enterobacteria (Table 2). 

It is hypothesised that the stimulation of gastric 
functions (low gizzard pH and higher retention 
time of the feed) contributes to a growth inhibi-
tion of potentially pathogenic bacteria of the 
gram-negative flora, e.g. Salmonella, which are 
not very acid tolerant (Naughton and Jensen, 
2001). The gizzard can therefore be regarded as 
barrier organ in preventing the entrance of these 
bacteria to the distal intestinal tract. Further-
more, the low counts of Clostridium perfringens 
observed in the groups fed whole wheat indicate 
a beneficial influence on animal health consid-
ering the role of these bacteria in the develop-
ment of necrotic enteritis. 

Table 2. Intestinal pH, lactic acid bacteria, coliform bacteria, lactose-negative enterobacteria, 
and Clostridium perfringens in selected intestinal segments of broiler chickens fed with an-
aerobically stored whole wheat (ASWW), conventionally stored whole wheat (CSWW) and 
ground wheat (pellets) with or without addition of xylanase  

 Treatment Effect of treatment 

Form of wheat ASWW CSWW Pellet Wheat form Xylanase
Xylanase - + - + - + P-value 
pH         

Gizzard 3.05 2.96  2.88  3.05 3.34  3.56 0.003 0.386 
Jejunum 5.64 5.64 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 8.24 8.42  8.37 8.60  8.06 8.21  0.070 0.095 
Ileum 9.08 9.17  8.80 9.12  8.90 9.12  0.279 0.019 

Coliform bacteria         
Jejunum 5.10 5.60  5.53 5.78  5.74 5.91  0.345 0.252 
Ileum 6.93 7.14  7.50 7.14  7.40 7.52  0.136 0.970 

Lactose-negative  
enterobacteria

        

Jejunum 4.06 4.41 4.30 4.60 5.11 5.29 0.008 0.271 
Ileum 5.36 5.36 5.97 5.84 6.72 6.87 0.001 0.976 
Caeca 5.72 5.19 5.97 5.59 5.98 6.06 0.224 0.304 
Rectum 5.59 5.72 6.58 5.84 7.00 6.94 0.001 0.379 

Clostridium  
perfringens 

        

Ileum 5.25 5.45  5.72 5.39  6.44 6.28  0.081 0.791 
Caeca 5.78 5.45  5.67 5.71  6.52 6.42  0.053 0.675 
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The protective effect of whole wheat against 
Salmonella was confirmed in a study with broil-
ers infected with a rifampicin resistant Salmo-
nella typhimurium DT110 at 14d. Although cae-
cal colonisation could not be prevented in the 
young bird (4 days post infectionem) receiving 
only 10% of supplemental whole wheat, in the 
later growth phase significantly decreased num-
bers of Salmonella typhimurium were found in 
the gizzard and ileum of birds receiving 30% 
whole wheat. This means that a possible re-
infection by uptake of small concentrations of 
Salmonella can be naturally prevented by whole 
wheat, through a decrease in gizzard pH. Keep-
ing that in mind whole wheat is suggested to be 
also very suitable in the nutrition of egg-layers, 
since the digestive tract of adult birds is more 
capable of whole grain digestion. 

Organic acids 
The antibacterial activity of organic acids is re-
lated to the reduction of pH, as well as their 
ability to dissociate, which is determined by the 
pKa-value of the respective acid, and the pH of 
the surrounding milieu. The antibacterial activ-
ity increases with decreasing pH value. Organic 
acids are lipid soluble in the undissociated form, 
in which they are able to enter the microbial 
cell. Once in the cell, the acid releases the pro-
ton in the more alkaline environment, resulting 
in a decrease of intracellular pH. This influences 
microbial metabolism inhibiting the action of 
important microbial enzymes and forces the 
bacterial cell to use energy to release protons, 
leading to an intracellular accumulation of acid 
anions. The bacteriostatic effect of organic acids

is preferentially aimed at gram-negative bacte-
ria, since these bacteria are less acid-tolerant as 
compared to e. g. lactic acid bacteria. Therefore, 
different combinations of organic acid are ex-
tensively used as feed additives in pig produc-
tion in the prevention of especially weaning di-
arrhoea.

In poultry, organic acids are assumed to inhibit 
growth of bacteria in the feed and in the upper 
part of the digestive tract (crop and stomach) 
rather than in the intestine, which results in a 
lower number of potentially pathogenic bacteria 
entering the intestine. Indeed, some organic ac-
ids, e. g. formic acid and propionic acid (Bio-
Add™, 68% formic acid and 20% propionic 
acid) at dietary concentrations of 0.6% seem to 
be able to prevent Salmonella infections (Ber-
chieri and Barrow, 1996). 

Benzoic acid is not approved as a feed additive 
for poultry feed, but is extensively used as food 
preservative in human nutrition. In an experi-
ment with broiler chickens we added benzoic 
acid to broiler diets at concentrations of 0%, 
0.1%, 0.2%, 0.4% and 0.8%. One group re-
ceived a diet supplemented with Avilamycin (10 
mg/kg feed). Benzoic acid in concentrations of 
0.1% benzoic acid stimulated broiler growth up 
to approximately 4 weeks of age in the same 
range as avilamycin. The increase in weight 
gain could be related to a significantly higher 
feed intake in that group (Table 3). Benzoic acid 
at concentrations of 0.8% resulted in a signifi-
cant growth depression associated with a sig-
nificantly decreased feed intake. 

Table 3. Production results of broiler chickens receiving increasing concentrations of benzoic 
acid and avilamycin 

 Benzoic acid (%) Avilamycin  
 - 0.1 0.2 0.4 0.8 10 mg/kg P-value 

Body weight (g)  
15 d 347 ab 363 a 350 ab 329 bc 315 c 361 a 0.0004 
29 d 1007 b 1064 a 1020 ab 979 bc 941 c 1065 a 0.0001 
43 d 1900 b 1947 b 1900 b  1887 b 1770 c 2037 a 0.0001 

Feed intake (g/bird)  
1-43 d 3574 b 3740 a 3593 b  3468 bc 3411 c 3768 a 0.0001 
FCR (kg feed/kg gain) 

1-43 d 1.92 b 1.96 ab 1.93 ab 1.87 c 1.97 a 1.88 bc 0.0009 
Means in the same row followed by different superscript letters (a,b,c) differ significantly 
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Probiotics, prebiotic and essential oils 
Probiotics are defined as live microbial feed ad-
ditives, which beneficially affect the animals by 
improving their microbial balance (Fuller, 
1989). At present 19 micro organism prepara-
tions, among them 7 for the use in poultry, are 
provisionally or finally authorised as feed addi-
tives within the EU. The approved organisms 
for the use in poultry belong to the bacterial 
genera of Enterococcus, Bacillus and in one 
case Pediococcus as well as the yeast Sac-
charomyces cerevisiae. The different modes of 
action of various probiotic strains are far from 
understood (Review by Ghadban, 2002). How-
ever, the production of bacterial metabolites in 
terms of organic acids in particular lactic acid 
(reduction of pH), as well as hydrogen perox-
ides and bacteriocins have been suggested to be 
responsible for an antagonistic effect towards 
possible pathogenic bacteria of the gram-
negative flora, e. g. Salmonella. With respect to 
growth performance, some probiotics are known 
to produce digestive enzymes such as amylase, 
protease and lipase, which may enrich the con-
centrations of the intestinal digestive enzymes 
of the host and thereby support nutrient diges-
tion. Furthermore, a reduction of bacterial am-
monia production causing damages on the intes-
tinal cell surfaces, as well as a stimulation of the 
local immune system were reported as benefi-
cial effects of probiotics. Looking at the litera-
ture, it seems that lactobacilli are the most stud-
ied organisms and considering health, most 
beneficial effects are assumed related to these 
bacteria.

However, unlike human nutrition where lacto-
bacilli can be provided via consumption of dif-
ferent fermented milk products, lactobacilli are 
not applied to broiler feed. This is manly due to 
their instability to high temperatures during feed 
processing. It is peculiar that organisms like En-
terococcus faecium showing a strong bile acid 
deconjugation activity and possibly hampering 
fat absorption (Knarreborg, 2002), are used as 
probiotics where these organisms are expected 
to enhance growth. The published studies con-
clude, that the efficacy of the above mentioned 
probiotics seems to vary a lot. However, most of 
these studies report on slight improvement of 
bird performance considering feed conversion 
ratio and/or weight gain. The results of our own 
study with three probiotic strains (two Enero-
coccus faecium strains and one Bacillus coagu-
lans strain) point in the same direction (Table 
4). Slight improvements of weight gain and feed 
conversion ratio were observed at 21 d follow-
ing dietary addition of probiotics. 

Prebiotics are non-digestible feed ingredients, 
which are fermented in the digestive tract, 
where they selectively stimulate growth or 
metabolic activity of “beneficial bacteria”. To 
this category of feed additives belong special 
carbohydrates e.g. fructooligosaccharides inulin, 
and pectin. It has been shown that inulin, which 
selectively stimulates bifidobacteria in humans, 
is fermented in the chicken intestine by Entero-
bacteriaceae and Streptococcaceae (Simon and 
Jadamus, 2002). 

Table 4. Production results of broiler chickens following dietary addition of three different 
probiotic bacterial strains over 42 days 

 Negative 
Control

B. coagulans
Product A 

B. coagulans
Product A 

E. faecium
Product B 

E. faecium
Product B 

E. faecium
Product C 

(per kg feed) 
Dose - 1x108 1x109 1x108 1x109 5x108 P-value

Body
weight

(g) 

21 d 629 a 629 a 650 b 643 ab 656 b 649 b 0.036 
42 d 2145 2154 2167 2178 2177 2168 0.755 

FCR (kg feed/kg gain)
1-21 d 1.46 a 1.44 ab 1.42 bc 1.43 b 1.40 c 1.43 b 0.001 
1-42 d 1.68 1.66 1.66 1.68 1.68 1.68 0.807 

Means in the same row followed by different superscript letters (a,b,c) differ significantly 
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Essential oils are extracts of different plant, 
which work as appetisers and stimulate diges-
tive enzyme activity, thus improving nutrient 
digestibility. As mentioned before regarding the 
working mechanisms of NSP-degrading en-
zymes, an improved digestion will result in a 
reduction of substrate available for bacterial 
growth in the small intestine. At the moment re-
search is in progress that aims at a combination 
of essential oils with acidifiers and probiotics 
(Kamel, 2002). 

Conclusion and perspectives 
Looking back, it seems that the broiler produc-
tion in Denmark has not suffered a great deal 
from the removal of AGPs. This may be partly 
due to an improvement in the producers´ man-
agement practices as well as the extensive use 
of whole wheat and feeding enzymes. The com-
position and the structure of poultry feed are the 
most important factors modulating digestive 
physiology and the intestinal microflora. In par-
ticular problems associated with necrotic enteri-
tis (Clostridium perfringens type A), which 
have previously been controlled by AGPs did 
not increase in the absence of these substances. 
It is very likely that the extensive continuous 
use of ionophore anticoccidials, which also tar-
get gram-positive bacteria, is the main reason 
why these problems did not occur in Danish 
broiler production. Although attenuated live 
vaccines against coccidiose as substitutes for 
ionophores and chemical anticoccidials are 
available now, their use is not very common 
mainly because of higher costs. Furthermore, 
coccidial sporozoites in the vaccine are sus-
pected to cause small mucosal lesions, which 
may increase the risk of intestinal colonisation 
with Clostridium perfringens resulting in higher 
frequency of necrotic enteritis. If steps are taken 
to withdraw ionophore antibiotics from the feed, 
necrotic enteritis will undoubtedly be the most 
urgent problem to be solved. Basic research 
considering the factors that lead to intestinal 
colonisation and trigger the toxin production of 
Clostridium perfringens is necessary in order to 
develop appropriate feeding strategies to reduce 
necrotic enteritis.
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25. Alternatives to AGP in pig production – practical experience

Niels Kjeldsen 
The National Committee for Pig Production 
Axelborg, Axeltorv 3, DK-1609 Copenhagen V 

Focus on alternatives 
The National Committee for Pig Production 
tests various commercial products in co-opera-
tion with the companies selling the products. 
This is necessary as documentation for the ef-
fect is requested by pig producers, advisors and 
producers of feed. 

A large number of Danish trials with antibiotics 
has been carried out. Table 1 shows the results 
achieved in trials with growth promoters that are 
legal in the EU in 2002 (Avilamycine, Flavomy-
cine and Salinomycin) compared with a nega-
tive control group.

Antibiotic growth promoters are no longer used 
in Denmark. A voluntary agreement between 
pig producers and slaughterhouses in 2000 
banned the use of antibiotic growth promoters. 

The following tables show the effect of alterna-
tives. In all 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 
perishables particularly in the foodstuff indus-
try. Preservatives are also used in farming, par-
ticularly products such as formic acid in whey 
and chemical treatment of cereals with propi-
onic acid. Acid is often added to weaner feed to 
preserve and to reduce the acid binding capacity 
of the feed. 

