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ABSTRACT

The aim of this study was to describe measures in developing the health class system
for feeder pigs, the LSO 2000 quality chain. The work covered such measures in the
farrowing herds raising health-classified feeder pigs as eradication programmes of
sarcoptic mange and swine enzootic pneumoniae and a prevalence study of different
Brachyspira species. A further aim was to describe results achieved in the finishing
units of the health class including production results, meat inspection findings, and
diagnoses and treatments given to the finishing pigs.

The eradication attempt against swine enzootic pneumoniae using different variations
of the partial depopulation method succeeded in 81% of the herds and failed or re-
mained uncertain in 19%. The result was confirmed with clinical follow-up of health
status both in the farrowing and the finishing herds, with milk and/or blood serology
and with follow-up of pneumonia figures. Possible causes for failure of the eradica-
tion attempts were described including infected replacement animals, distance be-
tween infected and uninfected animals, time period between diagnosis of swine en-
zootic pneumoniae and initiation of the programme, age of the youngest animal kept
on the farm, length of time that animals with different status were reared close to each
other, types of medications used, cleaning of the facilities during the programme and
season. Good co-operation between the farmer, local veterinarian and animal health
service of the slaughterhouse was an essential component in the initiation and the
follow-up of the programme.

The second study demonstrated that mange can be eradicated not only at herd but also
at population level. The local veterinarians eradicated sarcoptic mange from the herds
with two ivermectin injections or three treatments with phoxim pour-on. The study
consisted of a questionnaire administered to the farmers, 25 farm visits and the regu-
lar control of the health class. Altogether 96% of the mange eradication programmes
were successful. In most of the successful herds (90%), the local veterinarian had
treated the animals with the recommended methods, and the majority of farmers
(88%) had cleaned and sprayed the pens with insecticides on the days of treatment.
Herd visits confirmed the absence of the parasite. The number of complaints about
mange in the finishing units buying health-classified feeder pigs was low. The en-
zyme-linked immunosorbent assay (ELISA) test proved to be a potentially useful tool
for monitoring the efficacy of mange eradication programmes.

Study III provided the information needed in planning the strategies of the LSO 2000
system against different Brachyspira species. Initially, faeces samples were taken
from five farrowing herds to estimate the number of samples per herd required for
diagnosis. Secondly, the prevalence of Brachyspira species was studied in feeder pigs
originating from LSO 2000 health-class farrowing herds. Fifty out of 428 herds were
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sampled once. Brachyspira hyodysenteriae was not isolated from any of them, but
Brachyspira intermedia, Brachyspira pilosicoli and Brachyspira group III were iso-
lated from 10, 28 and 74 % of the herds, respectively. The detection of Brachyspira
species was not related to the prevalence of diarrhoea in the herds, as judged by the
farmers. The herds using carbadox had a lower Brachyspira prevalence than those
using olaquindox. The study showed that Brachyspira species other than Brachyspira
hyodysenteriae were frequently isolated from LSO 2000 farrowing herds. Thus, re-
quiring health-class herds to be free of any Brachyspira species other than Brachy-
spira hyodysenteriae may not be feasible.

In the LSO 2000 finishing herds, 91% of pigs received no treatments. The informa-
tion was collected from 595 log book records (207442 pigs). Four percent of the
groups were given antimicrobial mass medications. The local veterinarian visited the
herds on average 2.6 times during the finishing period and made the diagnoses in
more than half of the cases. At least one pig in more than half of the groups was
affected with arthritis or tail biting, whereas other locomotory diseases were recorded
in about one third of the groups. All other diagnoses were encountered in 1-13% of
the groups. Only a small percentage of pigs were treated individually for specific
diseases in the affected groups. Antimicrobial drugs were given to 8% of the pigs. The
use of β-lactam antibiotics, tetracycline and the group of lincosamides, macrolides
and pleuromutilins was common, while the use of trimethoprim-sulphonamide, enro-
floxacin and the combination of several antimicrobials was rarer. Only 0.7% of the
pigs were treated with medicines other than antimicrobials.

The effects of health classification and of housing and management on performance
and meat inspection findings were studied in 166 all in – all out finishing herds. The
benefits obtained by health classification of the feeder pigs included a substantial
increase in daily gain (37 g, about 5%) and a decrease in time in the finishing unit (4
days, about 4%), a decrease in mortality (odds ratio, OR 0.68), pneumonia (OR 0.37)
and pleuritis (OR 0.60), and a substantial decrease in liver (OR 0.45) and organ (OR
0.72) condemnations. Classification of the pigs had no effect on the prevalence of
whole carcass condemnations, arthritis or abscesses. The health-classified pigs unex-
pectedly had more partial carcass condemnations (OR 1.15) than the standard-class
pigs. The benefits of the LSO 2000 units were an increase in daily gain (14 g, about
2%), a decrease in time (2 days, about 2%) and mortality (OR 0.69) and a decrease in
whole carcass (OR 0.69) and partial carcass (OR 0.81) condemnations. The LSO
2000 units did not have any advantage over the non-LSO 2000 units in prevalence of
liver or organ condemnations, arthritis, abscesses, pneumonia or pleuritis. The study
demonstrated that health classification of feeder pigs as well as their housing and
management have a clear effect on performance and meat inspection findings of the herd.
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ABBREVIATIONS

A. pleuropneumoniae Actinobacillus pleuropneumoniae
ADG Average daily gain
AIAO All in – all out
B. group III Brachyspira group III
B. hyodysenteriae Brachyspira hyodysenteriae
B. intermedia Brachyspira intermedia
B. pilosicoli Brachyspira pilosicoli
CI Confidence interval
 oC Degrees centigrade
ELISA Enzyme-linked immunosorbent assay
EU European Union
FIM Finnish mark
g Gram
HACCP Hazard analysis and critical control point
HC Health class
kg Kilogram
l Litre
LSO Lounais-Suomen Osuusteurastamo (Southwestern Finland’s

Cooperative Slaughterhouse), currently LSO Foods Ltd
mcg Microgram
mg Milligram
MD Minimal disease
M. hyopneumoniae Mycoplasma hyopneumoniae
OR Odds ratio
OD Optical density
PCR Polymerase chain reaction
PIS Porcine intestinal spirochetosis, caused by Brachyspira

pilosicoli
PRRS Porcine reproductive and respiratory syndrome
 Registered trademark
S. scabiei Sarcoptes scabiei
SC Standard class
SD Standard deviation
SPF Specific pathogen-free
SEP Swine enzootic pneumoniae, caused by

Mycoplasma hyopneumoniae
TGE Transmissible gastroenteritis
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INTRODUCTION AND REVIEW OF THE LITERATURE

A brief introduction to Finland and its pork production

Finland with a population of 5.2 million people is situated in northern Europe be-
tween the 60th and 70th parallels of latitude. One quarter of its total area lies north of
the Arctic Circle. Forests cover three quarters of the country’s surface area of 338 000
square kilometres. Other outstanding features of Finland’s scenery are some 190 000
lakes and approximately as many islands. The climate is marked by cold winters and
warm summers. The mean annual temperature in the capital, Helsinki, is 5.3°C. The
highest daytime temperature in southern Finland during the summer occasionally ris-
es to almost 30°C. During the winter months, particularly in January and February,
temperatures of -20°C are not uncommon (www.finland.fi).

In Finnish piglet-producing herds, the average number of sows per farm is about 50.
Finnish Landrace and Finnish Yorkshire are the main pig breeds used. Both breeds are
improved under the National Breeding Scheme run by the Finnish Animal Breeding
Association (FABA). Pig breeding is carried out at approximately 60 specialized pig
breeding farms. Fattening piglets are produced either on specialized piglet production
farms, where weaners of 20-30 kg in weight are sold to specialized fattening units, or
on integrated production farms, accounting for one third of fattening pigs produced
(www.faba.fi).

There are 1.5 million pigs in Finland, of which 184 400 are sows and 530 500 are
fattening pigs. Altogether 183 million kg of pork is produced, 22 million kg exported
and 15 million kg imported. In 1999, self-sufficiency of pork in Finland was 103%
and pork consumption per capita was 34 kg (Anonymous, 2000c). The average
slaughter weight of the 2169000 pigs slaughtered in 1999 was 83.7 kg (Anonymous,
2000d). Most of the pigs are raised in south-western or western Finland. Out of the 30
slaughterhouses in Finland, the largest are Atria Ltd. and HK Foods, each with about
a 30% market share.  A great deal of meat sold in Finland is branded. All major
slaughterhouses also process meat and have their own brands (Tuovinen, 1999b).

Control measures of infectious diseases

In general, the major problems confronting the swine industry are not specific infec-
tious diseases but rather complex production problems, which may be due to a combi-
nation of infection, mismanagement, environmental influences, genetics and prob-
lems with feeds or feeding systems (Radostits et al., 1994b). However, a large number
of infectious diseases affect food-producing animals and their control must be con-
sidered in any animal health management programme (Radostits et al., 1994c).
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Direct and indirect consequences of a disease have been defined and ranked accord-
ing to the sensitivity and awareness of the farmer: 1) mortality and abortions, costs of
treatments, regulatory cullings; 2) discarded products and slaughter refusals, penal-
ties on selling prices, emergency cullings, trade restrictions; 3) costs of preventive
interventions; 4) reduction in milk or meat productivity, decrease in selling prices,
increase in culling rate; 5) decrease in genetic improvements, additional labour costs
(Seegers et al., 1994). Different components can be aggregated in economic terms to
obtain the total cost of disease. Farm-related diseases and production problems need
to be controlled at farm level by the farmers themselves (Enting et al., 1998). A
number of health and fertility problems are generally present but vary greatly in de-
gree of frequency and severity across farms. Farmers can underestimate the economic
impacts of these problems, especially when they become accustomed to the presence
of such problems (Dijkhuizen, 1989).

Infectious diseases can be prevented, controlled or eradicated (Radostits et al.,
1994c). Prevention refers to excluding clinical disease or infection and perhaps sub-
clinical disease from an unaffected population or to protecting a population from a
disease in an infected area by vaccination or other means. Control simply describes
the efforts directed towards reducing the frequency of existing disease to lower, ac-
ceptable levels. Finally, the disease can be eradicated, which means a total elimina-
tion of the disease.

Some infectious diseases can be eradicated from a herd, geographic area or country.
Eradication strategies have been employed for many years, long before the specific
causes of diseases were known (Radostits et al., 1994c). In some countries, diseases
such as foot-and-mouth disease, African swine fever, swine fever, Aujeszky’s disease,
tuberculosis, and Brucella suis are not present because of current national disease-
eradication policies (Radostits et al., 1994b). These countries must have effective
systems to examine the health status of imported breeding stock to prevent the intro-
duction of infected animals. While the health situation has improved in Europe, some
serious epizootics remain (Bendixen, 1988; Hinton and Green, 1997). Eradication
programmes of infectious agents should include all farms in one region, not only
single herds (Stärk et al., 1992a; Laube et al., 1996), and they could also be directed at
diseases other than those on O.I.E. (Office International des Epizooties) A- or B-lists.
For example, such a programme against swine enzootic pneumonia (SEP) was started
in Switzerland in 1996 (Laube et al., 1997).