The group of preservatives comprises a wide 
range of acids and salts. The effect of the pre-
servatives is caused by a restraint of the growth 
of unwanted micro organisms in feed and stom-
ach.

Danish results with acid products – preserva-
tives
A number of trials has been carried out in Den-
mark with organic acids and mixes of this to 
weaners and finishers, and there was great vari-
ation in the trials (table 2). One of the reasons 
for the great variation is the dose and the actual 
concentration of acids in the products, which 
vary greatly between the trials. 

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

 Weaners Growers Finishers 
No. of trials 5 6 5 
Daily gain +10.8 +2.5 +2.8 
Feed conversion -3.4 -2.5 -2.4 
No. of trials with a significant effect on productivity 2 0 0 

Table 2. Effect of acid products on productivity, change in % 

 Weaners Finishers 
No. of trials 49 10 
Daily gain +6.3 +0.4 
Feed conversion -2.2 +0.2 
No. of trials with a significant effect on productivity 14 0 
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The results of the individual acids and salts are shown in table 3 below. 

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

 Acid/acid salt Dose, %1 Daily gain FUp/kg 
gain

Produc-
tivity 

Source

Weaners
Calprona
Calprona
Fra-acid
Formic acid in water 
Formic acid in water 
Fumaric acid 
Fumaric acid 
Acid Lac 
Acid Lac dry 
Bio Add 
Aciprol Micropearls 
Nutricid
Probicid
Bio-pro
Calcium formate 
Bolifor FA 2000 
Selacid
Luprocid
Lafeed 80 
Zoolac - (g/pig) 
Eroacid LFPA 
Greenacid LBF 

Formi LHS 
Formi LHS 
Formi LHS 

Calcium formiat 
Sorbic acid 
Bolifor FA 2000 
Bolifor FA 2000 
Lactic acid 
Lactic acid 
Lactic acid 
Formic acid 
Formic acid 
Luctacid HC 
Luctacid Piglets 
Mastercid 90 
AciForm 
AciForm 
Lactic acid+formic 
acid
Benzoic acid (not al-
lowed in the EU) 
HSK 2000 
HSK 2000 
HSK 2000 

Continued …. 

1.4/1.2 
1.4/1.2  

0.75/0.5  
0.2
0.2
1.5
1.5
0.5
0.5
0.5
0.2
0.4
0.8
0.2

1.25
0.65
0.5
0.6

2.0/1.0 
6.4/12.8  

0.4
0.4

0.6
1.2
1.8

1.25
2.0
0.3
0.7
0.7
1.4
2.8
0.7
1.4

0.2/0.2 
0.3/0.3 
0.5/0.5 
0.6/0.5 
1.2/1.0 
0.7/0.7 

2.0/1.0 

1.2/0.6 
1.2/1.2 
1.8/1.2 

+10.7
-4.7
+6.8
+8.0
-0.8
-2.7
+5.0
+3.6
+2.9
-0.6
+7.8
+5.0

+16.9
+15.3
+16.4
+18.5
+4.8
+8.8
+5.5
-1.1
+6.8
+7.8

+17.8
+23.1
+32.7

+3.6
+8.7
+5.2
+2.5

0
+4.8
+3.8
+5.8
+3.6
+3.1
+5.7
-2.6
+1.5
+3.5
+7.4

+13.1

+2.3
+3.7
+0.2

-5.8
-0.6
-1.1
-3.1
+2.7
+2.7
-2.1
-3.3
0.0
-1.1
-3.9
-2.8
-3.5
-2.3
-6.9
-5.2
-2.3
-1.2
-2.9
-1.2
-0.6
-2.3

-8.8
-12.7
-12.7

-6.0
-5.5
-1.7
-3.3
+2.3
-0.6
+0.6
-1.8
-0.6
+0.5
-1.6
-0.5
-5.0
-5.0
-2.6

-3.1

+0.5
+2.7
+8.7

*
-
*
*
-
-
-
-
-
-
*

tendency 
*
*
*
*
-
*
*
-
-
-

-
-
-

tendency 
*
-
-
-
-
-
-
-
-
-
-

tendency 
*
*

*

-
-
-

LU Rep. no. 364, 1997 
LU Rep. no. 364, 1997 
LU Rep. no. 365, 1997 
LU Rep. no. 342, 1996 
LU Rep. no. 342, 1996 
LU Rep. no. 73, 1985 
LU Rep. no. 73, 1985 
LU Rep. no. 322, 1995 
LU Rep. no. 384, 1998 
LU Rep. no. 322, 1995 
LU Rep. no. 371, 1997 
LU Rep. no. 371, 1997 
LU Rep. no. 396, 1998 
LU Rep. no. 396, 1998 
LU Rep. no. 396, 1998 
LU Rep. no. 396, 1998 
LU Rep. no. 384, 1998 
LU Rep. no. 409, 1999 
LU Rep. no. 428, 1998 
LU Rep. no. 407, 1998 
LU Rep. no. 441, 1999 
LU Rep. no. 441, 1999 

SH Rep. July 1999 
SH Rep. July 1999 
SH Rep. July 1999 

LU Rep. no. 445, 1999 
LU Rep. no. 445, 1999 
LU Rep. no. 461, 1999 
LU Rep. no. 461, 1999 
LU Rep. no. 469, 2000 
LU Rep. no. 469, 2000 
LU Rep. no. 469, 2000 
LU Rep. no. 469, 2000 
LU Rep. no. 469, 2000 
LU Rep. no. 474, 2000 
LU Rep. no. 474, 2000 
LU Rep. no. 474, 2000 
LU Rep. no. 477, 2000 
LU Rep. no. 477, 2000 
LU Rep. no. 490, 2000 

LU Rep. no. 490, 2000 

LU Rep. no. 492, 2000 
LU Rep. no. 492, 2000 
LU Rep. no. 492, 2000 
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Formic acid  
SoftAcid I
SoftAcid II 
SoftAcid II 
Gustor

0.7
1

1.5
2

0.3

+4.8
+4.8
+5.9
+2.1
+0.7

-2.6
-1.6
2.7
-0.5
-1.0

tendency 
-
-
-
-

LU Rep. no. 519, 2001 
LU Rep. no. 537, 2001 
LU Rep. no. 537, 2001 
LU Rep. no. 537, 2001 
LU Rep. no. 544, 2002 

Finishers
Acid Lac 
Bioacid
Bactacid 
Bactacid 
Modified Bactacid 
LA-Mix
Genes
Formi®LHS 
Formi®LHS 
Acid one 

0.3
0.3
0.2

0.3/0.25 
0.3/0.25 

0.5
0.2
0.6
1.0
2.0

+1.8
-1.8
+1.0
-0.1
+0.7
-0.6
+1.1
-0.2
-0.5
+2.5

-2.9
0

+0.4
-0.7
+1.5
+1.2
+0.4
+1.2
+0.8
+0.4

-
-
-
-
-
-
-
-
-
-

LU Rep. no. 341, 1996 
LU Rep. no. 318, 1995 
LU Rep. no. 318, 1995 
LU Rep. no. 402, 1998 
LU Rep. no. 402, 1998 
LU Rep. no. 415, 1999 
LU Rep. no. 450, 1999 
LU Rep. no. 489, 2000 
LU Rep. no. 489, 2000 
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 difference in productivity. 
1 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, DAN-
ISH BACON AND MEAT COUNCIL. 

SH: The Danish Institute of Agricultural Sciences. 

Fourteen weaner trials showed an effect on pro-
ductivity. None of the finisher trials showed any 
effect on productivity. 

Enzymes 
Enzymes are found in plant and animal tissue, 
and they are part of the construction and de-
composition of chemical compounds. Enzymes 
work by accelerating chemical processes with-
out being used themselves.  

Enzymes disintegrate the components of the 
feed of protein, carbohydrates and fat to units 
small enough to pass  through the mucosa in the

intestines and to the lymph or the blood. En-
zymes are very specific, i.e. they can only disin-
tegrate one particular kind of bond. Therefore, 
the enzymes used must match the ingredient 
composition of the individual diet. Enzymes that 
can be added to pig feed are e.g. phytase, xy-
lase, -glucanase, amylase, cellulase, and α-ga-
lactosidase. 

Danish results - enzymes 
A number of trials have been carried out in 
Denmark with enzymes in feed for weaners and 
finishers (table 4). 

Table 4. Effect of enzymes on productivity (includes only trials comparing diets with an identi-
cal 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 
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No trials with enzymes added to weaner feed 
showed a positive effect on productivity. One 
trial with the enzyme product Porzyme 9300 for 
finishers showed a positive effect on the produc-
tivity, while another showed a tendency. 

Micro-organisms
Microbial cultures are added to feed to stabilise 
the microbial activity in the intestinal tract. The 
effect is expected to be: 

•  Excretion of substances restricting pathogenic 
bacteria and enhancing growth of “good” bac-
teria 

•  Excretion of digestive enzymes 
•  Increased competition for nutrients in the in-

testines so that the original intestinal flora and 
the amount of pathogenic bacteria is reduced. 

Some micro-organisms are spores, while others 
are added as living cells (freeze dried). The 
form is important to the stability of the micro-
organisms particularly during pelleting. It is es-
sential to ensure that that product used tolerates 
heating and pelleting and that the efficiency is 
not reduced by other substances in the feed 
(such as acids, minerals, etc.). 

Danish results – micro-organisms 
Trials have been carried out in Denmark with 
microbial cultures for weaners and finishers, cf. 
table 5 below. 

Addition of Paciflor reduced the number of 
treatments for diarrhoea significantly (from 
19.9% in the control group to 4.4% in the test 
group). When Lactiferm was added to the feed, 
there was a tendency towards fewer treatments 

for diarrhoea compared with control. The re-
maining trials with micro-organisms did not 
show any positive results. The microbial cul-
tures are expected to have the greatest effect in 
periods of problems such as at weaning, when 
changing diets, poor climate etc. 

Oligosaccharides 
Oligosaccharides are not defined as additives. 
They are characterized as a feedstuff and can be 
added to the feed without registration. 

Expected effect of oligosaccharides 
Many pathogenic bacteria attach themselves to 
the surface of the intestines as do many toxins 
and viruses.

There are indications that polysaccharides are 
capable of binding the pathogenic bacteria. 
Thereby the pathogenic bacteria are prevented 
from attaching to the surface of the intestine, 
which makes the pathogenic bacteria unable to 
establish in the gastro-intestinal tract, but are 
“washed out” with the remaining intestinal con-
tent.

Addition of oligosaccharides to the feed may re-
sult in a changed/increased fermentation in the 
stomach, terminal ileum and also in the caecum 
and the large intestine. Hereby the natural bacte-
ria flora is stimulated, which is likely to restrain 
growth of pathogenic bacteria. 

Danish results – oligosaccharides 
No trials with oligosaccharides showed an effect 
on productivity, but there was a tendency to-
wards increased productivity in a trial with fruc-
tomix for weaners. 

Table 5. Effect of micro-organisms on productivity, change in % 

 Weaners Finishers 
No. trials 15 2 
Daily gain +1.01 -0.4 
Feed conversion -0.4 -0.9 
No. of trials with a significant effect on productivity 0 0 
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Table 6. Effect of oligosaccharides on productivity, change in % 

 Weaners Finishers 
No. trials 5 2 
Daily gain +1.3 +0.8 
Feed conversion -1.8 0 
No. of trials with a significant effect on productivity 0 0 

Aromatic and appetizing compounds 
This group of additives is particularly used in 
feed for weaners to make the feed as attractive 
and tasty as possible. 

Plant extracts 
Plant extracts are defined as an independent 
group of additives and is often placed under the 
group of aromatic and appetising compounds. 
Plant extracts and herb products are not addi-
tives according to legislation, but feedstuffs. 

Danish results - aromatic and appetizing 
compounds
One weaner trial with the product AB-naturmix 
showed an effect on productivity. Two finisher 
trials with Sangrovit and New-Add II, respec-
tively, showed an effect on productivity. 

The above trial results originate from trials car-
ried out at the experimental stations of the Na-
tional Committee for Pig Production without 
great disease problems and where only the indi-
vidual additive distinguishes the test groups 
from each other. In order to assess the possibili-
ties for reducing the problems that have oc-
curred in many herds as a consequence of the 

removal of growth promoters, a number of mul-
tifactorial trials have also been carried out in 
herds with problems; the so-called optimised 
management. 

Optimised management 
Optimised management in the weaner unit was 
studied in eight problem herds and was com-
pared with the normal practice of the herd of 
tending to and feeding the pigs. The aim was to 
improve health and production results. All the 
herds were characterized by a significant preva-
lence of diarrhoea post-weaning and use of sys-
tematic medication to control the outbreaks of 
diarrhoea. 

Optimised management with no growth promot-
ers was compared with use of antibiotic growth 
promoters.  

Overall, optimised management had very vary-
ing effects. Health was improved in four herds, 
unchanged in two 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 herds and re-
duced in four cases (cf. table 8). 

Table 7. Effect of plant extracts on productivity, change in % 

 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 
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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) (1) (2)* (3) (4) (5) (6)* (7) (8) 
Productivity Reduced Reduced Reduced Reduced Improved - Improved Improved 
Health
(diarrhoea)

Reduced The 
same 

Reduced Improved Improved Improved Improved The same 

* The result must be interpreted with caution as the trial only comprised few blocks. 

The extra costs of optimising the management 
conditions were in all cases higher than the gain 
in the form of improved production results, 
fewer treatments for diarrhoea and reduced mor-
tality. Thus, there was no immediate cover for 
the improvements. 

It may be difficult to see how these results can 
be used in practice. However, they clearly dem-
onstrate that many herds have the potential to 
significantly improve their health status and 
productivity within the existing frames. This 
improvement must be achieved with the lowest 
possible costs, and the measures in these trials 
can thus be used as inspiration. The aim in 
every herd must be to keep trying until they find 
the best solutions and thereby keep the costs 
down. In practice this means that the profit must 
cover the costs better then in these trials. These 
experiences are important to keep in mind when 
the existing housing system needs renovation. 

Conclusion
In controlled trials with different additives ad-
ded to the feed for weaners and finishers, the 
greatest positive effect on productivity was 
found 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 herds with problems, it is not sufficient to 
simply replace an antibiotic growth promoter 
with organic acids. However, a combination of a 
number of management efforts including chan-
ges in feed has in a number of problem herds 
improved the health status, while the effect on 
productivity varied. In most of these herds, the 
costs connected to optimised management ex-
ceeded the improvements in health and produc-
tivity.
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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. 
Danish Institute of Agricultural Sciences 
Research Centre Foulum 
P.O.Box 50, DK-8830 Tjele 

Abstract
In Denmark data are gathered on the use of an-
timicrobials in animals and in humans and on 
antibiotic resistance in Danmap. It is important 
to have such a monitoring program at the na-
tional level. This paper seeks to draw attention 
to the herd level perspective also when dealing 
with use of antimicrobials; to the decision-
makers at the herd level, that is the practising 
veterinarian and the pig manager. To assess the 
clinical efficacy and to make the correct deci-
sions on treatment, they must have access to 
valid data on the actual disease level and on the 
amount of antimicrobials used. Currently, little 
effort has been made to use such data actively in 
herd-health management. Consequently, the in-
centive to record data accurately is low and only 
limited data of questionable validity are avail-
able on the actual use of antimicrobials in a herd 
and on the actual disease level in the herd. 

At the national level it may suffice to make raw 
accounts of the total usage. It is a general find-
ing in these accounts that there is a very large 
variation among herds when comparing the 
crude amounts used. However, to reflect the ac-
tual treatment level in the herd, the accounts at 
the herd level require additional information 
such as the actual disease level, the actual dos-
ages used and the expected weight interval of 
the treated pigs. 

Prior to making any conclusive statements about 
the results from an individual herd and to taking 
pre-emptive steps to reduce the amount of an-
timicrobials used, it is a prerequisite to ac-
knowledge the necessity of having good data. 
Moreover, it is necessary to have a fundamental 
understanding of the sources of the herd to herd 
variation and of the complex relationship be-
tween disease and treatment. The results from

our study showed that differences in disease 
management were very important in terms of 
explaining the total amount of antimicrobials. In 
addition to monitoring the total amount used, 
these issues must be addressed if the intention is 
to reduce the amount of antimicrobials used. 

Introduction 
In Denmark, there is a growing concern about 
the use of antimicrobials in livestock produc-
tion, and a surveillance system, the Danmap 
system (Danmap, 2001), has been implemented 
to quantify the amount of antimicrobials used 
and to monitor the development in antibiotic re-
sistance. More recently, the VetStat-programme 
has been implemented (Bager, 1999). VetStat 
uses the amounts of prescribed antimicrobials to 
the herd as its 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. 

In the existing data there are two general find-
ings. There has been an increase in the total 
amount of antimicrobials used for livestock 
production and there is a considerable variation 
among the herds in the amount of antimicrobials 
used. The relationship between treatment and 
disease is a contentious issue in the ongoing de-
bate about the use of antibiotics in livestock 
production. This is particularly the case for pig 
production, which in Denmark is responsible for 
74% of the total amount of antimicrobials used 
for food animals (Danmap, 2001). It is the pur-
pose of this paper to focus on the relationship 
between disease and treatment in a herd to gain 
a better understanding of the observed variation 
among the herds in their use of antimicrobials. 
With this information concrete steps to reduce 
the amount used can be outlined. 
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The inextricable connection between disease 
and treatment 
In clinical practice it is generally acknowledged 
that criteria for treatment decisions and disease 
management strategies may vary considerably 
among herds, and that this fact often jeopardises 
any unequivocal relationship between treatment 
and disease. In Figure 1 the theoretical relation-
ship between disease and treatment is illus-
trated. If an obvious treatment effect were pre-
sent, one would expect to see a decline in the 
disease level, when the treatment level increases 
(A). However, with increasing disease level in a 
herd it is conceivable that one could observe the 
opposite relationship as an indication of a reac-
tion to the change in the herd (B). If no relation-
ship were present one would expect to see (C). 
If high disease levels are accompanied by high 
use of antimicrobials, is this finding an indica-
tion proper reaction to disease or an indication 
of poor treatment effect? Low disease levels and 
high treatment levels is not always accompanied 
by a decline in the treatment level. Why change 
a strategy that works?  

Relationship between disease and
use of antimicrobials in a herd

Antimicrobials
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Figure 1. The theoretical relationships be-
tween disease and use of antimicrobials in a 
herd. With an evident clinical treatment ef-
fect one would expect to see (A). However, 
with increasing disease levels one might also 
see an increase in the amount of antimicrobi-
als used (B). If there is no relationship be-
tween the treatment level and the disease 
level the picture could be like in (C) 

Conclusively, when dealing with these relation-
ships one seem to be faced with an inextricable 
cause-effect relationship. 

In 2001 a study was conducted at the Depart-
ment of Animal Health and Welfare at the Dan-
ish Institute of Agricultural Sciences, where the 
objective was to study the relationship between 
disease and treatment. In this study the use of 
antimicrobials and disease, measured as clinical 
disease prevalence among the weaners, were 
monitored in the 15 herds. The relationship be-
tween clinical disease and treatment was very 
poor in these herds, and these findings led us to 
investigate further into the causes of the large 
variation among herds in the actual amount of 
antimicrobials used. We encountered two major 
issues. The first issue was related to the data 
used for measuring disease and treatment, and 
the second issue was related to variation in 
treatment criteria among the study herds. Quali-
tative interviews were conducted with the farm-
ers and the prescribing veterinarians, and the 
specific purpose was to identify important vari-
ables that could explain the herd to herd varia-
tion and some of the equivocal relationships be-
tween clinical disease and treatment. 

Quantification of disease and the use of an-
timicrobials in a pig herd
Measuring disease 
In the study we used clinical disease prevalence 
as the major response to treatment. Although al-
ternative measures like daily weight gain and 
mortality are also relevant the clinical status of 
the population was considered a prerequisite to 
any decision made on treatment. Currently in 
clinical practice systematic recordings of the 
clinical disease status of the herd are generally 
not made. 

Measuring the use of antimicrobials in crude 
amounts
The manager and the practising veterinarian 
have access to some data on the use of antim-
icrobials in the herd. The practising veterinarian 
visits most pig herds on a regular monthly basis. 
At each visit an account of the amount of antim-
icrobials prescribed and used must be rendered. 
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The amount of antimicrobials is calculated on 
the basis of mandatory farmer recorded disease 
treatments in the preceding time period. The ac-
count 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 ac-
cess to herd accounts on the amount of pre-
scribed antimicrobials measured in kg active 
compound specified in age groups and diagno-
ses from VetStat. There are, however, some ma-
jor disadvantages to these accounts for the per-
sons involved in making treatment decisions. 
First, the account does not provide the user with 
the denominator for interpreting the data cor-
rectly. Differences in population sizes (i.e. herd 
sizes) may account for a large part of the ob-
served variation. Moreover, summarising kg ac-
tive compound is a poor measure of the actual 
treatment level in a herd, because this number is 
not a measure of the strength of the compounds. 
Other important missing variables are the actual 
weight of the treated animals. Because the data 
consists of the prescribed amount and not the 
actual amount used in a specified time interval, 
the data cannot be used to make inferences on 
changes in the disease management and the dy-
namics of the treatment level in the herd. Fi-
nally, there may be considerable discrepancies 
between the diagnoses and age groups indicated 
by the prescribing veterinarian and the farmer’s 
actual treatment. Conclusively, these accounts 
only provide information on the crude variation 
in the total amount used among the herds. 

Measuring the use of antimicrobials using ani-
mal dosages 
A preferable and recommended approach (Dan-
map, 2001) would be to estimate the number of 
dosages used. Hence the number will provide a 
measure of the estimated kg pig meat treated in 
the herd. Figure 2 provides an example of how 
such an account could look like for 15 sow 
herds. In these herds the number of dosages was 
calculated from the actual amount used per 
month using the manufacturers recommended 
dosages. When these were given as a range the 
maximum value was chosen (VetStat uses the 
median value). To account for different herd 
sizes, the number of dosages used has been cor-

rected for the number of sows in the herds. As 
seen in the previous figure the variation among 
the herds is immense. Another common finding 
is that the majority of the consumption is among 
the weaners, where oral compounds constitute 
the majority of the dosages used. However, this 
account is also only meant for making crude 
herd comparisons for, say, one year, and it still 
lacks the necessary information to make infer-
ences on the actual treatment strategy in the 
herd.

The number of dosages used per sow per month in
15 Danish pig herds
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Figure 2. A comparison of the total number 
of antimicrobial dosages used per sow per 
month in 15 Danish sow herds in 2001. The 
dosages have been calculated using the max-
imum dosage recommended by the manufac-
turer

Measuring the use of antimicrobials as the esti-
mated treatment level 
A third option would be to define the treatment 
level in a herd according to the general formula 
(Baadsgaard, 2001): 

RPLWD
AT

****
=

In the formula T denotes the treatment inci-
dence. The treatment incidence, T, is obtained 
from the nominator, A, which is the amount of 
active compound. Dividing A with the dosage, 
D ~measured in mg or ml per kg body weight, 
yields the estimated number of dosages. Divid-
ing again with W, which denotes the weight of 
the pigs, yields a number that is comparable to 
what is denoted Animal Defined Dosages in 
Danmap, with the important exception that W
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denotes a normal probability distribution rather 
than a standard weight. In this distribution in-
formation about the mean and the standard de-
viation of the treated pigs can be included. Fur-
thermore, by including the time interval, L, and 
the population size, P, an incidence can be cal-
culated as the number of treatments per pig-days 
at risk. Finally, one may wish to adjust the 
treatment incidence according to the number of 
days the pigs have been treated; symbolised 
with R. If L, P and R are omitted, T will simply 
denote the treatment frequency. Besides the ex-
pected weight distribution (W), it would make 
sense also to let the dosage (D) and the popula-
tion size (P) be included as distributions instead 
of point estimates. Consequently, the treatment 
incidence will also become a probability distri-
bution, with a mean and a standard deviation 
that will reflect our uncertainty regarding our 
estimate of the expected treatment incidence in 
the herd. 

Figure 3 shows an example of the development 
in the estimated treatment frequency in a herd 
based on the 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 shows the expected 
treatment frequency for a mean of 10 kg body-
weight and a standard deviation of 2 kg, and the 
lower line shows the expected treatment fre-
quency for a mean of 20 kg body weight and a 
standard deviation of 2 kg. The vertical lines 
show the 95% confidence intervals. As is evi-
dent from the figure the expected weight distri-
bution has a large impact on the estimated 
treatment level in the herd. These calculations 
only require some very simple calculations on 
already existing data, and they can easily be 
done in a simple spread sheet program. 
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Figure 3. Estimated treatment frequency in a herd calculated from the number of dosages 
used each month to the weaners. The treatment frequency has been calculated assuming two 
different mean body weights in this particular age group 
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The treatment criteria 
From clinical practice it is well known that 
treatment strategies vary considerably among 
herds. Based on interviews with the farmers and 
their veterinarians we identified the following 
key issues: 

- Within the 15 project herds disease manage-
ment strategies varied from injection and isola-
tion of individual diseased pigs and subsequent 
clinical assessment of the treatment effect for 
these pigs on day 2 and 3, to water-medication 
in 8 days of whole sections (800 pigs or more), 
if disease was observed in one pen. 

- The mere presence of a medicator for mixing 
therapeutic drugs into the drinking water or into 
the feed affects the treatment strategy. 

- In our study we used the veterinarian’s clinical 
assessment of the treatment effect as the re-
sponse. Although the veterinarian is the person 
responsible of the amount of prescribed antim-
icrobials to the herd, it is the farmer who actu-
ally performs the treatments and assesses the 
treatment effect. The interaction between the 
decision-makers is therefore vital to the under-
standing of the eventual treatment level in the 
herd.

- The population dynamics of a pig herd and the 
intervals between the veterinarian’s visits to the 
herd implies that the veterinarian very seldom 
sees the same pigs twice. For example, with 
monthly intervals of the visits, 3-weeks batch 
operation systems imply that the age composi-
tion of the weaners will vary considerably from 
visit to visit. The dynamics of the population 
therefore has a major impact on the veterinar-
ian’s clinical observations. 