The Nordic countries have a long history of stringent public policy to control infec-
tious diseases. Finland, for instance, is known to be free of many infectious pig dis-
eases such as Aujeszky’s disease, swine influenza, porcine reproductive and respira-
tory syndrome (PRRS), swine vesicular disease, transmissible gastroenteritis (TGE)
and swine fever (Anonymous, 1998b). In addition, some infectious diseases present
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in Finnish herds are not widely spread. Tuovinen et al. (1994c) monitored the preva-
lence of enzootic pneumoniae with colostrum serology and found that only 8% of
herds were positive for M. hyopneumoniae antibodies in southwestern Finland. In the
province of Vaasa, the apparent prevalence of M. hyopneumoniae-infected herds was
estimated at 39% (Rautiainen et al., 1998). Similarly, only 2% of herds in southwest-
ern Finland had clinical signs of swine dysentery (Tuovinen et al., 1994c). The reason-
ably low prevalences of SEP and swine dysentery make it possible to further reduce
or even eliminate these agents. In the case of sarcoptic mange, most Finnish herds
were known to be infected by S. scabiei (Tuovinen et al., 1994c). Information about
the prevalence and significance of Brachyspira species other than B. hyodysenteriae
is also needed to allow planning of measures to control these organisms if necessary.

Finland’s membership in the European Union (EU) meant great changes in animal
trade. Since 1995, the official authorities have been unable to arrange border control
or quarantine for some diseases. The food industry organized a voluntary border con-
trol for animal trade, and the Association for Animal Disease Control (ETT) was
founded in 1994 (Tuovinen, 1999a). However, measures aimed at eradicating disease
are in conflict with the idea of free international trade being discussed within EU and
World Trade Organization (WTO). A situation may be reached where the lowest dis-
ease status of a participating country will be considered as the standard (Wierup,
2000). Decisions relating to disease control have to be made by the government and
by the producer. The government requires information on the level of control to adopt,
the extent of involvement needed, and how to fund animal health programmes (partic-
ularly how to share costs between taxpayers and livestock producers). Individual pro-
ducers require information on how much effort to invest in disease control, including
information on the data collection effort and how to design control strategies. Animal
health policies are particularly difficult to evaluate from an economic viewpoint, with
complex relationships present between animal health, production impacts, market
access and non-production benefits of livestock (Tisdell et al., 1999).

Eradication of infectious diseases

At the individual herd level, the control of some of the major endemic infectious
diseases of swine has been a challenge. Such diseases as SEP, atrophic rhinitis, pleu-
ropneumonia, swine dysentery, Aujeszky’s disease, TGE and sarcoptic mange can be
eradicated from a herd using the method of depopulation and repopulation with SPF
pigs (McNaughton, 1988). The goal of a depopulation-repopulation scheme is to es-
tablish a herd with the highest possible health and genetic status.

The depopulation-repopulation method is an expensive alternative. Other programmes
have been attempted in herds to eliminate Aujeszky’s disease (Engel and Wierup,
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1997; Hill, 1999a), enzootic pneumonia (Waldmann and Radtke, 1937; Zimmermann
et al., 1989; Zimmermann, 1990; Wallgren et al., 1993; Baekbo et al., 1994; Emborg
et al., 1997; Lorenzen, 2000), swine dysentery (Jensen et al., 1988; Kelliher and Mill-
ing, 1988; Wood and Lysons, 1988; Blaha, 1992; Schierig and Binder, 1996; Borge
and Hansen, 2000), atrophic rhinitis (De Jong et al., 1994), PRRS (Dee et al., 1993;
Shin et al., 1994; Andreasen et al., 1998), pleuropneumonia (Madsen and Larsen,
1996; Hofmo and Lium, 1998), porcine intestinal spirochetosis (PIS) (Fossi et al.,
2000) and sarcoptic mange (Jensen et al., 1988; Kelliher and Milling, 1988; Madsen,
1988; Hogg, 1989; Oksanen and Tuovinen, 1990; Boraski and Brown, 1992; Born-
stein et al., 1994; Lambers, 1994; Jacobson et al., 1999, 2000; Arnason et al., 2000). A
national eradication programme against enzootic pneumoniae with the Swiss method
has been evaluated to be of greater potential benefit for Danish pig production than
eradicating the disease with total depopulation or living with the disease and control-
ling it with medication or vaccination (Baekbo et al., 1996). Not all diseases can be
eradicated. Infectious agents should contain certain key features, such as species-
specificity and known and controllable routes of transmission. However, characteris-
tic of many of the foodborne pathogens is that they are carried by many species,
making them less suitable for herd or regional eradication. Furthermore, the risk fac-
tors for many of the pathogens are not fully understood and may be complicated by
the involvement of wildlife species (Hinton and Green, 1997).

The decision on whether to invest in an eradication campaign depends on a number of
variables, among which are the cost-benefit ratio, the probability of success of the
eradication campaign, and the probability of reinfection (Ekboir, 1999). With increas-
ing pig farm density and increased connections between farms, the health status of a
farm is no longer affecting only the individual farm but also the neighbouring or
otherwise connected farms. If subsequent isolation cannot be maintained, there is no
reason to consider a costly scheme. Biosecurity measures implemented by any pro-
ducer affect his/her neighbours. If all producers could be induced to collaborate in the
eradication effort, the disease could be controlled or eradicated, and health costs
would fall for all of them. Producers need centralized interventions to co-ordinate
their efforts. An authority can induce or impose collaboration and monitor compli-
ance. ‘Authority’ is not synonymous with ‘central government’; in some cases, pro-
ducers’ associations have co-ordinated producers efficiently (Ekboir, 1999).

Eradication programmes considered to be of main significance in this thesis, namely
SEP and sarcoptic mange eradications, differ considerably from each other. M. hyop-
neumoniae can be eradicated from a herd because pigs acquire immunity after suffer-
ing from the disease. In 1937, Waldmann and Radtke showed that SEP signs could be
prevented in piglets by separating their dams before farrowing from other young pigs.
During the 1980’s, the Swiss method using partial depopulation of swine herds was
published (Zimmermann et al., 1989). Three main presumptions exist in this pro-
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gramme; pigs older than 10 months are immune against SEP, the organism can sur-
vive outside pigs only for a short while, and the infection is chronic in the herd before
the eradication attempt. Pigs older than 10 months are medicated with antimicrobial
drugs against M. hyopneumoniae, and all other pigs are sold. This way, new piglets
are born without getting the infection. Modifications of the Swiss method have also
been published. Wallgren et al. (1993) housed infected young pigs on some farms
simultaneously with disease-free piglets and failed in one out of the four eradication
attempts. Recently, SEP has also been eradicated in the acute phase, after only 5
weeks of clinical signs (Lorenzen, 2000). In contrast to SEP, the most important com-
ponent of the sarcoptic mange eradication is proper medication of pigs. The majority
of registered acaricides will keep mange under control and even eradicate it provided
that the correct dosage and treatment schedules are used (Cargill and Davies, 1999).
Keller et al. (1972) eradicated mange by applying diazinon and lindane 3 to 4 times at
9- to 15-day intervals. Frick et al. (1974) attempted eradication of lice and mange
from all herds in a region in Germany with trichlorfon. As a result, mange was elim-
inated from one-quarter of herds in the district. Phoxim pour-on was successfully
used with 3 applications spaced 6 days apart for all pigs in a herd (Madsen, 1988).
However, it was only after the group of avermectins (ivermectin, doramectin and
moxidectin) came onto the market that mange eradication programmes became more
popular. Pigs are injected with avermectins twice 14 days apart (Hogg, 1989). Alter-
natively, in-feed ivermectin can be used (Smets et al., 1999). Initially, the environ-
ment was also sprayed with insecticides, but this has since been proved unnecessary
(Jacobson et al., 1999). Taking the lifecycle of the parasite (Soulsby, 1982; Hogg,
1989) into account, a single avermectin treatment appears to be sufficient for elimi-
nating mange (Courtney et al., 1983). Recently, elimination of S. scabiei using a sin-
gle intramuscular injection of avermectin without any other steps has also been dem-
onstrated (Jacobson et al., 2000).

Effect of environment and management on diseases and production

For prevention of different infective agents, attention should not only be paid to the
responsible agent but also to farm conditions and management. Disease incidences
have been found to be closely related to herd environmental factors, e.g. hygiene and
husbandry, recruitment forms and raising methods, and ventilation efficiency
(Lindqvist, 1974; Bäckström and Bremer, 1978). Issues concerning environmental
management and the impact of the pork industry on the environment have received
considerable attention in recent years from the media, public interest groups, govern-
ment and the industry (Lautner et al., 1999).

The cost-effectiveness of treating or controlling disease with medication needs to be
assessed. While medication is often a convenient short-term solution, it may prove
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expensive over a longer period. Other management procedures could be instituted
either in place of or in conjunction with medication. A much more cost-effective
response is often obtained by improving the environmental conditions to which the
pig is subjected (McDougall, 1988). The farmer makes the decisions affecting the
level of environment and management on the farm. Even farms that appear not to have
disease or performance problems deal with the presence of factors that relate to in-
creasing risk of disease. The detection and control of environmental stressors in the
pre-clinical phase is optimal in problem prevention (Enting et al., 1998).

The environment of each pig house comprises many components which are often
difficult to define and measure (Done, 1991). However, extensive information is
available about different environmental and management practices to avoid (e.g. the
discussion of Gonyou et al., 1999). The environment should not be planned for pigs
alone; staff comfort is also important. For example, air quality must be healthy and
pleasant both for pigs and people (MacDougald, 1988). People are a basic limiting
factor in pig production.

Livestock production has experienced many changes over the last decades. The eco-
nomic margins between costs and income have become smaller, production has be-
come more intensified, and new technologies and housing systems have been taken to
use (Noordhuizen et al., 1983). In modern production systems and from an economic
point of view, enzootic health disorders are presently the primary limiting factor relat-
ed to health. These disorders are present at variable levels in most herds (Seegers et
al., 1994), and their consequence is decreased productive efficiency of the herd (Mar-
tin et al., 1987). The economic significance of health disorders might be high because
of the financial vulnerability of most intensive production systems (Seegers et al.,
1994). Different systems, such as multisite production (Bäckström et al., 1998; Pujols
et al., 1998; Wennberg et al., 1998), sow pools (Weistedt et al., 1993; Löfstedt, 1994)
and early weaning (Dial et al., 1995; Clark, 1998) have been developed to improve
efficiency or manage diseases.

Role of veterinary profession

The curative component of veterinary medicine with regard to individually sick ani-
mals has been, and still is, a major element in the veterinary profession. This is of
great importance to the early diagnosis and treatment or eradication of disease – not
in the least with respect to the highly contagious and exotic diseases threatening large
geographical areas. However, a shift has occurred from a purely curative to a more
preventive approach, while at the same time the focus has shifted from the individual
animal to the herd or flock (Noordhuizen and Frankena, 1999). Already in 1971 the
role of the veterinarian was suggested to have changed from that of a person who
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primarily alleviates suffering and attempts to cure disease in the individual animal to
that of a specialist in the health component of economic efficiency (Goodwin, 1971).
In focusing on herd health and productivity, the swine practitioner assists the pork
producer by providing slaughter pigs of a quality that meets the demands of slaugh-
terhouses and meat-processors, wholesalers, retailers, and finally, the consumer (Bla-
ha, 1997, 1999a; Hill, 1999).