- In our study the treatment level was calculated 
as dosages per pig-day at risk and not treatments 
per pig day at risk. Hence we did not correct for 
the differences in treatment levels that occurred 
due to treatment of, say, 10 kg’s weight as op-
posed to 20 kg’s weight. In addition we did not 
correct for the number of days the pigs were 
treated. General recommendations on how to 
calculate the actual treatment level in the herds 
are therefore needed. 

- Feeding strategies and treatment strategies 
were changed continuously during the observa-
tion period and added to the large variation that 
was observed within the herds. 

- Recommendations on dosage and number of 
days necessary for treating the pigs varied con-
siderably among the participating veterinarians. 

- Generally treatment costs were perceived as 
being low. The average treatment costs per sow 
per month in the 15 project herds was approxi-
mately 1 euro per sow per month. Most farmers 
stated that treatment costs were not a factor, 
when decisions on treatment were made. 

- Labour costs. Individual clinical assessment 
and treatment of pigs require much labour. The 
lack of qualified labour is a key issue in today’s 
pig production in general. 

- Decisions to treat are not always based on the 
presence of clinical disease. “Poor growth” is 
also a commonly used diagnosis. 

- Using pig’s daily water consumption to calcu-
late the amount of antimicrobials needed may 
yield quite different results compared to a strat-
egy, where the weight distribution of the pigs is 
used to estimate the necessary number of dos-
ages.

- The eventual amount of antimicrobials used 
was affected by actual procedure for adding an-
timicrobials to the food or to the drinking water. 

Discussion
In addition to issues related to lack of data, poor 
quality of data and specific accounting issues, 
there are a number of factors that have a large 
impact on the eventual use of antimicrobials in a 
herd. These factors may in some cases be re-
lated to the disease level in the herd, but in other 
cases they may be independent of the actual dis-
ease level. It is important to realise that the mere 
presence of a medicator reflects the attitude and 
the values of the particular farmer (Vaarst et al., 
2002). In some herds, individual treatment and 
care is the rule, while in others such a strategy is 
out of question. The overall costs, when decid-
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ing on a treatment strategy, therefore, seem to 
become more and more important. Results from 
this study indicate that treatment costs in pig 
production are low. From dairy production it is 
well known that the withdrawal period for de-
livering milk after treatment for mastitis can 
have a significant impact on the observed treat-
ment level in the herd (measured as veterinary 
recorded disease treatments). Bennedsgaard et 
al. (2002) thus showed that converting to or-
ganic milk production decreased days in antibi-
otic treatment for mastitis. It is conceivable that 
this result can be attributed to the costs of treat-
ment, because the withdrawal period for milk is 
3 times the lawfully established period, and be-
cause the farmer does not have access to treat-
ment with antimicrobials in organic production. 

While arguing for strategies that involve more 
intensive disease surveillance and individual 
treatment (as a tool to reduce the use of antim-
icrobials) as opposed to treatments of, say, sows 
after farrowing to prevent MMA, sucklers or 
weaners to prevent infectious diarrhoea, the ab-
sence of qualified labour also becomes a critical 
factor. The focus on systems like automated 
monitoring of water consumption (Nejsum, 
2001) is a consequence of the growing labour 
issue in pig production. 

It may be seen as a disadvantage to allow more 
or less subjective assessments to be included in 
the general formula for calculating the treatment 
level. However, these assessments are prerequi-
sites to making inferences on any changes in the 
actual treatment level in the herd, and the graphs 
can serve as a starting point for a discussion on 
the eventual effect of the treatment and treat-
ment strategy. In arguing for better data, it is an 
underlying hypothesis that better data on treat-
ment and disease in the herds will improve the 
basis for making decisions on treatment in the 
herd. Meaningful accounts on the dynamics of 
the treatment level in the herds as well as ac-
counts on herd comparisons, where reasonably 
comparable herds are included, may become an 
incentive to the farmer to make more precise re-
cordings.

The relationship between disease and treatment 
is not simple. At the same time, there is a lack 
of common definitions, and consequently good 

data, on treatment and disease. The results and 
the conclusions from central surveillance sys-
tems, such as the VetStat system, rely heavily 
on the quality of the data that enter the database. 
Therefore, the quantification of the use of an-
timicrobial agents and the improvement of the 
precision of the veterinarian’s prescription is not 
limited to serve merely as a decision-aiding tool 
for the clinician and the farmer. 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. How-
ever, dealing with population sizes in today’s 
pig production implies that the veterinarian 
must assess the health status, the treatment ef-
fect and the expected prognosis until next visit 
to the herd (the future treatment level) in popu-
lations that readily can be counted in thousands. 
Access to valid data therefore becomes decisive. 
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Abstract
A uniform water or feed disappearance pattern 
is required for assessment of changes in pig 
health and well-being. Water disappearance rate 
was measured and monitored continuously in 
pigs from 4 to 11 weeks of age. The study com-
prised three herds and 18 batches of pigs, which 
were managed all in all out. In one herd feed 
disappearance was measured continuously as 
well. Water and feed disappearance was meas-
ured electronically and data were transferred to 
a computer for time series analysis. Manage-
ment interference such as change of diet and 
treatment of pigs were recorded daily in a log-
book. The results indicated that water disap-
pearance was associated with a distinct cir-
cadian rhythm. Water disappearance rate peaked 
between 4 and 6 pm and was lowest between 3 
and 5 am regardless of herd and housing system. 
The circadian pattern persisted throughout the 
growing period while total water disappearance 
rate increased. 

The pigs showed a very stable diurnal drinking 
pattern as long as they were healthy whereas the 
pattern often changed when the pigs were af-
fected by a disease. 

A method using a state-space model in conjunc-
tion with a Consume control chart is presented 
as a tool for online monitoring of young pigs, 
based on their water consumption. By an exam-
ple it is shown that an outbreak of a disease (di-
arrhoea) can be detected by the monitoring 
method approx. one day before physical signs 
are seen on the pigs. 

The monitoring method has been implemented 
as a commercial software package (Farm-
Watch), which is available for pig producers. 

Introduction 
Management decisions in modern pig produc-
tion are frequently based on subjective judg-
ments. Normally, such decisions derive from a 
combination of information sources including 
visual observations of pigs and (e.g., aggres-
sion) pens (e.g., signs of diarrhoea), or other 
senses (e.g., temperature) as well as results from 
monthly or quarterly performance records. 

Outbreak of a disease such as diarrhoea often 
spread fast within a group of pigs and if it is not 
detected and treated immediately the outcome 
might be losses in terms of 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 there is 
little time available for observing individual 
animals in weaning and finishing units. For-
merly, when daily care taking was associated 
with manual feeding and mucking out more 
time was spent among the animals, which in-
creased the chance of detecting outbreak of dis-
ease or other problems. 

Modern pig housing includes fully slatted floor-
ing, automatic climate control, automatic feed-
ing and watering, which allow the caretaker to 
manage a large number of animals. Theoreti-
cally, labour saving equipment should increase 
time available for inspection and supervision of 
animals. However, in commercial practice im-
proved technology has meant that time spend on 
manual labour has been converted to more ani-
mals managed per person, the average labour 
input being only 10-12 min per finishing pig 
produced. Therefore, it is important that time
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available for inspection is devoted to those ani-
mals that are at risk of being infected with dis-
ease or exposed to stressors. However, the prob-
lem is to determine the risk level or health status 
of various groups of pigs. Of course, the man-
ager might have some prior knowledge that cer-
tain disease outbreaks appear at a given stage of 
the production period. But it must be assumed 
that some kind of guidance might be helpful as 
to where to concentrate management efforts. 
Thus, it has been suggested that automatic mo-
nitoring systems and use of time series analysis 
might be promising management tools (Frost et 
al., 1997). Yet, surprisingly few attempts have 
been made in terms of using such methods in 
modern pig production. 

There is general agreement that animal well-
being might be measured indirectly using indi-
cators such as animal behaviour (Smidt, 1983). 
Changes in eating and drinking patterns are usu-
ally the first visual signs that pigs are experienc-
ing environmental stress. Eating pattern in pigs 
has been reported in several studies (Nienaber et 
al., 1991; Xin and DeShazer, 1992; Young and 
Lawrence, 1994; Hyun et al., 1997). A common 
finding was that the eating pattern is character-
ized by a distinct diurnal rhythm. Bigelow and 
Houpt (1988) have shown that pigs’ drinking 
behaviour is closely correlated to their feed con-
sumption which leads to the hypothesis that 
changes in pig health that affect feed intake also 
impinge on water intake and thus drinking be-
haviour.

Statistical quality control methods are quite 
commonly used in the manufacturing industry, 
but rarely in animal husbandry. Monitoring dai-
ly milk yields in dairy cows, detection of oestrus 
and disease in dairy cattle based on time series 
analysis; detection of changes in feed consump-
tion in broilers and detection of changes in daily 
milk production in cows (Thysen, 1992) are 
some examples. Common for all these monitor-
ing systems are, that they: 1) incorporate an 
automatic method for collection of production

traits and 2) include an adequate model for 
analysis of the collected data. 

Modern computer technology has extended the 
possibilities of real-time monitoring at farm 
level. Process computers known from factory 
automation and electronic water flow meters 
can easily be installed in pig barns to provide 
real time data of water consumption in a com-
puter. The real challenge lies in processing the 
recorded data in order to achieve as much in-
formation as possible. Monitoring production 
traits is often difficult because of random as 
well as more systematic variation in responses, 
which may complicate the interpretation of data. 
However, advanced mathematical modelling 
might help overcoming some of these problems. 

The purpose of this paper is to present new 
methods of real-time monitoring of pig per-
formance while using modern information tech-
nology.

Water monitoring - methods 
In a study under the Danish Applied Pig Re-
search scheme (DAPR) (Pedersen et al., 1995) it 
was shown that monitoring water disappearance 
rate in pigs might be a powerful method of de-
tecting health or systems problems at an early 
stage (Pedersen and Madsen, 2001). The trial 
was carried out in 3 commercial pig farms and 
water disappearance was measured in 18 batc-
hes of 4-11 wk old pigs. In one farm feed disap-
pearance was measured as well. Each batch of 
pigs originated from the same weaning. Pigs 
were housed in rooms comprising 400-900 ani-
mals, which were managed all in all out. Pigs 
were fed a standard cereal soy diet according to 
Danish feeding standards. Production conditions 
are shown in Table 1. 

Electronic water flow meters and weighing 
scales were installed in four and three weaning 
units, respectively, for measurements of water 
and feed disappearance (Figure 1). 
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with similar peaks and troughs and a curvilinear 
shape as that found for water disappearance in 
the present study (e.g., Walker, 1991). It is well 
known that rates of many bodily functions vary 
systematically over time and therefore, it is 
likely that the water intake pattern in pigs is an 
indicator of the feed intake pattern. 

Variation in water disappearance rate was large 
and systematic over a 24 h period as shown in 
figure 2. Water disappearance was at its lowest 
point between 3 and 5 am. Pigs increased water 
intake gradually during the day except for a 2 h 
period between 11 am and 1 pm when water dis-
appearance rate was reduced. Water consump-
tion peaked between 4 and 6 pm followed by a 
reduction in intake until the lowest point was 
reached again between 3 and 5 am. Then a new 
cycle was initiated. 
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Figure 2. Water disappearance rate, peaks 
and troughs of water intake in a batch of 
weaners monitored over a 5 d period (data 
processed on an hourly basis) 

With each new diurnal cycle the level of water 
disappearance increased a fraction correspond-
ing to the pigs’ growth rate. 

Comparison of diurnal water disappearance pat-
terns for the three farms indicated that the shape 
of the curve as well as peaks and troughs of 
drinking activity were similar. Apparently, hou-
sing and pen design did not affect drinking pat-
tern even although there was large variation in 
housing between farms.  

A systematic water and feed disappearance pat-
tern is required for prediction of any disturbance 

of pig well-being. In the present study data were 
recorded every two minutes. Summation of 
numbers with this interval led to too high ran-
dom variation while the diurnal water disap-
pearance pattern became more discernible the 
longer the summation interval. However, a long 
summation interval also meant that any devia-
tion in water disappearance rate might not be 
recognized. An evaluation of 20 min, 1 h and 4 
h summation intervals revealed that a 1 h inter-
val provided the best estimation. 

The next step included computing water disap-
pearance rate using a dynamic linear model 
(DLM) while employing Bayesian statistics. A 
DLM is well suited for modelling the dynamic/-
cyclic pattern for water disappearance (West 
and Harrison, 1997). 

These methods of treating water and feed disap-
pearance data were integrated in a new com-
puter based monitoring system (FarmWatch®)
for automatic monitoring of pig well-being in 
weaning and finisher units, which includes an 
electronic logbook for notification of manage-
ment interference or any relevant daily observa-
tions in the pig barn. 

Tests of the FarmWatch® prototype programme 
employing data from the three farms indicated 
that several changes in water and feed disap-
pearance were detected, which could be attrib-
uted to diarrhoea or tail biting. In fact, diarrhoea 
after weaning was associated with an increased 
water disappearance rate 24 h before symptoms 
were visible in the barn. 