Implementation of on-farm strategies, such as hazard analysis and critical control
point (HACCP) models, for the control of foodborne pathogens will have an impact
on swine practitioners in the near future (Quessy, 1999). Because the veterinarian is
in a unique position to obtain a deep insight into the management strategies employed
in herds (Enevoldsen and Sorensen, 1994), epidemiological methods should be intro-
duced to assist in daily data collection, processing and analysis (Blaha, 1999a). Veter-
inarians need to recognize that the skills they currently have in record interpretation,
production efficiency, diagnostics, etc. will become or are already becoming a service
commodity (Hill, 1999b; Lautner et al., 1999). Along with consistent herd health
management, the food animal practitioner will become increasingly involved in on-
farm pathogen control and on-farm residue avoidance programmes, monitoring sys-
tems and verification procedures (Blaha, 1997b). Biosecurity programmes reduce the
potential for new diseases to enter a herd and minimize the effects of diseases already
present within the herd (Amass and Clark, 1999). Veterinarians should understand
their role in promoting the establishment of proper biosecurity programmes on swine
farms. Third-party verification of the food production process will become increas-
ingly important to assure the consumer of product characteristics (Ritter, 1999). Nat-
urally, food animal practitioners are the best persons for this task. Furthermore, veter-
inarians have an unprecedented opportunity to not only participate in these pro-
grammes, but with their specialized knowledge, to lead in their formation (Lautner et
al., 1999).

Role of the swine industry and the farmer

The future swine industry will be market-driven, meaning that the pork industry will
need to produce products that the customers desire and respond rapidly as desires
change (Kavanagh, 1992; Ritter, 1999). Quality and safety are prominant issues in
society but also in agriculture. Retailers demand to know the origin of their animal
products or slaughter animals to be surer about risks. Some farms may be certified by
ISO-9002, while others are certified according to environmental issues. This process
will continue because farmers must also be able to guarantee what they do for animal
welfare reasons (Noordhuizen and Frankena, 1997). Also important are the philoso-
phy and mission that drive a company: Are the farmers pig, pork, or food producers
(Dufresne, 1999)?
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Food animal producers and their organizations are responding to consumer concerns
over food safety by developing and encouraging verified production control practices
and quality assurance programmes for their respective commodities (Edwards et al.,
1997). Such total quality assurance in animal agriculture requires that three primary
objectives be met: food safety, consumer acceptability and scientifically based animal
husbandry (Stenholm and Waggoner, 1992).

Quality assurance programmes

Pork quality assurance systems with slightly different goals and regulations are
present in several countries. Conditions for pork production differ. For example, in
Europe, the EU legislation forms the basis for animal husbandry, but national laws
also apply. The different climate, traditions, slaughterhouse organizations, etc. make
it difficult or even impossible to compare different quality programmes. Some pro-
grammes have very strict instructions, whereas others have plenty of room for inter-
pretation. It is quite difficult to assess how stringently the instructions are controlled
and how conscientiously the controllers apply the requirements (Brendov, 1998).

Livestock breeders and producers may be coupled to feed mills, slaughterhouses and
retailers to guarantee a product of sufficient volume and quality (Noordhuizen and
Frankena, 1999). For these quality programmes, the procedures are generally per-
formed as agreed and are continuously documented and controlled. This way the cus-
tomer is guaranteed and able to check, at least in theory that production has happened
as promised. The procedure does not, however, necessarily guarantee high quality but
rather a consistent quality.

Information about quality assurance programmes in the UK, the Netherlands, Germa-
ny, Denmark, Finland and Sweden has been collected in a report on pork quality
programmes excluding organic foods (Brendov, 1998). About 50 different meat qual-
ity programmes were recorded, approximately 30 of which were German brands,
where the origin and quality of meat have been the basis for the brand. In addition,
several other quality assurance programmes have been implemented, for example, the
Pork Quality Assurance (PQA) programme in the USA (Anonymous, 1994). Organic
foods are another example of a quality programme. The trend toward “eating healthy”
appears to be here to stay, with organic foods forming part of this trend. Whether
organic foods are, in fact healthier than regular foods does not diminish the impor-
tance of their popularity (Breene, 1997).

A quality programme may include the whole slaughterhouse organization in a coun-
try, only one slaughterhouse, a producer organization, or another organization or re-
tailer. Several programmes have been developed to increase the consumers’ confi-
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dence in domestic pork, such as the Farm Assured British Pigs Scheme, FAB Pigs in
the UK (Brendov, 1998), and the Integrated Quality Control Programme in the Neth-
erlands (Elbers, 1991; Blocks et al., 1994; Vellenga, 1996). In Sweden, one slaughter-
house, Scan, is behind the quality programmes BAS and BIS. In Finland, examples of
slaughterhouse-based programmes include the LSO 2000 quality chain (LSO Foods
under HK Foods) and Atria quality meat (Atria), and in Denmark, Porker Mesterkval-
itet (Danish Crown). In Germany, producer organizations were the first to start quality
programmes, such as Offene Stalltur run by Bavarian farmers. Even organizations
founded for protection of animals have quality programmes such as Freedom Foods
run by the Royal Society for Prevention of Cruelty to Animals (RSPCA) in the UK.
On farm level, not only the industry but also retailers, like Marks and Spencer in the
UK, may have a quality assurance programmes, which strongly take into considera-
tion consumers’ wishes and may not always be particularly rational from the produc-
ers’ point of view (Brendov, 1998).

The goals differ from one programme to the next. However, common goals have been
to increase consumers’ trust in pork and to strengthen the protection of animals or the
environment. Some programmes aim at gaining an advantage by demanding better
prices for the products sold or a bigger market share (Brendov, 1998). While pro-
gramme control (e.g. veterinary fees, sampling, management routines) adds expens-
es, at the same time, the production of the farms can be improved. Prevention of swine
diseases other than zoonoses can be a part of quality programmes aiming at better
health and productivity of the animals, hence contributing to farm income and pro-
ductivity (Noordhuizen and Welpelo, 1996). The combination of epidemiological
risk-management methods for animal health care strategies with the improvement of
the quality of animals and their products seems very promising and can serve more
than one purpose. This is especially true when welfare and environmental aspects are
also added (Noordhuizen and Frankena, 1999).

Customer demands

Increasing consumer demands in industrialized countries have a growing impact on
food production. Food should be economical, healthy, tasty and safe with respect to
animal welfare and the environment (Blaha, 1997b, 1999a; Noordhuizen and Franke-
na, 1999; Ritter, 1999). Quantity-oriented food production is changing into an inter-
national quality-oriented food market, where commodities, production areas, produc-
tion chains and brands compete for custom (Blaha, 1997b; Buntain, 1997). Consumer
demands together with a steady increase in food safety and public health standards
mean that the food industries and consultants, including veterinarians, are facing sub-
stantial changes in their practices (Blaha, 1997b). Food value chains will no longer be
based on what in easiest to produce but on what is needed. Is, however, the customer
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prepared to pay the extra price of producing, for example, meat with no antibiotics?
(Schultz, 2000).

Quality is currently an important issue in society. However, quality is a very general
term and different definitions exist depending on the context in which it is used. In the
fields of production, sales and trade, the term has been defined as “anything that
enhances a product from the viewpoint of the customer” (Blaha, 1999a). Livestock
production is at the beginning of the food production chain. A livestock farmer partic-
ipating in quality programmes has to focus more on quality issues than on production
volume and economics in order to meet public demands (Noordhuizen and Frankena,
1997). The distance on the foodchain from a farmer to a consumer may seem very
long. Nevertheless, if a farmer desires to survive over the long run, he has to adapt his
production processes to consumer demands, which may range from improving ani-
mal welfare and production methods to considering environmental issues. All sepa-
rate links in the food production chain should regard themselves as customers of the
preceding link and define a set of quality demands based on consumer expectations
(Noordhuizen and Frankena, 1999).

Drug residues and antimicrobial resistance

Most of the medicines administered to pigs are antimicrobial drugs. These are used in
food animals for three purposes, as performance-enhancers, for prophylactic purpos-
es (prevention of diseases) or for treatment of diseases (Debeuckelaere and Remy,
1996). Perhaps two of the most important aspects in the public concern about meat
quality are connected with the use of medicines for the meat-producing animals: the
possible residues of drugs in meat and antimicrobial resistance. During the last years,
the possible effects of medicines on the environment have been under discussion
(Anonymous, 2000a).

Residues of antibiotics remaining in the meat of treated animals may have possible
consequences for human health (Van Dresser and Wilcke, 1989; Debeuckelaere and
Remy, 1996). Regulatory authorities reduce risks by monitoring residues at slaughter
(Walton, 1983), requiring proper testing of medicines prior to authorization, and by
developing recommendations for antibiotic use. One of the important factors influ-
encing the probability of antimicrobial residue occurrence in animal products is the
extent of their use (Van Dresser and Wilcke, 1989). Scandinavian countries have a
tradition of transparency regarding food animal production (Blaha, 1997c). This was
apparent in a study focusing on the frequency of antimicrobial residues in meat from
15 EU member states (Debeuckelaere and Remy, 1996). Retail beef, veal, pork and
poultry were investigated, and the results showed no positive samples from meat in
Sweden, Finland, Denmark and Portugal, and some or frequent positive samples
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from all of the other countries studied. Moreover, according to the findings of the
national residue control programme, foodstuffs of animal origin produced in Finland
contained very low levels of medicinal agent residues and other contaminants (Anon-
ymous 2000b).

Medicines other than antimicrobial drugs, e.g. different hormones, may also leave
residues. This subject was studied at the beginning of 1990’s in 12 EU member states,
namely Belgium, Denmark, Germany, France, Greece, United Kingdom, Ireland, Ita-
ly, Luxembourg, the Netherlands, Portugal and Spain. Despite efforts made by their
respective governments to combat the illegal use of growth-promoting substances,
the survey indicated that growth-promoting substances were used for fattening pur-
poses in most member states of the EU. Denmark seemed to be the only exception
(Remy and Debeuckelaere, 1994).

Consumers’ concern about residues and their toxicity is well founded. However, the
possibility that the large-scale use of antibiotics in farm animals might result in the
development of resistance to antibiotics in a variety of human pathogens is a matter
of far greater concern (Debeuckelaere and Remy, 1996). Bacterial resistance to
multiple antibiotics characterizes the present decade (Levy, 1998). The use of anti-
biotics causes an increase of resistance not only in pathogenic bacteria but also in
the endogenous faecal flora of these animals (Stobberingh and van den Bogaard,
2000). Antimicrobial drug use in swine production is associated with an increased
resistance to those antimicrobials among faecal E. coli of finisher pigs (Dunlop et
al., 1998a). This resistance may be further passed to humans (Espinasse, 1993;
Witte, 1998).

Use of antimicrobial agents

Antimicrobial feed additives have been widely used in the past. The response to anti-
microbial growth promoters varies considerably depending on housing conditions. In
general, the response is greater in young pigs and in unhygienic housing. Good man-
agement decreases the effects of antimicrobial feed additives, and in some cases, may
result in negligible effects (Kunesh and Zimmerman, 1994). However, antimicrobial
feed additives have been estimated to save the EU’s livestock industry 450 million
pounds (715 million Euro) a year by improving productivity and reducing disease
losses (Anonymous, 1997). But, are such gains worth having if bought at the cost of
increased human disease through the possible transfer of resistance to antibiotics used
in human medicine? It has been recommended that the use of antibiotics as feed addi-
tive or for the preventive control of diseases be prohibited (Debeuckelaere and Remy,
1996). In some countries, a total ban has been placed on their use, e.g. in Sweden since
1986 (Wierup, 1997) and in Switzerland since 1999 (Wanner, 1999). In other countries,
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the industry has voluntarily made the decision to refrain from using antimicrobial feed
additives in pig feeds, e.g. in Finland in 1999 (Kolhinen et al., 1999).

Application of antimicrobial agents in man and animal has differed widely; individual
therapy has been used for man and companion animals, whereas strategic and herd
medications have been applied to food-producing animals where antimicrobials are
used to improve productivity (Walton, 1983). It has usually been necessary to treat an
entire flock or herd of generally healthy animals at risk, even though the diagnosis is
made when only a portion of the animals present clinical signs (Walton, 1983; Gus-
tafson and Bowen, 1997). However, a shift is occurring in herds with high health status
from mass medications to individual therapy. The extent of the use of antimicrobials is
important in both group and individual medications, although in-feed antimicrobial
treatment of pigs has been found to be more consistently associated with an increased
risk of resistance than individual-animal treatment (Dunlop et al., 1998a).

The most desirable action is a limited, or prudent use of antimicrobials (Anonymous,
1998a). The swine industry should continue to invest in the maintenance of a healthy
pig population in which the need for treatment is reduced (Dunlop et al., 1998c). The
ultimate goal is not the total avoidance of antimicrobial use, but their scientifically
founded use, where antimicrobials are 1) tailored to the correct diagnosis, and 2) used
as little as possible, but always in the amount needed (Blaha, 1996).

The herd health of pigs is generally lowest in such traditional pig production regions
where the pig flow from breeders to fatteners is disorganized and managed by inde-
pendent animal dealers. In these cases, health management procedures (vaccination,
housing and husbandry conditions, etc.), if any, are uncoordinated, and pigs with dif-
ferent immune patterns and pathogen shedding capabilities are permanently comin-
gled. Pigs under these circumstances need prophylactic antibiotics applied via feed or
water over long periods of time to help them cope with unavoidable infectious diseas-
es. In addition, growth promoters and preventive medications are used more frequent-
ly in herds with lower health status (Blaha, 1997c).

The use of veterinary drugs can be decreased by optimizing management, housing
and climatic conditions (Elbers, 1991). The primary aim of the specialist veterinarian
must be to reduce dependence on antimicrobial agents by promoting welfare and
management in animal production. One cannot condone chemotherapy as a cover for
poor husbandry (Mackinnon, 1993). Apart from improving the housing and living
conditions of pig herds, there are several approaches to significantly increase the
health of pigs raised for food production using certain production systems (Blaha,
1997a). Some examples are diminishing the number of source herds for finishing
units, tracking and eliminating infection sources, all in – all out production, group
farrowing and health matching (Tuovinen and Heinonen, 1997). Although there is
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little debate that under good health conditions the need for antibiotics is remarkably
lower than under poor health conditions, scarce evidence for this assumption has been
published to date (Blaha, 1997c).

Herd health classification

Herd health has an effect on the number of animals becoming sick and needing treat-
ment, which in turn affects animal welfare. Given that the health status of a herd has
a great impact on the subsequent quality of animals at – and products after – slaugh-
ter, it seems logical that animal health at the producer’s level must be somehow in-
volved in quality assurance issues further down the food production chain (Noordhu-
izen and Frankena, 1999). By improving herd health, many of the consumer demands
are met.

The terminology used to describe the health status of a pig herd is imprecise and open
to wide interpretation (Radostits et al., 1994b). The following four terms are com-
monly described in the literature (Blood and Studdert, 1988):

1. Axenic. This is a pig “totally free of infection with pathogens”. Such animals
would usually be produced following Caesarean section under completely sterile
conditions with delivery into sterile isolators where they would be maintained
germ free.

2. A gnotobiotic pig is one that has been born germ free and is then infected with
known micro-organisms.

3. SPF, Specific Pathogen Free. The term is usually applied to pigs reared for ani-
mal experimentation or to start a new herd. Such animals begin as axenic and
then are placed in a non-sterile environment where they become infected with a
range of pathogens classed as normal flora. Certain specific pathogenic micro-
organisms are absent from the environment so that SPF animals can be stated to
be free of infection or previous infection with the specified micro-organism.

4. MD, Minimal Disease. The term is a variant of the SPF pig.  It has become
associated with pigs believed to be free of major infectious diseases. It is perhaps
this term that has caused so much misunderstanding for the swine producer, be
cause he or she does not expect any disease at all (Radostits et al., 1994b).

A fifth term has also been added (Muirhead, 1989); “High Health Status” describes a
herd of recognized health status through the absence of major infectious diseases.
Each herd provides evidence of the continuing absence of certain diseases. The inter-
pretation of health status could, however, vary from one herd to another. Moreover,
animals are not described as being free of infectious agents, rather observations and
tests indicate diseases to be absent.
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Animal welfare

Another major concern expressed by society is for the welfare of animals. This con-
cern is part of a general, broadly anti-industrial movement, in which welfare has be-
come a key word, although the meaning of this term may differ from one individual to
another. Intensive production is often considered cruel, and certain husbandry prac-
tices judged incompatible with the well-being of animals (Robert and Martineau,
1994). However, such classifications are not always justified. A scientific definition
of welfare must address the concerns of the public, but this is difficult to achieve
because of the lack of consensus as to what welfare involves (Rushen and de Passille,
1992). In developing product differentiation policies to respond to these types of con-
cerns, animal welfare preferences must also be weighed in relation to the costs of
production (DenOuden et al., 1997).

Welfare can be divided into physical and psychological welfare, although many
complex interactions exist between these categories. Physical welfare is more
straightforward since most aspects can be quantified and abuses are readily appar-
ent to the producer and the veterinarian. Many of the requirements for good physi-
cal welfare, including health, housing and feeding, correspond closely with those
for good biological and economic performance of the pig. The less easily measured
category of psychological welfare includes such examples as an absence of fear and
a need to control the environment (English and Edwards, 1999). It is problematic or
impossible to reach a consensus on the most appropriate definitions for stress and
animal welfare (Rushen and de Passille, 1992). The welfare concept is more diffi-
cult to introduce into population medicine than into an individualistic medical ap-
proach, as the individual is merely regarded as an element of the group. Because
intensive husbandry favours the group to the detriment of the individual, welfare is
hard to assess by means of customary performance and health criteria (Robert and
Martineau, 1994).

Management and environment can have a potentially negative impact on animal wel-
fare. The most important factor in animal welfare is the owner, who decides on the
level of management and housing at the farm. Pigs have clear requirements for certain
fundamental characteristics in their environment. For example, space appropriate to
their body size must be provided, materials they are in contact with must not abrade
their body surface at a faster rate than it can be regenerated and the floor must give
sufficient mechanical support (Baxter, 1989). However, pigs are “ecological general-
ists” and can cope with a variety of conditions. Although they can adapt to a wide
range of conditions, often a particular environment will yield optimum performance.
If the animals cannot cope with some aspect of their environment, then a variety of
compensatory measures will be initiated, progressing from behavioural adaptations
to physiological and morphological changes. These changes, generally believed to
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adversely affect the animal’s mental well-being, will inevitably also divert resources
from growth and reproduction (Baxter, 1989).

Veterinarians have an important role in animal welfare. Undeniably, veterinarians
improve the welfare of animals by diminishing their suffering through medicinal and
surgical interventions. On welfare grounds alone, a constant need exists to treat sick
animals to mitigate the effects of disease (Wray, 1997). The veterinarian should also
be able to qualitatively and quantitatively evaluate the stress factors present on a farm,
and to assess the potential impact of these factors on the behaviour, physiology and
performance of animals over the short, medium and long term (Robert and Martine-
au, 1994). Furthermore, the veterinarian should be able to convince the farmer of the
benefit of changing certain management and housing factors on the farm.

Trends in meat inspection

Protection of public health is one of the main objectives of meat inspection. Meat
inspection methods were instigated when meat was discovered to play a role in the
transmission of disease, and free trade of animals, meat and meat products required
some sort of safety and quality assurance (Grossklaus, 1987; Berends et al., 1993). In
the past, classical zoonoses, such as tuberculosis and brucellosis, caused clinical dis-
eases that were recognized at farm level and lesions that were present during meat
inspection at slaughter. Meat inspection and food hygiene have been regarded as suf-
ficient to guarantee safe pork for almost 100 years. However, both industry and ani-
mal husbandry have developed enormously. The emerging pathogens of today, in-
cluding Salmonella, Toxoplasma, Trichinella, Cambylobacter and Yersinia, are only
detectable through targeted monitoring systems, as they cause neither clinical symp-
toms in affected animals nor lesions which could be helpful when examining contam-
inated carcasses (Blaha, 1997b). Production has become more and more concentrated
in large production units and in certain regions (Bendixen, 1988; Edwards et al.,
1997). Raising animals intensively favours the occurrence of subclinical infections,
including those of zoonotic agents such as Salmonella, which are important in meat
hygiene (Edwards et al., 1997). The slaughter of a few animals originating from the
same farm has evolved into the slaughter of large numbers of uniform, relatively
young and healthy animals (Berends et al., 1993). Thus, new approaches to food safe-
ty and pork quality are becoming necessary and have been suggested (Snijders et al.,
1989; Berends et al., 1996; Blaha, 1997b, 1999b; Edwards et al., 1997; Mousing et
al., 1997; Berends and Van Knapen, 1999).

The majority of real and perceived reasons for increased concern with the safety and
quality of meat apply to the pre-harvest phase of the food production chain. Tradition-
al mandatory meat inspection and post-harvest food safety measures have a limited
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potential for safety and quality improvements to meat. Therefore, pre-harvest food
safety programmes implementing the HACCP concept at farm level from breeding to
the slaughterhouse gate have to be added to the existing harvest and post-harvest
programmes (Blaha, 1997b; Buntain, 1997; Edwards et al., 1997; Morales, 1998).
The potential impact of these measures differs depending on the nature of the defect
or pathogen addressed (Blaha, 1997b).

HACCP was originally defined as “a systematic approach to the identification and
assessment of the microbiological hazards and risks associated with the manufactur-
ing, distribution and use of a particular foodstuff, and the definition of means for their
control” (Mayes, 1992). In view of the relationship between microbiological risks of
food and those in animal health care, HACCP seems eminently suitable for identifica-
tion and control of animal health risks. HACCP has been said to be farm-specific and
to take a bottom-up approach, enabling farmers to demonstrate herd health status.
Furthermore, it is simple in design and requires low labour input and little documen-
tation (Noordhuizen and Welpelo, 1996). Epidemiological field studies are currently
needed to identify critical control points and to design HACCP procedures for live-
stock producers. Over the long run, HACCP-based animal health care can be further
developed into a quality control systems approach to cover all aspects related to ani-
mal health (Noordhuizen and Welpelo, 1996).