The caretaker must be able to distinguish be-
tween relevant and irrelevant changes in water 
disappearance rates and therefore the software 
should assist him in taking action only when re-
levant. Normally, a DLM is used as a tool for 
making forecasts of events based on prior know-
ledge. Within the present framework, the DLM 
was used to make predictions of the water dis-
appearance rate one step ahead in time. The dif-
ference between the one step forecast and the 
observed water disappearance was then used as 
a measure of the deviation from the „normal“ 
level of water consumption.  
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Figure 3. (a) Observations (real) and one-hour forecasts of water disappearance from the Dy-
namic Linear Model with quadratic growth between time steps. (b) Sum of forecast errors. 
An alarm is issued because of deviating drinking pattern at point [A]. Outbreak of diarrhoea 
is detected and treated at point [B] 

The deviation or forecast error might be consid-
ered an independent random error term with 
zero mean as long as the process model is valid.  
If, on the other hand, the pigs change their 
drinking behaviour, data will no longer conform 
to the model predictions, and the numerical 
value of the forecast errors will increase. Tradi-
tional statistical process control or quality con-
trol (CUSUM control chart) was then used to 
evaluate the series of forecast errors and to pre-
sent an alert when deviations from normal be-
haviour.

FarmWatch® – real time monitoring 
With a production period of 6-8 months and 12-
14 months per weaner and finisher batch, re-
spectively, it is difficult to know whether pig 
performance is on track. Therefore, the main 
idea behind FarmWatch® was to create a moni-
toring system, which could assist the caretaker 
in detecting and correcting any problem that 
might affect pig well-being in due time. More-
over, it was assumed that the pigs themselves 
might provide the best cue as to how they were 
performing. Therefore, a direct measure such as 
water disappearance was preferred as an indica-
tor of pig condition over an indirect measure 
such as room temperature. 

The FarmWatch® system does not provide ex-
pert advise when a significant change in water 
disappearance occurs. Thus, it is up to the care-
taker to find causes and solutions to any prob-

lem that might have arisen. Over time he might 
learn that similar changes in water disappear-
ance rate might occur at the same time between 
batches. Thus, he might be able to moderate or 
eliminate a specific problem such as E. coli di-
arrhoea, which usually occurs at a certain time 
period after weaning. 

FarmWatch® is being used as a proactive man-
agement tool in several Danish farms and some 
examples are presented below: 

- In a boar test station all weaners were vacci-
nated against pneumonia. One hour after vacci-
nation 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 developing 
better vaccines or by changing vaccination pro-
cedure such as time of vaccination. 

- In an 1150 farrow-to-finish farm water disap-
pearance rate was monitored in 6 weaning and 5 
finishing rooms, respectively. With respect to 
weaners, FarmWatch® delivered an alarm be-
cause of increased water disappearance 24 hrs 
before visual symptoms of weaning diarrhoea 
were present. Thus, the caretaker could apply 
medicine to the drinking water of the weaner 
rooms in question. Moreover, the amount of 
drugs could be reduced due to the fact that the 
medicine could be applied before the infection 
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escalated. In the finishing units a feeding error 
led pigs to increase their water intake dramati-
cally, 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 a while before the 
caretaker found the cause of the problem. 

- Recently, FarmWatch® was used in a feed 
trial for weaners to identify changes in water in-
take associated with diets. Medication was ap-
plied to the drinking water to prevent diarrhoea. 
However, shortly after the trial had started 
FarmWatch® issued an alarm indicating that 
water disappearance rate had dropped signifi-
cantly. The drug applied to water system had 
plugged up the water nipples. 

- In a finishing herd FarmWatch® delivered an 
alarm due to significant reduced water disap-
pearance rate in three rooms of pigs, which was 
caused by an outbreak of swine influenza. In 
one room water intake rate returned to normal 
after a couple of days while water disappearance 
continued to drop in the two other ones. Thus, it 
was decided to intervene with medical treatment 
in the latter rooms. During the cold season water 
disappearance rate dropped by 10% over a few 
days in one finishing room while pigs started 
coughing. The problem was instigated by one of 
the fresh air inlets, which led cool air toward the 
thermostat of the ventilation system. Therefore, 
the ventilation system was alternating between 
low and high ventilation rate. 

IT-based monitoring of pig production 
The FARMWATCH® software package is an 
example of how modern information technology 
might benefit the pig industry. However, it 
might just be the first system in a range of new 
integrated management systems, which will en-
able the pig industry in meeting tight product 
specifications, while satisfying society’s de-
mands to reduce environmental impact of mod-
ern production methods (Wathes et al., 2001). 

The fastest and easiest way of applying informa-
tion technology in livestock production is 
probably to make use of process control tech-
niques that have been useful in other industries. 
Thus, image analysis, statistical quality control 

measures, Bayesian and mathematical model-
ling and time series analysis are some of the 
analytical tools, which might be applied to bio-
logical processes to provide real time evidence 
animal performance. We are currently working 
on a number of projects, which incorporate 
some of these features: 

• Automatic growth check and weighing of 
weaners and finishers using image analysis 
technology.

• Bayesian modelling of reproduction rate to 
forecast use of all in all out facilities. 

• Economical evaluation model regarding re-
placement strategy and culling of sows. 

• Monitoring of water intake in individual 
sows.

• Monitoring of sow visits in electronic sow 
feeding systems. 

Thus, as has been prophesised by professor Wa-
thes (1993) at the Silsoe Research Institute, “In 
the third millennium, the farmer’s role may be 
more akin to that of the process engineer than 
the peasant”.  
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Summary
The objective of this paper is to demonstrate 
that selective breeding for resistance provides a 
viable method to control clinical and sub-
clinical disease in pig production. Research to 
date indicates that genetic variation for resis-
tance to clinical and sub-clinical disease exists 
in pigs. Furthermore, there are potential selec-
tion criteria, such as immunological parameters, 
becoming available by which to select pigs for 
resistance. Although current pig breeding pro-
grams do not select for resistance to disease, 
these findings give pig breeders reason to be op-
timistic. They demonstrate that selective breed-
ing for resistance does provide a viable method 
to control clinical and sub-clinical disease in pig 
production. A successful selective breeding 
program would have the added advantage of re-
ducing the reliance upon traditional methods of 
disease control, such as vaccination and medica-
tion (includes growth promoters). 

Introduction 
Pig production is often hindered by clinical and 
subclinical disease, which cause mortality, re-
duced production performance, increased costs, 
and poor animal welfare. In Denmark, clinical 
and sub-clinical diseases of most economic im-
portance to pig production are diarrhoea, respi-
ratory problems, lameness, and mastitis-metriis-
agalactia (MMA). 

Traditional methods used to control disease in-
clude eradication, sanitation, quarantine, cull-
ing, vaccination, and medication (includes 
growth promoters). Pig production currently re-
lies solely upon these methods to control dis-
ease. A complementary, albeit longer term, ap-
proach is to selectively breed pigs for resistance. 

There are two main reasons for implementing a 
selective breeding program for resistance. First, 

any genetic improvement obtained is cumulative 
and permanent. That is, genetic improvement 
obtained in a particular generation is added to 
the improvement obtained in previous genera-
tions. Furthermore, the genetic improvement ob-
tained in previous generations is not lost, should 
selection for resistance stop. The second reason 
is that a successful selective breeding program 
reduces the reliance upon traditional methods of 
disease control. Of particular interest is a poten-
tial reduction in the use of vaccines and medi-
cines, which helps fulfil public demands for 
food free of such products. 

The objective of this paper is to demonstrate 
that selective breeding for resistance provides a 
viable method to control clinical and sub-
clinical disease in pig production. In doing so, it 
is assumed that the breeding goal is to increase 
resistance of the pigs to clinical and sub-clinical 
disease, where resistance is assessed as the inci-
dence of disease during production. 

Genetic variation for resistance 
To selectively breed pigs for resistance, resis-
tance to clinical and sub-clinical disease must 
express genetic variation. In its simplest form, 
this means that there must be variation for resis-
tance amongst the pigs (i.e., some of the pigs 
are resistant to disease, some are susceptible, 
while others are within these two extremes), and 
at least part of this variation must be due to the 
genes they have inherited from their parents. 

In most, if not all, animal populations, there ex-
ists individuals that are genetically resistant to 
specific pathogens (Nicholas, 1987; Müller and 
Brem, 1991; Straw and Rothschild, 1992). This 
is also the case for pigs in relation to the patho-
gens that have been investigated (Straw and 
Rothschild, 1992; Rohrer and Beattie, 1999), 
suggesting that there are genes within pig popu-
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lations that convey resistance to specific dis-
eases.

Resistance to specific diseases is not surprising. 
To be resistant, pigs only need genes that code 
the immune system to defend against a specific 
form(s) of pathogen. However, under commer-
cial production conditions, pigs are reared under 
many different production systems, both indoors 
and outdoors, and are exposed to a wide range 
of pathogens (i.e., clinical and sub-clinical dis-
eases). Therefore, pig production would benefit 
from using animals that have general resistance 
to clinical and sub-clinical disease. To have 
general resistance, pigs require genes that code 
the immune system to defend against a wide 
range of pathogens. Despite this, there still tends 
to be genetic variation for general resistance to 
clinical and sub-clinical disease in pigs. 

Two studies involving the Danish Institute of 
Agricultural Sciences (DIAS) indicate that ge-
netic variation for resistance to clinical and sub-
clinical disease exists in the Danish pig popula-
tion. In the first study, Henryon et al. (2001) de-
tected genetic variation for resistance of grow-
ing pigs to five categories of clinical and sub-
clinical disease: (i) any clinical or subclinical 
disease (ii) lameness (iii) respiratory diseases, 
(iv) diarrhoea, and (v) other diseases [i.e., any 
clinical or sub-clinical disease with the excep-
tion of (ii), (iii), and (iv)]. In the second study, 
Berg et al. (unpubl.) detected genetic variation 
for birth assistance in sows. However, there was 
very little genetic variation for resistance to 
MMA in sows and neonatal diarrhoea in piglets. 

The existence of genetic variation in the Danish 
pig population tends to be supported by the few 
other studies carried on piglets, growing pigs, 
and sows. Specifically, Lingaas and Rønningen 
(1991) detected genetic variation for resistance 
to neonatal diarrhoea in the Norwegian pig 
population. Genetic variation was also detected 
for resistance of sows to MMA, mastitis, and 
metritis. Smith et al. (1962) and Lundeheim 
(1988) reported genetic variation for resistance 
of growing pigs to diarrhoea and respiratory 
diseases in the British and Swedish pig popula-
tions.

There are few estimates of genetic variation for 
resistance to clinical and sub-clinical disease in 
pigs. However, the available evidence is en-
couraging. It indicates that genetic variation for 
resistance to clinical and sub-clinical disease 
does exist in pigs, and that selective breeding 
for resistance can be successful. 

Selection criteria 
Selective breeding programs for resistance in-
volve the selection of pigs which possess genes 
that convey resistance. By using these pigs for 
breeding purposes, genes that convey resistance 
are passed onto the next generation, while genes 
that do not convey resistance are removed from 
the population. Geneticists often refer to the 
level of resistance of a pig due to the genes it 
possesses as its breeding value for resistance. 

The success of selective breeding programs is 
largely dependent upon the identification of pigs 
with the highest breeding values for resistance. 
However, there is a catch, as the breeding val-
ues of pigs (i.e., the genes they possess) cannot 
be directly observed. The challenge for pig 
breeders is to find indirect sources of informa-
tion (i.e., selection criteria) that can be used to 
estimate the breeding values of the pigs. 

Breeding value estimates can be obtained using 
the incidence of clinical and sub-clinical disease 
(i.e., health records) during the life of the pigs. 
However, using the incidence of disease as the 
sole selection criterion generally results in unre-
liable breeding value estimates (i.e., degree of 
certainty by which the most resistant pigs can be 
identified). There are two reasons. First, it is of-
ten difficult to correctly diagnose live pigs for 
many clinical and sub-clinical diseases. Second, 
much of the variation for the incidence of dis-
ease is due to environmental factors, such as 
unpredictable exposure to pathogens. Conse-
quently, selective breeding would be more suc-
cessful if other traits, which reflect the resis-
tance of the pigs, could be identified and used as 
additional selection criteria. 

There are two prerequisites required for a trait 
to be suitable selection criterion. First, the trait
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needs to express genetic variation. Second, the 
trait needs to be genetically correlated (i.e., ge-
netically related) with resistance to clinical and 
sub-clinical disease. With few exceptions, all of 
the studies to date have only addressed the first 
of these prerequisites, the expression of genetic 
variation.

In the following section, the suitability of im-
munological parameters as additional selection 
criteria is investigated. Immunological parame-
ters are by no means the only potential criteria. 
In theory, there can be any number of potential 
candidates. Other traits that have attached atten-
tion include post-mortem lesions and quantita-
tive trait loci, while further traits are sure to be-
come available as our understanding of diseases 
and genetics grows. 

Immunological parameters 
The immune system is the natural capacity of 
pigs to resist infection (Janeway et al., 1999). It 
provides a remarkably effective defence mecha-
nism that ensures that, although pigs spend their 
lives surrounded by potentially pathogenic mi-
croorganisms, they become ill only relatively 
rarely. 

Measures of the immune system (i.e., immu-
nological parameters) may provide suitable cri-
teria by which to select pigs for resistance to 
clinical and subclinical disease. The principle is 
simple. Given that the immune system is the 
natural capacity of pigs to resist infection, im-
munological parameters may reflect the func-
tional capacity of the immune system (i.e., im-
muno competence) and, in turn, the ability of 
pigs to resist infection. 

Immunological parameters that have attracted 
attention in Denmark are: 

• Concentration of white blood cells (i.e., leu-
koytes) as the immune system is dependent 
upon the activities of leukocytes. 

• Concentration of acute phase proteins. Acute 
phase proteins are a series of proteins se-
creted into the blood by the liver after the on-
set of infection. These proteins mimic the ac-

tion of antibodies but, unlike antibodies, they 
have broad specificity for pathogens. 

• Amounts of the major histocompatibility 
complex class I and II (MHC I and II) mole-
cules on the surface of the leukocytes. MHC 
I and II molecules are important in the con-
trol of specific components of the immune 
system. 

A study involving DIAS is currently underway 
to assess the suitability of (a) concentration of 
leukocytes, (b) concentration of acute phase 
proteins, and (c) amounts of MHC I and II 
molecules on the surface of the leukocytes as 
selection criteria for resistance in pigs. To date, 
genetic variation has been detected for concen-
tration of leukocytes (Henryon et al., 2002), 
concentrations of acute phase proteins, and the 
amounts of MHC I and II molecules on the sur-
face of the leukocytes. Genetic variation has 
also been detected for other immunological pa-
rameters in other pig populations (Rothschild et 
al., 1984a,b; Mallard et al., 1992; Edfors-Lilja et 
al., 1994). These findings indicate that many 
immunological parameters measured in pigs 
will respond to selection. Certainly, a research 
group in Canada was successful in producing 
genetic lines of pigs with high and low values 
for specific immunological parameters (Wilkie 
and Mallard, 2000). 

It appears that most, if not all, immunological 
parameters in pigs express genetic variation, 
thereby fulfilling the first prerequisite required 
for the parameters to be a suitable selection cri-
terion. However, before these parameters can be 
considered suitable selection criteria, it needs to 
be demonstrated that they fulfil the second pre-
requisite, namely that they are genetically corre-
lated with resistance. This premise is currently 
being tested at DIAS. Preliminary results sug-
gest that there is at least a weak genetic correla-
tion between some immunological parameters 
and resistance. The amount of evidence is not 
overwhelming. However, these correlations do 
provide optimism, as they suggest that at least 
some immunological parameters are genetically 
correlated with resistance, and will provide suit-
able criteria by which to select pigs for resis-
tance.
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Breeding programs 
Current selective breeding programs for pigs 
concentrate solely on the improvement of pro-
duction traits. However, evidence from other 
species (e.g., mice, dairy cattle) indicates that 
there are unfavourable genetic correlations be-
tween production traits and resistance to some 
diseases. Should pigs resemble these species in 
any way, the implications are clear. Breeding 
pigs solely for the improvement of production 
traits is likely to have adverse effects on the re-
sistance to at least some clinical and sub-clinical 
diseases. This, in itself, ought to justify the use 
of selective breeding as a method of disease 
control.

Registration system 
The success of a selective breeding program for 
resistance to clinical and sub-clinical disease is 
dependent upon a well-established registration 
system to record the incidence of disease in 
pigs. Pig production in Denmark does not have 
a well-established registration system. At best, 
young boars from the nucleus breeding popula-
tion of the Danish Pig Breeding Program are re-
corded each time they are treated for a clinical 
or subclinical disease. A boar is assumed to be 
infected with a clinical or sub-clinical disease 
when it is treated for the disease. This registra-
tion system has two major drawbacks. First, 
many non-diagnosed pigs are treated for preven-
tive measures (i.e., majority of pigs within a pen 
group are treated for a disease to reduce the risk 
of disease although only few individuals in the 
pen are diagnosed with the disease). Second, 
many of the clinical and sub-clinical diseases 
are poorly defined. These two drawbacks will 
need to be addressed, and well-established 
registration system will need to be implemented, 
before selective breeding can be used as a 
method of disease control in Danish pig produc-
tion.

Other considerations 
There are several areas that require considera-
tion when selecting pigs for resistance to clini-
cal and subclinical disease. First, it may be un-
realistic to hope to achieve resistance to all 
forms of disease. Diseases differ in their aeti-
ologies, each requiring a different mechanism of 

immunity on the part of the pigs to prevent in-
fection. Furthermore, there is evidence to sug-
gest that some of these mechanisms of immu-
nity may be negatively intercorrelated (c.f. 
Biozzi et al., 1982). Second, during selection of 
pigs resistant to a pathogen, the pathogen is 
likely to evolve to survive in the pig (c.f. Nicho-
las, 1987). Increased resistance in the pathogen 
may offset at least some of the progress made in 
the resistance of the pigs. These two considera-
tions are certain to make selective breeding for 
resistance challenging. However, it may only be 
necessary to make small increases in the resis-
tance of the pigs. This is because a successful 
breeding program for resistance would not only 
reduce the number of infected pigs at any time, 
but simultaneously reduce the risk of suscepti-
ble pigs being infected (c.f. Knap and Bishop, 
2000). In this way, breeding for resistance can 
have a dramatic impact on the incidence of 
clinical and subclinical disease at the population 
level, whereby the population could carry a 
sizeable proportion of susceptible pigs without 
the risk of disease outbreak. 

A further consideration is genotype x environ-
ment interactions. Genotype x environment in-
teractions exist when the relative genetic differ-
ences of genetic groups (i.e., breeds, or full- and 
half-sib families) varies between environments. 
The existence of genotype x environment inter-
actions are important in breeding programs for 
resistance because pigs selected for resistance 
within a particular environment may not be re-
sistance under a range of environments. In such 
situations, selection programs may need to be 
developed for different environments. 

Finally, as our knowledge of the immune sys-
tem grows, it is becoming clear that the immune 
system needs to be stimulated to keep it func-
tionally sharp. By increasing the emphasis on 
clean environments, pig producers could actu-
ally be increasing the susceptibility of the pigs 
to clinical and sub-clinical disease by removing 
the stimulus required to keep the immune sys-
tem fine-tuned. 

Conclusion
This paper demonstrated that selective breeding 
for resistance does provide a viable method to 
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control clinical and sub-clinical disease in pig 
production. Genetic variation for resistance to 
clinical and subclinical disease exists in pigs, 
and there are potential criteria, such as immu-
nological parameters, becoming available to se-
lect pigs for resistance. These findings give pig 
breeders reason to be optimistic, as they demon-
strate that selective breeding programs for resis-
tance will be successful. However, pig breeders 
are yet to respond. With research attention di-
rected towards areas that will further develop 
selective breeding programs for resistance (i.e., 
estimation of genetic variation, identification of 
suitable selection criteria, establishment and de-
velopment of registration systems), such pro-
grams are likely to reduce the reliance upon tra-
ditional methods of disease control, such as 
vaccination and medication. 
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Summary
In spite of antibiotic- and vaccination-program-
mes, infectious diseases are still a major prob-
lem in our animal productions due to the devel-
opment of more and more virulent micro-
organism. It is therefore important to develop 
new strategies to withstand these problems. One 
way to contribute to this is to get more concrete 
knowledge about the molecular and cellular in-
teractions between the micro-organism and the 
host during the pathogenesis. This gives the 
possibilities to make use of the hosts’ own im-
mune defence mechanism through breeding and 
management procedures. A molecule of interest 
in that connection is mannan-binding lectin 
(MBL) that belongs to the first-line innate un-
specific part of the immune system. People de-
ficient in MBL experience a substantial increase 
in infections especially during early childhood 
indicating the importance of MBL for host de-
fence.

At the Danish Institute of Agricultural Sciences 
(DIAS), chickens have been selected for high or 
low concentration of MBL in serum for seven 
generations resulting in two unique lines of 
chickens with very different amounts of MBL in 
the serum. After an experimental virus infec-
tion, the acute MBL response rises 1.5–6 fold in 
chickens with a low genetic level of MBL 
whereas the rise was only 1–3 fold in chickens 
with a high genetic level of MBL. However, 
when the specific antibody titer against the virus 
was measured, the chickens with the highest ge-
netic level of MBL had a significantly lower 
level of specific antibodies. This may be due to 
antiviral activity of MBL performed by neutrali-
sation of the virus before the humoral antibody 
response was activated. 

The MBL acute phase response is not only af-
fected by genetics but also by management pro-
cedures since chickens infected with a virus in

the morning had a higher MBL response com-
pared with chickens infected in the evening. 
Furthermore, an inverse relationship to the hu-
moral immune response was observed. Chick-
ens with the highest MBL response had the 
lowest specific antibody response and visa 
versa.

In order to develop better vaccines without si-
multaneously contributing to the development 
of even more virulent virus strains, a simple 
blocking of the innate immune system may be a 
possibility.

Introduction 
MBL selectively recognises a number of struc-
tural oligosaccharide components on the surface 
of micro organisms in the presence of calcium 
(Turner, 1996). When MBL has bound to a mi-
cro-organism, the complex promotes killing of 
the micro-organism via the MBL-associated ser-
ine proteases (MASP-1 and –2) either by acting 
directly as an opsonin or by activating the lectin 
complement pathway, thereby playing a major 
role in the first-line innate immune defence 
against bacteria, viruses, and parasites. Similar 
to humans, chickens produce MBL and up-regu-
late the production during acute stages of virus 
infections (Laursen and Nielsen, 2000; Juul-
Madsen et al., 2002). MBL may therefore play 
an important role in infections as well as in vac-
cination responses in chickens as well. 

Material and Methods 
To study the host defence role of MBL to infec-
tions in chickens, the acute phase response to 
inoculation with Infectious Bronchitis Virus 
(IBV) was measured in genetically different 
chickens and in chickens that was inoculated 
with virus at different times of the day.  
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The serum MBL concentration and the comple-
ment activation ability of MBL were analysed 
by ELISA- and a complement activation assay, 
respectively as described in Juul-Madsen et al. 
(2002). The Restriction Fragment Length Poly-
morphism (RFLP) profiles of DNA were deter-
mined 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 
generations resulting in two unique lines of 
chickens with very different amount of MBL in 
the serum (Figure 1A). 

By RFLP analysis using the cDNA gene for 
chicken MBL that has recently been isolated 
(Laursen et al., 1998), specific profiles have 
been found in these lines indicating that the 
polymorphism may also carry out functional 
differences (Figure 1B).

Offspring from the F6 generation was used in an 
experiment where the chickens were inoculated 
with IBV. Using a sandwich ELISA, the acute 

phase response of MBL was measured post 
inoculation (Figure 2). The rise in chickens with 
low MBL was measured to be from 1.5-6 fold 
whereas the rise in chickens with high MBL 
only was between 1-3 fold (Figure 2A) even 
though the amount of MBL in mg/mL serum 
was still very different in the two lines (Figure 
2B).

However, when the specific antibody titer 
against IBV was measured, the chickens with 
the highest amount of MBL had a significantly 
lower level of specific antibodies (p < 0.05) 
(Figure 3). This may be explained by antiviral 
activity of MBL resulting in neutralisation of 
the virus before the humoral antibody response 
was activated. 

The MBL level is not only affected by genetics 
but also by management procedures. The acute 
phase response of MBL in commercial chickens 
with different genetic MBL basis concentrations 
was also investigated by experimental inocula-
tion with IBV at different times. The MBL acute 
phase response was followed and a significant 
difference depending upon the time of inocula-
tion of the virus isolate was found (Figure 4).
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Figure 1. A: Two lines of chickens selected for high or low level of MBL in serum (µg/mL).
Chickens from the F6 and the F7 generation are shown. B: RFLP profiles of DNA digested 
with the restriction enzyme Bgl II from chickens with low (L) or high (H) level of MBL in se-
rum
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Figure 2. The mean MBL response after infection with IBV in chickens with low and high se-
rum concentration of MBL shown in % up-regulation (A) and in µg/mL (B) 
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One group was mock infected at 0900 h, one 
group was IBV infected at 0900 h, and one 
group was IBV infected at 2100 h. The acute 
phase response is presented as the relative up-
regulation in relation to a determined basic 
MBL level in each chicken. Each dot at the 
curves represent 10 chickens from each of 2 

separate experiments: one where the chickens 
were bled on days 1, 3, 5, 9, 14, and 18 PI and 
one where the chickens were bled on days 2, 4, 
7, 11, 16, and 21. The values from these two 
experiments were gathered in one curve show-
ing the period with different responses between 
treatments. 
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Figure 4. The relative MBL acute phase response in chickens inoculated with IBV at different 
times of the day 

Chickens inoculated at 0900 h (after a long pe-
riod of dark) had a significantly higher level of 
MBL in serum (p < 0.0068) compared with 
chickens inoculated at 2100 h (after a long pe-
riod of light). These results may indicate that 
diurnal rhythm of hormones can modulate the 
MBL acute phase response. 