It is generally accepted that to improve efficacy of meat inspection and product war-
ranty, meat inspectors must have access to relevant information about the health sta-
tus, disease history and medication of the slaughtered animals (Snijders et al., 1989).
Meat safety must begin when the animal is conceived. Every step in animal produc-
tion must be covered, requiring the prevention of infection and transmission of infec-
tious disease agents, while minimizing the need for therapeutic treatments (Edwards
et al., 1997). The ante-mortem examination could be extended to the animal produc-
tion phase. Either the local veterinarian (Grossklaus, 1987) or the producer himself
(Harbers et al., 1992; Jackowiak and Pointon, 2000) could ascertain the safety and
quality of the products coming from the farm. Meat inspection could be seen as one of
many control points. If every link in the chain of animal production could guarantee
the safety and quality of its products with respect to zoonoses, residues and contami-
nants, and an exchange of relevant data took place between these links, meat inspec-
tion could be confined to verification without the risk of this being at the expense of
public health (Berends et al., 1993).

The use of on-farm risk assessment has been suggested to differentiate between
healthy animals and those more likely to have lesions. This would enable greater time
and effort to be dedicated to the examination of carcasses in which conditions are sus-
pected. Animals from herds of known good health and hygiene status could undergo
modified meat inspection of a more visual, less invasive nature. This would only be
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possible with rigorous on-farm record keeping and reliable animal identification, oth-
erwise any attempt at devising a scheme of on-farm risk assessment and longitudinal-
ly integrated quality assurance would be bedevilled by animals of uncertain origin
(Edwards et al., 1997).

AIMS OF THE STUDY

The present study was carried out to produce information needed in planning controls
and measures for herds joining the pork production system, the LSO 2000 quality
chain. Data was collected from the beginning of the programme in 1994 until 1998.
The study also aimed at describing the results of the programme. The following were
chosen as specific objectives of the work:

1. To investigate the success of eradicating M. hyopneumoniae with different vari-
ants of partial depopulation from infected farrowing herds joining the LSO
2000 health class and to describe the possible risk factors for failure (I).

2. To monitor the success of a large-scale eradication programme for sarcoptic mange
in farrowing herds (II).

3. To test whether the presence of serum antibodies with ELISA could be used in
monitoring the efficacy of an eradication programme for sarcoptic mange (II).

4. To evaluate the level and stability of detection rates of Brachyspira species in
farrowing herds known to be positive for different Brachyspira species (III).

5. To evaluate whether Brachyspira species other than B. hyodysenteriae should be
included in the requirements of health class by determining the prevalence of various
Brachyspira species in feeder pigs originating from health-class farrowing units
and by evaluating the relationships between the detection of Brachyspira spe-
cies on the farm and the prevalence of diarrhoea and the feed additives given to the
piglets (III).

6. To describe the diseases encountered and the use of medications in all in – all out
finishing units belonging to the LSO 2000 quality chain (IV).

7. To investigate whether the health classification of the feeder pigs and the LSO
2000 system for finishing units had an influence on performance and meat
inspection findings of all in – all out finishing units (V).
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MATERIALS AND METHODS

All herds involved in these studies were clients of LSO Foods Ltd. The membership
register and data from the animal health service of the slaughterhouse were used in
the preliminary selection of herds. Table 1 describes the numbers and types of herds
and animals, and the time period for data collection. Studies I-III describe measures
and investigations performed in the piglet-producing farrowing herds and Studies IV-
V evaluate the results achieved in the finishing units.

LSO 2000 quality chain 1994-1998

Farrowing herds

Based on a field trial (Tuovinen et al., 1994b), health matching of feeder pigs started
in LSO Foods Ltd in 1994. The first farrowing herds were accepted to the LSO 2000

Table 1. Numbers and types of herds and animals, and the time period for data collection.

Study No. Number and type of herds Number and type of animals Time period

I 21 piglet-producing a50 (20–348) sows/herd 1994 – March 1998

herds (+their offspring)

II, questionnaire 379 piglet-producing a40 (3–433) sows/herd 1987– January 1996

herds (+their offspring)

II, herd visits 25  piglet-producing a47 (20–100) sows/herd March 1996

herds (+their offspring)

II, follow-up 695, 782 and An estimated average of 300, 1995, 1996 and 1997

856 groups in 320 and 330

finishing units finishing pigs/herd

III, Part 1 5 piglet-producing a59 (29–400) sows/herd April – June 1997

herds (+their offspring)

III, Part 2 50 piglet-producing b56+24 sows/herd July – August 1997

herds (+their offspring)

IV 595 groups in 152 a301 (30–1000) finishing pigs/ March 1996 –

finishing herds group, altogether December 1997

207 442 finishing pigs

V 2 groups in 166 b297+114 finishing pigs/group March – July 1995

finishing herds, (1995) and

altogether 332 groups b298+119 finishing pigs/group March – July 1998

(1998)

aMedian (range)

 bMean + standard deviation
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health class for farrowing herds in early 1994, with the number rapidly increasing
thereafter (Figure 1).

The owners of the LSO 2000 farrowing herds had to continuously prove by frequent
sampling and veterinary visits that their herd was free of certain diseases. These dis-
eases included SEP, sarcoptic mange, progressive atrophic rhinitis, swine dysentery
and all salmonella species. Most of the herds had to eradicate sarcoptic mange and
some herds SEP or swine dysentery prior to joining the system. The prevalence of
progressive atrophic rhinitis was very low. The animal health service of the slaughter-
house had actively informed the farmers about the possibility of eradicating SEP,
swine dysentery and sarcoptic mange before, during and after the data collection for
the study.

A veterinary visit to control the health status of the herds clinically was required
every third month according to the agreement which had been made between the
owner and the local veterinarian. Colostrum samples (15 samples/ 6 months) were
taken and sent to the National Veterinary Institute for analysis of M. hyopneumoniae
antibodies. The quality officer in the animal health service of the slaughterhouse en-
sured that the owner of the farrowing herd sent all documents about the veterinary
visits and the laboratory results to the slaughterhouse. The owners of the farrowing
herds were advised to give anthelmintics to the feeder pigs at the age of 7 weeks.
Genetically, the feeder pigs originated from Finnish Landrace, Finnish Yorkshire or
their out-cross. From the beginning of 1998, feeder pigs of unknown genetic back-
ground were also accepted into the programme. In Finland, breeding animals are

Figure 1.Numbers of  classified farrowing and finishing herds in the LSO 2000 quality chain.
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stress-free, ensured by DNA tests carried out by the Finnish Animal Breeder’s Asso-
ciation. The health-classified feeder pigs were transported separately from the con-
ventional feeder pigs to separate finishing units and thereafter were sorted to the pens
by source herd. Thus, feeder pigs from different farrowing units were not mixed in the
same pens. (Tuovinen et al., 1996b; Tuovinen, 1998).

Finishing herds

In 1994, the finishing herds were not classified. The owners of the finishing herds
chose whether they wanted to buy health-classified LSO 2000 or conventional feeder
pigs. The price difference was based on supply and demand. From the beginning, the
demand for health-classified feeder pigs has been good in spite of their higher price.

LSO 2000 finishing units have been classified since September 1995. An increasing
number of finishing units have joined the quality chain (Figure 1). The herds were
certified to be kept under certain housing and management conditions (Table 2). Most
of the finishing units had to make some changes in their management or housing in
order to become a LSO 2000 finishing unit. The owners of the finishing units were
advised to ask the local veterinarian to check the herds clinically at least twice during
the finishing period, the first time being within one week after arrival of the feeder
pigs. No routine mass medications or antimicrobial feed additives were allowed. The
owners of the finishing units and the veterinarians were advised to treat sick pigs
individually and to earmark them. In cases of a widespread infection within the unit,
mass medication was encouraged, but it had to be reported to the animal health serv-
ice in the slaughterhouse. At least 70% of the feed at the finishing unit had to be

Figure 2. Schematic presentation of the LSO 2000 quality chain
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Table 2. Management and housing requirements of finishing pig units classified as LSO 2000.

A deviation of <10% from a single measurement was allowed.

Variable Requirement

Number of finishing pigs per all in – all out compartmenta < 400 (300)
Total pen area per pig >0.9 m2

Lying area per pig (solid floor lying area) >0.6 m2

Slot width in the slatted floor (floors in good condition) 18-23 mm
Free access to water from a nipple Yes, 1.0-1.5 litres/minute
Location of water nipples Manure area
Extra heat provided when necessary Yes
Adjustment of ventilation

a. Airflow at height of pigs <0.2 meters per second
b. Ammonia concentration <10 ppm
c. CO

2
 concentration <3000 ppm

d. HS concentration <0.3 ppm
e. Humidity 50-80%
f. Effective environmental temperatureb 12-22°C

Light intensity >100 lux
Use of lights 10-16 hours/day
Bedding provided Yes
Fencing between pens No electrical fence allowed, fence in

good condition
Hospital pens for sick pigs 5 places per 100 pigs
Loading of slaughter pigs No electrical prod allowed
Adequate biosecurity measures used on the farmc Yes
Information for calculation of feed conversion rate provided Yes
Location of trough (no floor feeding), trough space per pig Between the pens or next to the

corridor, >32 cm/pig
Feeding-only approvedd feedstuffs Yes
Antimicrobial growth promoters Not allowed
Water quality examined at least every three years Yes
Contract with the local veterinarian about animal health care Yes
Routine mass medications No
Individual treatments (treated pigs earmarked) Yes
Delivery of feeder pigs into the pens of the finishing Yes
unit by source farrowing unite

Environmental examination Every 18 months

aCompartment is a room housing pigs.  Several compartments can be situated on a site, but in that case, a
maximum of 300 pigs per compartment is allowed.

bEffective environmental temperature = temperature measured + floor effect (-4°C if on concrete, -5.5°C
steel, +0°C wood, +0.5°C plastic) + bedding effect (+0 -+5°C, estimated subjectively by the technician) –
airflow x 15

cProper loading conditions of slaughter pigs and protective clothing and boots for visitors used

dApproved by the quality officer of the slaughterhouse: Diet based on Finnish grain (>70%), no antimi-
crobial feed additives, salmonella control and fully or partially restricted use of substances causing bad
taste (e.g. fish products), technical problems (e.g. some plant oils), ethical problems (e.g. blood) and
safety risks (e.g. waste food).
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domestic grain. Finnish grain is known for its very low concentrations of heavy metal
residues (Tahvonen and Kumpulainen, 1993). Use of an electric prod during transport
to the slaughterhouse was forbidden. Resting time before slaughter was 2-5 hours.
Pigs with an earmark (=medicated during the finishing period) or with any signs of
disease were removed from the quality chain at meat inspection. Only carcasses with
a meat percentage greater than 59% were qualified. Thus lean pork was produced
from healthy pigs, fed a Finnish barley-based diet, raised under controlled environ-
ment and housing conditions and not medicated during the finishing period (Tuovin-
en et al., 1996a; 1997). Figure 2 shows the LSO 2000 chain schematically.

Herd selection (I-V)

M. hyopneumoniae eradication data (I) consisted of the results of 21 herds. All had
joined the LSO 2000 class after the eradication programme and at least 2 out of 10
colostrum samples tested per herd had given a positive result (Rautiainen et al., 1996)
before the eradication attempt.

All farrowing units accepted into the health class (379 herds) in January 1996 were
preliminarily selected for the S. scabiei eradication data (II). Only herds that had
started the eradication programme at least 7 months earlier were included (323
herds). Twenty-five herds, whose owners believed that the eradication attempt was
successful, were selected randomly for closer observation in the form of herd visits
and sampling.

For the first part of the Brachyspira Study (III), 4 farrowing herds were selected accord-
ing to their known Brachyspira status (herds A-D) and one herd was a previously unex-
amined herd (Herd E). All herds, except herd A, belonged to the LSO 2000 health class.
The data for the second part of Study III consisted of 50 farrowing herds selected from
all herds accepted into the LSO 2000 health class (n=428) in the beginning of 1997. The
number of farms needed to estimate the prevalence of infection was calculated (DiGi-
acomo and Koepsell, 1986). With 50 herds and an estimated 5% of herds being infected
with B. pilosicoli or B. intermedia, the maximum tolerable error would be +6% (95%
confidence level). The herds, which were all from South-western Finland, were visited
during July or August 1997 by one person collecting all the samples. He travelled with
one of the trucks collecting the feeder pigs from the 50 farrowing herds; the truck was
chosen randomly from the trucks in use on the visiting day.

The groups of feeder pigs for Study IV were selected by collecting all available log
books from LSO 2000-classified all in  - all out (AIAO) finishing units rearing groups
of health-classified feeder pigs between March 1996 and December 1997. Altogether
595 log books were available.
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Herds for Study V were obtained from the member records of LSO Foods Ltd. All
data were collected from groups of pigs slaughtered between March 1 and July 31.
Only herds having a result for both the years 1995 and 1998, AIAO production,
mortality <10% and herd size between 100 and 600 feeder pigs were included in the
calculations (166 herds, two groups from each). Mortality >10% was considered
extreme, because it is usually due to home slaughter and selling part of the produc-
tion to other companies. Very large or small herds were excluded to normalize some
of the distributions and to make the data more homogenous. Other results of these
excluded herds were not different from those of the herds included in the study.

Eradication programmes (I-II)

The eradication programmes for M. hyopneumoniae (I) were based on separating
adult animals from young pigs for at least two weeks, during which time the adults
were treated with antibiotics and the buildings were cleaned. The antibiotics used
were either lincomycin (Lincomix premix®, Cheminex Laboratories Ltd., Northants,
UK) 220 grams/ton feed or tiamulin (Tiamutin®, Sandoz AG, Basel, Switzerland)
200 grams/ton feed for 14 days orally. On some farms, an injection of lincomycin 10
mg/kg (Lincocin®, Pharmacia & Upjohn, Puurs, Belgium) was also used on the first
and the last day of oral treatment. The cleaning included washing with water, disin-
fecting and a thorough drying of the facilities. The farmers were advised to keep only
pigs older than 10 months. On several farms, some young animals were temporarily
kept in the herd but were separated from the older animals (see below, variants 1 and
2); all these young pigs were sold before the end of the eradication programme. The
medicated sows, gilts and boars and the new piglets born from the sows after medica-
tion were considered to be disease-free; all other animals were regarded as infected.
The herds had a planned interruption in farrowings or some of the sows farrowed or
nursed their piglets before medication in rooms not housing new disease-free piglets.
After weaning, these sows were separated from young animals and treated with anti-
biotics as described. After the medication, the sows were returned to the herd. The
piglets born before the sows were medicated did not return to the herds but were sold.
Three variants of the programme were used (I):
1) Possibly infected young pigs were kept in the same building as disease-free pigs (4

herds). The rooms were totally separated (ventilation, equipment, clothing, etc.)
foras long as possibly infected young pigs were housed on the farm.

2) Possibly infected young pigs were kept on the same compound, but not in the
same building as disease-free pigs (12 herds).

3) Only adult, medicated animals were kept on the same compound as disease-free
piglets (5 herds). This variant is the equivalent of the Swiss method.
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In Study II, the local veterinarians had been advised by the animal health service of
LSO Foods Ltd to eradicate sarcoptic mange from swine herds using either two iver-
mectin injections (Ivomec®, Merck, Sharp & Dohme B.V., Haarlem, the Nether-
lands, 300 mcg/kg) 14 days apart (Hogg, 1989) or phoxim pour-on (Sebacil Pour-
on®, Bayer AG, Leverkusen, Germany, 30 mg/kg) three times 6 days apart for all pigs
in the herd (Madsen, 1988).

Data collection by farm visits (I-II)

On each farm, a separate eradication programme against M. hyopneumoniae (I) was
planned during a farm visit and the variant of the programme was selected according
to the possibility for using different compartments for different animal groups and the
availability of extra facilities and workers during the programme.

During the 25 farm visits in Study II, clinical signs of sarcoptic mange were recorded
and the rubbing index was calculated for each herd. A group of 10-15 gilts or sows
was observed for 15 minutes. The number of recorded rubbing episodes was divided
by the number of pigs observed to yield the rubbing index (Madsen, 1988).

Data collection from farmers (I-III)

In Study I, the risk factors that could lead to the failure of the M. hyopneumoniae
eradication programme were assessed using a questionnaire and telephone surveys of
the farmers. In Study II, a one-page questionnaire was sent to all farrowing units that
had been accepted into the health class (379 herds). The questionnaire contained pre-
coded answers about the medications and cleaning of the facilities during the mange
eradication programme and the success of the eradication. The eradication was con-
sidered successful based on the opinion of the owner and supported by regular visits
of local veterinarians. The answers concerning the size of the herd, possible reasons
for the failure of the programme and the benefits for the farm from the programme
were open-ended. A response to the questionnaire was obtained for all herds: 341
farmers (90%) posted a written answer and those who did not reply were interviewed
by telephone (10%). In Study III, the herds were classified as being diarrhoeic (spo-
radic to frequent diarrhoea) or non-diarrhoeic as judged by the farmers. The herd
owners also provided information about any feed additives used on the farm.
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Data collection from log books (IV)

Persons treating the pigs on the farms, i.e. the veterinarians and the owners, filled out the
log books. The ear number of the pigs diagnosed, the date, the disease code, the code of
the person initiating the treatment (owner or the local veterinarian), the duration of the
treatments and the medications used were recorded in the farmer’s log book on the day
of the treatment. The pig disease codes of the Agricultural Data Processing Centre
(Suomen Maatalouden Laskentakeskus) were used in recording the diseases. The own-
ers were advised to send the log books to the slaughter plant together with the slaughter
pigs. Some of the codes were combined for the study as follows: digestive, infective
(diarrhoea, E. coli diarrhoea, bloody diarrhoea, swine dysentery); digestive, other (gas-
tric ulcer, other disorder of the stomach, intestinal volvulus, prolapsed rectum, other
digestive disorder); locomotory (bursitis, nutritional muscular dystrophy, osteochon-
drosis, porcine stress syndrome, other locomotor disorder, fracture, disorder in claws);
nervous (meningitis, other disease with symptoms of nervous system); respiratory (en-
zootic pneumoniae, pleuropneumonia, atrophic rhinitis, other pneumonia, inclusion
body rhinitis); skin (skin infection, trauma, sarcoptic mange, other skin disease); and
other (general bacterial infection, systemic disease, microangiopathy, other cardiovas-
cular disorder, anaemia, aggressiveness, surgical action, accident, other preventive
medication given for reasons not mentioned).

Control by the slaughterhouse animal health service (I-IV)

The animal health service of the slaughterhouse worked closely with the local practi-
tioners. The latter monitored the farrowing units in the health class for any signs of
disease, especially sarcoptic mange, SEP, swine dysentery and progressive atrophic
rhinitis, at least four times a year with a maximum interval of three months. After
each visit, if the herds were considered to be clinically disease-free, the veterinarian
signed a certificate. If the quality officer of the animal health service did not get a
certificate every three months, the farrowing unit was dropped to the unknown health
status category (standard class), which received a lower price for feeder pigs.

The feeder pigs from the health-classified farrowing units were not mixed with stand-
ard-class feeder pigs at any time. They were sorted into the pens of the AIAO finish-
ing units by source farrowing unit. Thus, feeder pigs from different farrowing units
were in principle not mixed in the same pens, making it easier to trace infected far-
rowing units after an outbreak of any of the above-mentioned diseases in a finishing
unit. An inter-pen transmission of infection was, however, possible. The finishing
herds buying the feeder pigs from the farrowing units were observed for signs of
disease by local veterinarians, who checked the farms at least two times per finishing
period. If any of the above-mentioned diseases was found, the infection was immedi-
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ately traced to the likely farrowing units by the animal health service. For example,
antibodies to M. hyopneumoniae confirmed the presence of SEP in the finishing unit
after manifestation of clinical signs of SEP. Next, possible connections of all farrow-
ing herds providing the feeder pigs with outbreaks were checked.

Particularly in Study, I the outbreaks of SEP in the finishing units raising health-classi-
fied pigs were checked by the animal health service. Furthermore, the feedback from
the finishing units by the end of 1997 was verified by collecting the number of feeder
pigs sold from the herds in Study I to finishing units raising only health-classified feeder
pigs.

Sampling and laboratory procedures

Colostrum and serum samples for detection of M. hyopneumoniae antibodies (I)

Before and after the eradication programme, the herds were tested serologically by
collecting blood and colostrum samples (Table 3). The colostrum samples were taken
a median of 1 (0-4) time 427 (143-914) days after the beginning of the eradication
programme.The corresponding figures for blood samples were 1 (0-2) time and 168
(51-753) days. If antibodies to M. hyopneumoniae were found after the programme,
further samples were requested immediately and the history of the sows giving posi-
tive samples was checked.

The owners milked the colostrum samples in 10 ml plastic test tubes before farrowing
or as soon as possible after the start of farrowing. The samples were stored in home
freezers before being sent to the laboratory. On receipt, the samples were frozen again
until analysed (Rautiainen, 1998). The blood samples were collected by the local
veterinarians, sent to the laboratory and centrifuged there before the analysis.

Colostrum and serum samples were tested for M. hyopneumoniae antibodies with an
ELISA assay (DAKO® Mycoplasma hyopneumoniae ELISA kit, DAKO A/S, Glos-
trup, Denmark) using a method described elsewhere (Rautiainen, 1998). The ELISA
result for a herd was considered positive if  >10% out of at least 10 samples tested
positive (Rautiainen et al., 1996). At an individual level, the sensitivity for this ELISA
has been estimated to be 98-100% and the specificity 93-100% (Sorensen et al., 1997)

Skin scrapings for mange mites and serum samples for S. scabiei antibodies (II)

In 25 herds, 15-20 sows or gilts aged at least 5 months were skin scraped in each herd
with a sharp knife along the outer ear canal and examined for the presence of mange
mites under a light microscope within 12 hours. Blood samples were collected from
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Table 3. Follow-up of the herds before and after the Mycoplasma hyopneumoniae eradication attempt
with different variants: Variant 1=possibly infected young pigs were kept in the same building as disease-
free pigs, Variant 2=possibly infected young pigs were kept on the same compound but not in the same
building as disease-free pigs, Variant 3=only adult animals were kept on the same compound as disease-
free pigs.