The specific antibody titer against IBV in this 
experiment was measured as well and showed – 
as for the selected lines - an inversely propor-
tional response compared with the MBL re-
sponse (Figure 5). Chickens infected in the 
morning had a significantly (p < 0.0091) lower 
concentration of specific antibodies than chick-
ens infected in the evening. 

Finally, chicken serum from the different treat-
ment groups of the last experiment was tested 
for the ability of chicken MBL to activate the 
complement system in a heterologous system by 
deposition of human C4 on the chicken 
MBL/MASP complex (Figure 6). 

The complement activation was found to be di-
rectly associated with the concentration of MBL 
in serum. This result supports the idea that the 
level of MBL in serum affects the degree of 
neutralisation of the virus before the humoral 
antibody response takes over and thereby de-
termines the level of the specific antibody re-
sponse or pushes the immune response into a 
more cellular response. This has to be investi-
gated further. 

Applying the results to vaccinations strategies, 
blocking part of the chicken’s own innate im-
mune system may be a way to develop new and 
better vaccines without simultaneously contrib-
uting to the development of even more virulent 
virus strains. This has to be investigated in the 
future. The effect of the variation in the diurnal 
rhythm and environmental factors on the acute 
MBL response and the subsequent specific anti-
body is another interesting question to analyse 
further.
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Conclusions
• The MBL basis concentration was affected 

by genetics. 
• DNA from chickens with different levels of 

MBL has different RFLP profiles. 
• A polymorphism was found in the promotor 

region of the MBL gene. 
• The MBL acute phase response after inocula-

tion of IBV in chickens with a low genetic 
level of MBL was a 1.5–6 fold increase. 

• The MBL acute phase response after inocula-
tion with IBV in chickens with a high genetic 
level of MBL was only a 1–3 fold increase. 

• The MBL acute phase response was affected 
by the time of the inoculation of virus. 

• The MBL concentration was directly associ-
ated with the ability to activate the comple-
ment system. 

• Chickens with a higher (genetic or stimu-
lated) level of MBL had a lower IBV specific 
antibody response. 
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Abstract
In china, there are about 3000 metric tons feed 
antibiotics used as growth promoter per year. 
Along with the vigorous development of feed 
industry and the increase in social concept of 
food and environment safety, most people are 
becoming deeply aware of that the feed safety is 
important for keeping food and environment 
healthy. Now, the feed antibiotics are now one 
of the most important factors that affect the feed 
safety, in spite of their distinctive effect on per-
formance of animals. So, the first thing to solve 
the problem is to develop alternatives to AGP. 
In china, alternatives to AGP mainly include 
enzymes, probiotics, herbal medicines and oli-
gosaccharides. 

The history of researching and using of feed en-
zymes in china is just about ten years. But now 
more and more feed producers and consumers 
use the additive. These enzymes mainly include 
phytase, cellulase, ²-glucanase, ±-galactosidase, 
xylanase, amylase, protease, pectinase. So far, 
the number of the plants which can produce 
2000 tons of feed enzyme per year is 40 in 
china. It may be forecasted that feed enzymes 
will became a key technology to improve the 
development of feed industry in 21st century. 

In China, the research of probiotics started in 
1980’s. In 1999, the Ministry of Agriculture of 
China announced the following 12 kinds of pro-
biotics additives: Lactobacillus casei, Lactoba-
cillus plantum, Lactobacillus acidophilus, 
Streptococcus faecalis, Streptococcus faecium, 
Streptococcus lactis, Pediococcus acidilacticii, 
Bacillus subtilis, Bacillus natto, Candida utilis, 
Rhodospseudomonas palustris, Saccharomyces 
cerevisiae. In fact, some other kinds of probiot-
ics such as Bacillus cereus, Bacillus licheni-
formis, Bifidobacterium adolescentis, Bifidobac-
terium sp. have been in use. 

One of the more recently celebrated concepts is 
that of using herbs and the active substances 
contained therein. They have many possible 
modes of action to animals. Some herbs are well 
known to have antimicrobial effects, others have 
an astringent effect on the intestine, and can en-
courage efficient digestion. The latest nation-
wide survey reveals that about 11200 kinds of 
Chinese medicinal herbs are being used in 
China, and among them about 500 kinds were 
supplied as feeding supplement. 

In addition, the following oligosaccharides are 
in use to test their effects on performances of 
animals in China: -Glucooligosaccharides, -
GOS; Mannanoligosaccharides, MOS; Fractoo-
ligosaccharides, FOS; Galactooligosaccharides, 
GAS; Xylooligosaccharides, XOS, and so on. 

In general, most of the alternatives to AGP are 
still in the stage of researching and testing about 
their effects on animals in China. And it’s very 
difficult to use them on a large scale in present 
animal production because of the following fac-
tors: (1) Cost is High; (2) Effects are unstable or 
indistinctive; (3) Activity is easy to be lost in 
pelleting process. 

But along with further researching and testing, 
the use of alternatives to AGP in animal food 
production will become more and more popular 
in China. Key words: feed additive, antibiotics, 
alternative, China. 

Introduction 
Antibiotics are compounds produced by micro-
organisms. These compounds have the proper-
ties of inhibiting the growth or metabolism of 
other harmful microorganisms. Antibiotics 
have, in general, been effective as growth pro-
moters when fed at low levels to young and
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growing animals. The response of antibiotics in 
growth and feed efficiency are apt to be variable 
among species, ages and environmental condi-
tions. For example, there is little or no response 
in very clean surroundings or in germ-free ani-
mals raised under aseptic conditions. Generally, 
the most pronounced responses in young ani-
mals occur in situations where organisms such 
as E. Coli or other organisms causing diarrhoea 
are in high concentrations because antibiotics, 
as a rule, will help to reduce the incidence or 
severity of several types of diarrhoea. Recent 
research has demonstrated that adding antibiot-
ics to animal diets will improve growth per-
formance or nutrient availability. In china, there 
are about 3000 metric tons feed antibiotics used 
as growth promoter per year. Up to date, some 
efficacy studies have been conducted with anti-
biotics in monogastric animals (Table 1). 

However, Long term use of antibiotics in feed 
will cause (1) microbes to become resistant to 
drugs, (2) immunity of animals to decline, (3) 
endogenous infection and reinfection in ani-
mals, (4) residues of antibiotics in animal prod-
ucts and environment. 

Especially, the residual problems of antibiotics 
in carcasses are limiting its use in diets of pigs 
and broilers, and the concerns in the use of anti-
biotics are growing, although lots of researchers 
have been demonstrated the effects of antibiot-
ics in pig as a growth promoter. In short, along 
with the development of feed industry and the 
increase in social concept of food and environ-
ment safety, most people are becoming deeply 
aware of that the feed safety is important for 
keeping food and environment healthy. Because 
the feed antibiotics are now one of the most im-
portant factors that affect the feed safety, animal 
producers have to find alternatives to AGP. In 
this aspect, responses of China government is 
very positive. Research on antibiotic residue in 
animal products was listed in the Eighth and 
Ninth Five-year National Key Research Pro-
jects. In 1997, the standards of maximum quan-
tity of antibiotic residue in animal products were 
enacted. In 2000, the Feed Safety Project was 

started. All these showed that China government 
has paid much attention to the development of 
„Green feed additives“. So far, the alternatives 
to AGP mainly include enzymes, probiotics, 
herbal medicines and oligosaccharides in china. 

Alternatives to AGP in China 
Enzymes
Until now, there have been numerous studies 
and reviews on the use of enzymes for im-
provement of feed utilization in monogastric 
animals. Monogastric animals cannot utilize cell 
walls to the same extent as ruminants except 
through products of hindgut fermentation.  

Therefore the primary objective of the use of 
enzymes as feed additives is the extensive deg-
radation of ‘fiber’ prior to the ileum to render 
nutrients available for digestion within the small 
intestine. Such an approach may improve the 
utilization of currently used feedstuffs and in-
crease the range of feed ingredients suitable for 
inclusion in animal diets. Because of the com-
plex nature of non-starch polysaccharides 
(NSP), an enzyme addition must contain a mix-
ture of enzymes with different specifications. 
Thanks to the increase in knowledge of cell wall 
composition and structure and of the digestive 
physiology of the animal, the use of enzymes in 
livestock production has been evolved in recent 
years.

The history of researching and using of feed en-
zymes in china is just about ten years. But now 
more and more feed producers and consumers 
use the additive. These enzymes mainly include 
phytase, cellulase, ²-glucanase, ±-galactosidase, 
xylanase, amylase, protease, pectinase. So far, 
the number of the plants which can produce 
2000 tons of feed enzyme per year is 40 in 
china. It may be forecasted that feed enzymes 
will became a key technology to improve the 
development of feed industry in 21st century. 
Table 2 shows the positive effects of various 
enzymes on growth performances in as reported 
by some researchers. 
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Table 1. Effect of key antibiotics on the performances of pig and broiler in China (Tong, 2000) 

Pig (1-60 day old) Broilers(1-21 day old) Antibiotics
Add.

(mg/kg) 
Gain (+%) FCR (+%) Add. 

(mg/kg) 
Gain (+%) FCR (+%) 

Chlorteracyeline 75 27 9.8 35 7.6 6.9 
Bacitracin Zinc 40 15 5.6 20 12 5 
Flavomycin 20 21 7.6 5 4.1 5 
Verginiamycin 20 10 5 10 5.4 4.3 

Table 2. Effects of feed enzyme additives on pigs and broilers in China 

Enzyme Add. (U/kg) Test animal ADG (+%) F:G (-%) References 
-Galactosidase 60  piglet 10.45 6.37 Pan, 2002 

Xylanase 1500 broiler 2.27 4.44 Wu, 2002 
Pectinase 60 broiler 5.97 1.75 Wang, 2002 
Phytase 1200 piglet 56.94 28.48 Liu, 1997 
Phytase 800 growing pig 50 10 Chao, 1995 

Probiotics
The importance of maintaining an normal intes-
tinal microflora in monogastric animals has 
been recognized for many years. In the past de-
cades, the most common method of repressing 
the harmful microorganisms has been treated 
with anti-bacterial agents. Since the regulation 
prohibits the use of subtherapeutic levels of an-
tibiotics, the use of probiotics as a possible al-
ternative to antibiotics has received renewed in-
terest. 

In China, the research of probiotics started in 
1980’s. In 1999, the Ministry of Agriculture of 
China announced the following 12 kinds of pro-
biotics additives: Lactobacillus casei, Lactoba-
cillus plantum, Lactobacillus acidophilus, 
Streptococcus faecalis, Streptococcus faecium, 
Streptococcus lactis, Pediococcus acidilacticii, 
Bacillus subtilis, Bacillus natto, Candida utilis, 
Rhodospseudomonas palustris, Saccharomyces 
cerevisiae. In fact, some other kinds of probiot-
ics such as Bacillus cereus, Bacillus lichenifor-
mis, Bifidobacterium adolescentis, Bifidobacte-
rium sp. have been in use. Some test results of 
probiotics are listed in the following tables. 

Herbal medicines 
One of the more recently celebrated concepts is 
that of using herbs and the active substances 
contained therein. They have many possible mo-
des of action to animals. Some herbs are well 
known to have antimicrobial effects, others have 
an astringent effect on the intestine, and can en-
courage efficient digestion. The latest nation-
wide survey reveals that about 11200 kinds of 
Chinese medicinal herbs are being used in Chi-
na, and among them about 500 kinds were sup-
plied as feeding supplement. Some test results 
of herbal medicine are showed in the following 
tables.