Variant 1:
S1 348 15 (12) 48 (0) 26 (0) 5.8 (3853) 1.6 (4556)
S8 35 15 (4) 11 (0) 7 (0) Not done Not done
S10 60 13 (3) 14 (0) 20 (0) 6.6 (1854) 0.4 (1820)
S15 50 30 (6) 10 (0) 10 (0) 6.6 (181) 0.8 (124)

Variant 2:
S3 65 32 (10) 11 (0) 10 (0) Not done Not done
S4 60 31 (7) 15 (0)   0 7.5 (187) 1.1 (93)
S5 70 18 (3)   0 18 (0) 7.4 (2006) 5.7 (2674)
S6 50 10 (9)   0 26 (0) 6.4 (78) Not done
S7 40 26 (8) 21 (0) 8 (0) 7.0 (130) Not done
S9 40 15 (2) 75 (0)   0 12.6 (198) 3.7 (540)
S11 30 30 (16) 11 (0) 12 (0) Not done Not done
S12 20 10 (3) 35 (4g) 30 (0) 4.5 (176) 1.1 (348)
S13 20 20 (3) 19 (0) 24 (0) Not done Not done
S16 45 20 (15) 16 (0) 10 (0) 4.9 (428) 0.2 (526)

Variant 3:
S2 50 30 (16) 4 (0) 16 (0) 2.1 (94) 2.0 (50)
S14 40 18 (8) 9 (1) 14 (0) 11.2 (1278) 1.6 (1039)
S17 35 30 (20) 12 (0) 8 (0) Not done 4.8 (63)

Median 45 20 (8) 12 (0) 11 (0) 6.6a  (198) 1.6b (526)

Variant 2
F1 32 27 (5) 38 (1) 52 (11) 9.9 (181) 5.6 (252)
U2 80 33 (7) 13 (3) 0 13.9 (202) 9.4 (572)
Variant 3
F2 150 30 (7) 0 24 (7) 7.6 (263) 3.5  (577)
U1 55 15 (7) 0 27 (9) Not done Not done

Median 68 29 (6) 7 (2) 26 (8) 9.9a (202) 5.6a (572)

a,b Values with different superscripts within the same rows differ significantly (p=0.001)

c S-herds=herds in which eradication succeeded, F–herds=herds in which eradication failed,
U-herds=herds in which eradication remained uncertain because of reinfection

d Number of colostrum samples tested with ELISA (number positive)

e Number of serum samples tested with ELISA (number positive)

f Percentage of pneumonia (number checked)

g 4 old sows were accidentally sampled after the eradication programme

Variant and
herdc

No. of
Sows

Antibodies in
serume

after,
number (pos)

Before,
% (number)

After,
% (number)

After,
number  (pos)

Antibodies in colostrumd Pneumoniaf

Before,
number (pos)
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the vena auricularis or the vena caudalis medialis of the same animals. The sera were
stored at –18oC until assayed. A previously described indirect ELISA assay was used
to detect serum antibodies to S. scabiei (Bornstein and Wallgren, 1997). The sensitiv-
ity and specificity of the ELISA were 87.8% and 99.5%, respectively, employing
clinical diagnosis as the gold standard. A higher sensitivity (100%), but a lower spe-
cificity (32.8%), is given when the results of skin scrapings are used as the gold stand-
ard (Bornstein and Wallgren, 1997).

Rectal swabs (III)

In part 1 of Study III, rectal swabs (Probact, Amies transport medium with charcoal;
Technical Service Consultants Ltd) were taken from 20 pigs which had been weaned
at least two weeks previously in five herds. The pigs had not been given medication
for at least two weeks before sampling or between the repeated samplings. These pigs
represented as many different litters as practically possible for each herd. During the
first sampling visit, the owners were taught how to take two further samples at inter-
vals of two to four weeks. In part 2 of Study III, one person collected all the samples
in the 50 farrowing herds.

The cultivation of Brachyspira samples began within 48 hours of sampling. Pre-re-
duced selective agar plates (Jenkinson and Wingar, 1981) were sliced and inoculated
(Olson, 1996). The plates were incubated anaerobically at 42oC and examined for
growth of Brachyspira every 3 or 4 days for up to 10 or 11 days. The Brachyspira
groups and species were differentiated (Fellström and Gunnarsson, 1995).

Recording and reporting of slaughterhouse data (I, V)

The state meat inspectors (veterinarians and their assistants) routinely record carcass
weights, condemnations and pathological findings in the slaughterhouse. The de-
tailed listing of condemnations identifies the part of the carcass and the amount of
meat or organs condemned, and the specific reasons for condemnations or certain
pathological findings. These data are combined in herds and groups. The feedback
information given to all farmers producing more than 50 slaughter pigs per year in-
cludes average daily gain (ADG), mortality, whole carcass condemnations, partial
carcass condemnations, liver condemnations, other organ condemnations, abscesses,
joint infections, pneumonia (pneumonic lesion with a diameter >2.4 cm) and pleurisy
(Tuovinen, 1994). Although results of carcass classification and feed efficiency (if the
producer has provided information on feed used) are given to the producer, these data
were not available for this study.
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ADG for finishing pigs was computed by dividing the weight increase of the whole
group by the total number of days in the finishing unit, and the calculations were
adjusted by mortality. Final live weights were calculated from slaughter weights.
Mortality was calculated by subtracting the number of slaughtered pigs from the
number of purchased pigs.

Statistical analyses

The univariate analysis methods used included the Wilcoxon signed-rank test (I), the
Kruskall-Wallis one-way analysis of variance (III) and the Fischer exact test (III). The
analyses were carried out with the Statistix version 1.0 statistical package (Analytical
Software, 1996).

The multivariate methods (V) were performed with SAS (SAS Institute Inc, 1996).
Continuous data were analysed with PROC MIXED (Littell et al., 1996) of SAS using
the repeated statement. Variables with a Poisson distribution were analysed with the
generalized linear model procedure PROC GENMOD (Stokes et al., 1995) using
Poisson regression with the repeated statement. Binary data were analysed with a
logistic regression model in PROC GENMOD also using the repeated statement.
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RESULTS

All results are described in detail in the individual papers. The following section gives
the results considered to be of main significance.

Eradication programmes and their follow-up in farrowing herds (I, II)

M. hyopneumoniae eradication programmes (I)

The eradication programme succeeded in 17 herds (81%, S-herds), failed in 2 herds
(10%, F-herds) and remained uncertain in 2 herds (10%, U-herds). The success of the
eradication attempts according to the different variants of the programme was as fol-
lows: All herds using variant 1 succeeded. The herds using variants 2 and 3 succeeded
in 10 (83%) and 3 (60%) cases, failed in one (8%) and one (20%) case, and remained
uncertain in one (8%) and one (20%) case, respectively.

The number of colostrum and serum samples analysed for the presence of antibodies
to M. hyopneumoniae are presented in Table 3. The percentage of pneumonia had
decreased in S-herds from 6.6% to 1.6% (p=0.001) and in F- and U-herds combined
from 9.9% to 5.6% (p>0.1) (Table 3).

Fourteen out of 17 S-herds had sold altogether 7531 feeder pigs to finishing units
rearing only health-classified piglets, and no outbreaks of SEP had been traced to the
farrowing herds. Three S-herds (S5, S10 and S14) had grown all of their piglets them-
selves, and their ELISA samples and pneumonia figures can be seen in Table 3.

Possible risk factors are presented for the S-, F- and U-herds in Table 4. These factors
include distance in metres between possibly infected young pigs and disease-free
pigs during the eradication attempt, time between diagnosis of the disease and the
beginning of the programme, age of the youngest pig remaining in the herd, length of
time that possibly infected and disease-free piglets were on the same compound, and
treatment during the eradication attempt.

Failure in herds F1 and F2 was confirmed at 17 and 5 months, respectively, after the
beginning of the eradication. Reasons for failure could not be determined. Farm F1
started the eradication programme 5 months after the disease had been diagnosed in
colostrum samples and used variant 2, which housed possibly infected and disease-
free piglets 50 metres apart for 15 weeks. Herd F2 used variant 3 and started the
programme 12 months after the disease had been diagnosed. The large percentage of
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Table 4. Possible risk factors in eradicating enzootic pneumonia in successful (S-herds), failed  (F-herds)

or uncertain (U-herds) herds. Variant 1=possibly infected young pigs were kept in the same building as

disease-free pigs, Variant 2=possibly infected young pigs were kept on the same compound but not in the

same building as disease-free pigs, Variant 3=only adult animals were kept on the same compound as

disease-free pigs.

S-herdsb     F-herdsb U-herdsb Total

Risk factor N=17 N=2 N=2 N=21

Distance (metres) between

possibly infected young pigs

and disease-free pigs during

eradication attempt

Variant 1a 15, 10-20 - - 10, 10-20

Variant 2a 100, 10-200 50 200 100, 10-200

Variant 3a 500, 500-5000 16000 200 500,200-16000

Months from diagnosing 12, 4-36 9, 5-12 8, 3-12 12, 3-36

disease to beginning of

programmea

Age of the youngest pig 12, 8-18 11, 10-12 12, 10-14 12, 8-18

remaining in herd  (months)a

Time when possibly infected 9, 0-24 8, 0-15 6, 0-12 9, 0-24

and disease-free piglets were

on same compound (weeks)a

Treatment during programme,

number of herds

Lincomycin in feed 3 0 0  3

Lincomycin in feed + injection 7 1 0  8
Tiamulin in feed 6 1 1  8
Tiamulin in feed + lincomycin injection 1 0 0 1
No information about treatment 0 0 1 1

a Median, range
b S-herds=herds in which eradication succeeded, F–herds=herds in which eradication failed, U-
herds=herds in which eradication uncertain because of reinfection

animals aged about 10 months might have caused the failure. Two herds (U1 and U2)
were reinfected by replacement gilts bought from infected herds without a quarantine
period shortly after performing the eradication.
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Sarcoptic mange eradication programmes (II)

In 312 (96%) of the 323 farms where at least 7 months had passed after the start of the
programme, the eradication attempt had been successful, and in 7 (2%) herds, it had
failed. Four (1%) owners were uncertain of the outcome. In these herds, the eradica-
tion programmes had been initiated a median of 19 (range 7-130) months before the
questionnaire was distributed.

In 90% of the farms judged to have a successful programme the local veterinarians
had used the recommended treatments (Table 5). Four of the 7 unsuccessful farms had
used two ivermectin injections as recommended and three had applied other treat-
ments. Most of the successful farmers and all unsuccessful farmers had cleaned and
sprayed the environment with insecticides (Table 5). When asked for the reasons for

Table 5. Treatments and cleaning procedures used on the 323 farms responding to the questionnaire

about the sarcoptic mange eradication programme. The programme had been started at least 7 months

before the questionnaire was distributed. The figures represent the number (percentage) of herds.

Treatment

Recommended treatments used 282 (90%) 4 (57%) 4 (100%)

Two ivermectin injections, 14-days interval 273 4 4

Three phoxim applications, 6-days interval 9

Non-recommended treatments used 26 (8%) 3 (43%)

Ivermectin and phoxim simultaneously 10

One ivermectin injection 6 1

One ivermectin injection plus phoxim 1-3 times 6 1

Two phoxim applications 2 1

Two ivermectin injections, one-year interval 1

Stamping out 1

No information about treatments 4 (1%)

Cleaning

Cleaning of pens and spraying them

with insecticides 275 (88%) 7 (100%) 4 (100%)

No cleaning or spraying 12 (4%)

Different cleaning procedures 19 (6%)

No information about cleaning 6 (2%)

Farms
unsuccessful in

eradication,
N=7

Farms successful
in eradication,

N=312

Farms with
 uncertain result,

N=4
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failure, 2 of the 7 farmers reported a reinfection because of new animals brought into
the herd without quarantine and 5 were unable to indicate any reason.