Oligosaccharides
In addition to all above alternatives, oligosac-
charides are expected to become an alternative 
to AGP. The following oligosaccharides are in 
use to test their effects on performances of ani-
mals in China: -Glucooligosaccharides, -
GOS; Mannanoligosaccharides, MOS; Fractoo-
ligosaccharides, FOS; Galactooligosaccharides, 
GAS; Xylooligosaccharides, XOS, and so on. 
Some test results in China are listed in Table 7. 
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Table 3. Effects of probiotics on egg hens 

Probiotics or
antibiotics 

Supplement 
(mg/kg) 

Number 
of hens 

Laying rate 
(+%)

Feed/Egg
(-%)

Mortality rate 
(-%)

Bacillus cereus 1000 2400 3.04 0.89 0.36 
Bifidobacterium
adolescentis 1000 2400 4.37 2.54 0.69 

Lactobacillus
acidilacticii 1000 2400 3.59 1.16 0.77 

Bifidobacaterium sp. 1000 2400 5.65 3.49 1.23 
Flavomycin  
(Pos. Control) 4 2400 5.12 2.38 0.92 

Neg. Control - 2400 - - - 

Table 4. Effects of probiotics on weanling pigs (Wang, 2002) 

Probiotics or
antibiotics 

Supplement 
(mg/kg) 

Number 
of pigs 

ADG
 (+%) 

Feed/Gain
(-%)

Diarrhoea rate 
(-%)

Bacillus cereus 1200  276 3.53 2.76 18.7 
Lactobacillus
acidilacticii 1200 276 3.35 2.51 20.5 

Bifidobacaterium sp. 1200 276 7.06 4.42 31.4 
Flavomycin  
(Pos. Control) 5 276 7.12 4.37 29.3 

Neg. Control - 276 - - - 

Table 5. Effects of Chinese herbal supplementation on growth performance in piglets (Piao, 
2002)

Add. ADG (g/d) ADFI (g/d) FCR 
0.08% Olaqindox 538 891 1.66a

0.04% Olaquindox + 0.4% Herb 541 852 1.58ab

0.8% Herb 592 913 1.54b

P value 0.35 0.68 0.03 

Table 6. Effects of different herbal polysaccharides on the performance of broilers (Chen, 
2002)

 Add. (mg/kg) ADG (g) ADFI (g) F/G Mortality % 
Aloe polysaccharide 200 38.3 73.8 2.09 4.2 
Astragalan polysaccharide 200 35.9 71.1 1.98 5.2 
Achyranthan polysaccharide 200 38.5 78.5 2.04 3.8 
Control (CTC) 80 35.5 73.1 2.06 4.2 
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Table 7. Effects of oligosaccharides on weanling pigs (Wang, 2002) 

Probiotics or
antibiotics 

Supplement 
(mg/kg) 

Number 
of pigs 

ADG
 (+%) 

Feed/Gain
(-%)

Diarrhoea
rate (-%) 

Glucooligosacchari 2000 36 5.36 0.21 9.17 
Froctooligosaccharide 2000 24 4.21 0.55 8.26 
Flavomycine 4 36 7.18 3.97 12.58 
Neg. Control - 36 - - - 

Alternatives to AGP and environment
Another effect of the alternatives to AGP is to 
alleviate environmental pollution through the 
following pathways: (1) Decrease odor gas. In 
this aspect, probiotics have a significant effect. 
For example, EM in feed can decrease the den-
sity of bad odor by 92%~97%, and improve sig-
nificantly the environmental quality of chicken 
houses (Liu, 2002); (2) Decrease excretion of 
nutrients such as P and N. Because monogastric 
animals lack the enzyme phytase which is re-
quired to release the organically-bound phytin 
phosphorous in cereal grains, their feed must be 
supplemented with inorganic phosphorous. The 
end result is phosphorous pollution of land and 
ground water through manure application. Addi-
tion of microbially derived phytase to animal 
feeds is being implemented to reduce or even 
replace the need for inorganic phosphorous sup-
plementation through enhanced utilization of 
phytin phosphorus by monogastric animals. Pigs 
and poultry wastes account for nearly half of the 
total P excretion by animals. The high amount 
of P returned to the environment is a great con-
cern in many countries, and is of even more 
concern in those areas of the world where ani-
mal populations are dense, and land and water 
resources are limited. 

Conclusion
In short, alternatives all above have some ef-
fects on performances of animals to some ex-
tent, but most of them are still in the stage of re-
searching and testing in China. And it’s very 
difficult to use them on a large scale in present 
animal production because of the following fac-
tors: (1) Cost is High; (2) Effects are unstable or 
indistinctive; (3) Activity is easy to be lost in 
pelleting process. But along with further re-
searching and testing, the use of alternatives to 

AGP in animal food production will become 
more and more popular in China. 
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Abstract
There are inadequate quantitative data available 
on the use of alternatives to AGP in the USA, so 
this paper is based on informal observations and 
conversations. The industry expects progres-
sively tighter constraints in the future, and is 
very interested in technology that will smooth 
the transition to animal production without 
AGP. Antibiotics for use in animal feeds are se-
lected more on the basis of their perceived value 
in protection against disease than on the basis of 
their efficacy in promoting growth. There are 
significant differences in pig production systems 
between the USA and western Europe, and 
these differences may impact the use of both 
AGP and alternatives. The US industry is char-
acterized by fewer constraints on the use of 
AGP, widespread adoption of all in/all out pig 
flow, aggressive bio security measures, early 
weaning, and sophisticated nursery feeding pro-
grams. The US industry uses very high levels of 
lactose, mostly from dried whey, in early nurs-
ery diets. Spray-dried plasma in the early diets 
increases growth rate dramatically, and is 
widely used in the USA. Zinc oxide and copper 
sulfate are used extensively in early nursery di-
ets in the US pig industry. Diet acidifiers are 
used much less in the USA than in Europe, be-
cause they appear less effective in diets contain-
ing high levels of milk products, such as those 
we use. Other products including mannan oligo-
saccharide, egg immunoglobulins, and direct-
fed microbials are also used in the USA, but less 
widely.

Introduction 
Restrictions on the use of antibiotics in animal 
production in the USA are tightening, but are 
much less constraining than those in the Euro-
pean Union. The industry expects progressively 
tighter constraints in the future, and is very in-

terested in technology that will smooth the tran-
sition to animal production without AGP. 

Antibiotics for use in animal feeds are selected 
more on the basis of their perceived value in 
protection against disease than on the basis of 
their efficacy in promoting growth. Where AGP 
are withdrawn, the loss of growth promotion has 
a cost, but the loss of disease control is of much 
greater concern to producers and veterinarians. 

There appear to be no reliable quantitative data 
on the use of alternatives to AGP in the USA. 
Therefore, the following comments are based on 
my informal observations and conversations, as 
an academic and an active participant as a con-
sultant in the pork production industry. I am not 
close enough to the poultry industry to make 
useful comments about it. 

Related issues 
Production systems 
The US pig industry has adopted new produc-
tion systems designed to improve health. All 
in/all out pig flow, often by site (farm), is a cen-
tral component of these systems. All in/all out 
flow allows interruption of disease circulation 
within a population when the facility is emptied, 
cleaned, and disinfected, and is substantially 
more effective when applied to the farm than 
when applied only to the building or room 
within a farm. The industry also has adopted 
aggressive bio security policies and sanitation 
programs. The shift to large production systems 
has facilitated adoption of these strategies. 

Weaning age 
The US industry weans piglets earlier than the 
European industry does, often between two and 
three weeks of age. The younger weaned piglet
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requires more sophisticated facilities, diets, and 
care than if weaned later. The move to earlier 
weaning has been driven partially by economic 
considerations, but also by health concerns. 
Early weaning interrupts the vertical 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 three to four weeks of 
age.

Nursery diets 
The feeding programs used for weaned pigs in 
the USA are complicated, consisting of three to 
six different diets fed in sequence. The first diet 
is especially sophisticated, containing high lev-
els of several special ingredients that are not fed 
to older pigs. It is economically feasible to feed 
so expensive a diet only because we feed only a 
small amount of it, less than 1 kg/pig. As the pig 
matures, it receives progressively less sophisti-
cated (and less expensive) diets, until it gets a 
simple diet based on maize and soybean meal 
by perhaps 15 kg body weight. 

The pigs are dramatically healthier when given 
these sophisticated feeding programs than when 
fed simpler diets and simpler programs. We 
could not realistically have reduced the weaning 
age so far without these dietary improvements. 

Alternatives to AGP 
There is enormous interest in the USA in tech-
nologies for reducing the amount of antibiotics 
used in pig production. There is ubiquitous use 
of some of these technologies, along with AGP, 
and current interest in adopting others. 

In general, the data on feed ingredients pro-
posed as alternatives to AGP suggest that some 
may be useful, but most are less powerful in ei-
ther promoting growth or protecting against dis-
ease than are antibiotics. Some of these products 
are likely to provide benefits even in the pres-
ence of AGP. 

Milk products 
In many cases the first diet the pigs receive after 
weaning contains more than 20% lactose, 
mostly from dried whey. The level of lactose is 
gradually reduced in successive diets, and usu-
ally reaches zero by the time the pigs are about 
15 kg body weight. It is clear that lactose im-
proves growth performance, but it is not clear 
how. Perhaps it alters bacterial populations 
and(or) pH in the digestive tract. 

There may be also benefits from the milk pro-
teins, including immunoglobulins. Products 
containing casein, such as dried skim milk, are 
rarely used because of cost. 

Spray-dried plasma 
A meta-analysis conducted in The Netherlands 
(van Dijk et al., 2001) showed that inclusion of 
spray-dried animal plasma in the diet of weaned 
pigs in several studies increased the growth rate 
by an astounding 27%, on average. Few tech-
nologies in animal production are so powerful! 
The mode of action of plasma is not known, al-
though some evidence suggests that it affects 
the immune system. 

Spray-dried plasma is included in many of the 
early nursery diets in the USA. 

Zinc oxide and copper sulfate 
The use of high levels of zinc oxide (usually 
>2,000 ppm Zn) is ubiquitous in early nursery 
diets in the USA. Conversations with pig pro-
ducers and veterinarians indicate they have a 
great deal of confidence in the ability of zinc 
oxide to protect pigs against enteric infections, 
primarily with E. coli. Nutritionists appreciate 
the growth promotion it provides. 

High levels of copper sulfate (>125 ppm Cu) are 
also widely used for growth promotion. 

Acids
Diet acidifiers are used much less in the USA 
than in Europe, although much of the early re-
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Table 1. Pen and housing design 

 Farm A Farm B Farm C 
Pens per section 
Pigs per pen 
Flooring
Feeding system  
Feeding regimen 
Pigs per drinking bowl 

12
35

partly slatted 
tube feeder 

ad lib 
17

24
30

partly slatted 
tube feeder 

ad lib 
15

4
200-250

deep litter 
tube feeder 

ad lib 
30

Weaner room

Flowmeter
Water in

Temperature

Relative Humidity

Feed in

Scale Micro 
computer

PC

Feed 
storage

Figure 1. Schematic diagram of experimental set-up 

Water disappearance was recorded in 2 min in-
tervals while feed disappearance was measured 
in 10 kg intervals. Temperature (inside and out-
side) and relative humidity was recorded con-
tinuously via sensors connected to the ventila-
tion system. All data were logged every two 
minutes and stored in a local microcomputer. 
Every 24 hours data were transmitted to a cen-
tral database via modem link. In addition, the 
farm staff recorded any management interven-
tion such as treatment of sick animals, change of 
feed, removal of dead animals, etc., in a log-
book.

Water monitoring - results 
Utilization of water and feed disappearance data 
in pig management implies that it is possible to 
distinguish between changes in water or feed 

consumption, which are associated with stress-
ors or disease, and changes in intake, which are 
related to natural diurnal variation. The results 
from monitoring water disappearance rate in 
two-minute intervals indicated that it was char-
acterised by a distinct circadian pattern. 

A similar pattern was not detected for feed dis-
appearance, which was monitored in 10 kg por-
tions. This measure was too large to indicate a 
specific eating pattern in weaners. 

Pigs’ water intake pattern has not previously 
been reported, while water intake has been 
shown to be closely 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 as a cyclical event 
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search on organic acids was done in the USA 
(e.g. Easter, 1988). Some studies (Burnell et al., 
1988; Allee et al., 1999) have shown that acids 
are less beneficial in diets that include milk 
products than in simpler diets, and that observa-
tion has diminished the interest in practical use 
of acids in the USA. There has emerged the 
concept that lactose is converted to lactic acid in 
the stomach, and therefore mimics the effects of 
acids. This concept and other aspects of poten-
tial roles of diet acidifiers are now under re-
newed investigation in my laboratory and else-
where in the USA. 

Mannan oligosaccharide 
This product derived from yeast cell walls pro-
duces a small but clear increase in growth rate 
in weaned pigs (Miguel et al., 2002). Its mode 
of action is unclear, but it may include preven-
tion of pathogen binding to the gut wall and(or) 
effects on the immune system. Several feed 
companies and pork producers use it. 

Egg immunoglobulins 
Hens are immunized against specific porcine 
pathogens, and immunoglobulins from their 
eggs are prepared into a feed additive. A battery 
of hens immunized against different pathogens 
supports development of a product providing 
passive immunity to several diseases. The in-
dustry uses this product to some extent. It is 
sometimes combined with spray-dried plasma. 

Direct-fed microbials 
Direct-fed microbials have been available for 
decades. The industry chooses to use them to 
some extent, but they are not ubiquitous in nurs-
ery feeding programs. There continues to be a 
significant amount of research reported on such 
products.

Others
There is continuing interest in botanicals and in 
fructo-oligosaccharides, but in my judgment 
they are not used extensively by the US pig in-
dustry. There is research activity with competi-
tive exclusion. 

Conclusions
The degree of government control of antibiotic 
use, pig production systems, weaning age, and 
nursery diet formulations all impact the use of 
AGP and alternatives by the pig industry. These 
factors tend to be different in the USA from 
Europe, so use of AGP and alternatives are dif-
ferent also. There is acute and widespread inter-
est in methods for producing pigs without AGP 
in the USA. 

The US pig industry uses milk products, spray-
dried plasma, zinc oxide, and copper sulfate 
very widely. It also uses acids, mannan oligo-
saccharide, egg immunoglobulins, and direct-
fed microbials, but to a lesser extent. Acids are 
used much less in the US than in Europe. 
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