The successful farmers indicated the benefits of the programme in the questionnaire.
The most common responses were “animals are more undisturbed, facilities last
longer or it is quieter in the barn “. In all, 17% of farmers failed to indicate any
benefits of the programme. Complaints about sarcoptic mange were made for less
than 1% of the groups bought by the finishing units; 695, 782 and 856 groups during
the years 1995, 1996 and 1997, respectively.

On the 25 farms, the mange eradication programmes had been started 20 (range 7-
106) months earlier. One farmer had become uncertain about the result of the pro-
gramme on his farm (herd S), and the local veterinarian had treated the animals with
phoxim-pour on 4 and 2 weeks before the farm visit (Table 6). All 25 farms were
clinically mange-free, skin scrapings were negative and rubbing indexes were <0.1.
On 10 farms, all animals had OD-values lower than 0.175, the previously recom-
mended cut-off value of the ELISA (Bornstein and Wallgren, 1997). In 14 herds, 1-3
samples with values slightly above this cut-off point. Herd S, which had retreated the
animals a few weeks before the visit, had 5 samples above the cut-off point. Recently,
a new cut-off point (0.205) based on results obtained from non-SPF mange-free ani-
mals has been employed (Bornstein S, unpublished). When this new cut-off value was
used, 7 farms each had one sample slightly above the cut-off point, and the OD-values
of the above-mentioned 5 animals of herd S remained above the cut-off (Table 6).
Bornstein et al. (2000) later recommended a cut-off point of 0.210.

The Brachyspira study (III)

Detection of Brachyspira species (III, Part 1)

The herd initially positive for B. hyodysenteriae (herd A) showed B. hyodysenteriae
in 20% (4/20) of samples in the first and the third samplings. In addition, B. interme-
dia was found once. For each of the three samplings, herd B had positive results for B.
intermedia in 35-75%, herd C for B. pilosicoli in 20-30% and herd D for B. group III
in 10-70% of samples. Herd E was negative for Brachyspira growth except for 2
positive samples once when B. group III was isolated.

Estimation for the required sample size per herd was made in Part 2. The minimum,
median and maximum prevalences for different Brachyspira species were calculated
and the number of animals needed to detect at least one affected animal in a herd was
obtained (DiGiacomo and Koepsell, 1986). A median of 9, 11 and 14 samples were
needed to detect B. intermedia (with assumed prevalence 30%), B. group III (with
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Table 6. ELISA results from 25 herds visited after the sarcoptic mange eradication programme. Two

different cut-off values are used, 0.175 and 0.205.

Timea Number of samples OD Number of  samples

Herd (months) OD-valuesb Nc >0.175 (values) OD >0.205 (values)

L 25 0.053  (0.025-0.106) 19 0 0

A 7 0.054  (0.024-0.075) 19 0 0

AA 17 0.063  (0.027-0.096) 20 0 0

Q 24 0.063  (0.020-0.125) 20 0 0

Ä 18 0.067  (0.044-0.112) 20 0 0

D 15 0.069  (0.047-0.119) 20 0 0

J 20 0.074  (0.048-0.114) 20 0 0

X 37 0.078  (0.033-0.136) 20 0 0

N 21 0.085  (0.033-0.153) 20 0 0

C 106 0.087  (0.063-0.171) 19 0 0

R 18 0.076  (0.043-0.180) 20 1 (0.180) 0

O 18 0.078  (0.035-0.177) 19 1 (0.177) 0

K 9 0.092  (0.037-0.199) 20 1 (0.199) 0

E 18 0.094  (0.041-0,184) 20 1 (0.184) 0

F 27 0.100  (0.038-0.181) 18 1 (0.181) 0

P 32 0.101  (0.051-0.177) 19 1 (0.177) 0

B 22 0,099  (0.044-0.194) 15 2 (0.176, 0.194) 0

Å 21 0.073  (0.035-0.220) 20 1 (0.220) 1 (0.220)

I 19 0.076  (0.048-0.208) 19 1 (0.208) 1 (0.208)

M 24 0.083  (0.044-0.246) 20 1 (0.246) 1 (0.246)

W 20 0.085  (0.052-0.252) 20 1 (0.252) 1 (0.252)

H 18 0.092  (0.036-0.253) 20 1 (0.253) 1 (0.253)

Y 14 0.088  (0.043-0.250) 20 2 (0.202, 0.250) 1 (0.250)

Z 23 0.102  (0.055-0.221) 20 3 (0.180, 0.187, 0.221) 1 (0.221)

Total, 20 0.076  (0.020-0.253) 20 1 0

median (7-106) (15-20) (0-3) (0-1)

(range)

Sd 20 0.121  (0.054-0.353) 20 5 (0.232, 0.235, 0.275,

0.310, 0.353)

a Time period between beginning of eradication programme and herd visit
b Levels of serum antibodies presented as optical density (OD) values, median (range)
c Number of samples from sows and gilts
d In herd S, the animals had been retreated 2 and 4 weeks before herd visit, all other farmers thought that

the eradication programme had succeeded.
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assumed prevalence 25%) and B. pilosicoli (with assumed prevalence 20%), respec-
tively (95% confidence level). The corresponding figure for B. hyodysenteriae was 14
samples per herd for two of the samplings with assumed prevalence of 20%. It is
noteworthy that during one of the samplings no B. hyodysenteriae was found. To
detect a lower prevalence of positive pigs than the median, more samples would have
been required. However, it was decided that, in practice, a maximum of 20 samples
would be used because of cost considerations.

Prevalence of Brachyspira species in farrowing units (III, Part 2)

No B. hyodysenteriae was detected in any of the herds. B. pilosicoli was isolated in 14
herds (28%), B. intermedia in 5 herds (10%) and B. group III in 37 herds (74%). Nine
herds (18%) were negative for all Brachyspira species.

Forty-two owners (84%) classified their herds as diarrhoeic and 8 (16%) as non-diar-
rhoeic. Detection of Brachyspira species was not affected by the classification of the
herd.

Table 7. Number (%) of 50 farms which were positive for different Brachyspira species in relation to the

feed additive used

Feed Number Brachyspira Brachyspira Brachyspira Brachyspira Any Brachyspira

additive of herds hyodysenteriae  intermedia groupIII  pilosicoli  species

Carbadox 20 0 2a (10) 10a (50) 1a (5) 12a (60)

Olaquindox 26 0 3a (11) 24b (29) 10b (38) 25b (96)

No feed 4 0 0 3 (75) 3 (75) 4 (100)

additives

ab: values with different superscripts within the same columns are significantly different (p<0.01).

Feed additives were used in 46 herds. The herds using carbadox were less likely to be
positive for any Brachyspira species, B. group III or B. pilosicoli than the herds using
olaquindox (Table 7). The herds that did not use feed additives could not be tested
statistically because they were so few in number.

Fourteen herds were positive for B. pilosicoli and these herds had a median in-herd
prevalence of 13% (range 5-70%) for B. pilosicoli. The median prevalence for the
herd using carbadox was 5%, for the 10 herds using olaquindox 20% (5-50%) and for
the three herds not using feed additives 10% (10-70%). These differences were not
statistically significant.
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The five herds positive for B. intermedia had a median in-herd prevalence of 5% (5-
45%). For the two herds using carbadox and the three herds using olaquindox, the
figures were 8% (5-10%) and 5% (5-45%), respectively. Statistical analysis was not
possible due to the small number of samples.

Thirty-seven herds were positive for B. group III and they had a median in-herd prev-
alence of 45% (5-100%). In the 10 herds using carbadox, the 24 herds using olaquin-
dox and the three herds not using feed additives, the corresponding figures were 30%
(10-70%), 58% (5-100%) and 25% (15-90%), respectively. These differences were
not statistically significant.

Diagnoses and treatments in finishing units (IV)

A total of 595 log books were available for analysis. They contained data on of 207
442 pigs, which was 79% of all the pigs reared on LSO 2000 finishing farms during
the time period studied.  The pigs were reared on 152 finishing farms and the size
median of one group was 301 pigs (range 30-1000).

Altogether 9% of the pigs were either mass medicated or treated individually. A me-
dian of 5% of the pigs per group was treated. No animals were medicated in 30 groups
(5%).  Antimicrobial mass medication was given to 23 groups (4%) to treat respirato-
ry disorders in 10 groups (2%), infective digestive disorders in 9 groups (2%), other
digestive disorders in 2 groups (0.3%) and oedema disease in one group (0.2%). No
diagnosis had been recorded in one mass-medicated group (0.2%). A veterinarian
visited the herds on average 2.6 times (sd=1.0) during the finishing period. Veterinar-
ians diagnosed the sick animals in 58% of cases.

Arthritis and tail biting were the most common diseases diagnosed in the finishing
units when the percentage of groups with at least one affected pig was studied. The
median percentage of pigs treated for different diseases in the affected groups after
excluding the mass-medicated groups ranged from 0.3 to 3% (Table 8).

Altogether 8% of the pigs were treated with antimicrobials either individually or with
mass medication.  b-lactam antibiotics (mostly penicillin), tetracycline and the group
of lincosamides, macrolides and pleuromutilins were commonly used drugs. The use
of trimethoprim-sulpha, enrofloxacin and combinations of several antimicrobials was
less common (Table 9). Medicines other than antimicrobials were used for 1450 pigs
(0.7% of all pigs): Anti-inflammatory drugs were given to 574 pigs (3% of treated
animals), vitamin E plus selenium to 372 pigs (2% of treated animals), corticoster-
oids to 338 pigs (2% of treated animals), antiparasitic drugs to 106 pigs (0.6% of
treated animals) and other medicines to 102 pigs (0.6% of treated animals).
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Table 8.  Diagnoses used with individual treatments in all in – all out LSO 2000 finishing units. The

percentage of groups affected represents groups where at least one diagnosis of the disease in question

was recorded in the log book (altogether 572 groups, mass-medicated groups excluded). The percentage

of pigs treated describes the median percentage (range) of pigs having different diagnoses in the affected

groups.

Diagnosis % of groups  Median % of pigs % of all pigs reared

affected treated in affected treated

groups individuallya

Arthritis 70 2  (0.1-27) 2

Tail biting 69 3 (0.1-100) 2

Locomotory 34 0.7  (0.2-19) 0.3

Respiratory 13 0.5  (0.1-14) 0.2

Digestive, infective 12 0.7  (0.2-8) 0.1

Glässer 11 0.5   (0.1-9) 0.08

Unknown disease 11 0.4 (0.1-2) 0.04

Skin 8 0.4   (0.2-11) 0.07

Digestive, other 6 0.5  (0.2-6) 0.05

Abscess 5 0.3  (0.1-2) 0.02

Erysipelas 4 2  (0.2-17) 0.1

Nervous 3 0.4  (0.2-0.7) 0.01

Oedema 1 1  (0.4-11) 0.05

Other 11 0.4  (0.1-4) 0.07

Information missing 29 3 (0.1-17) 0.5

Any disease 95 5  (0.2-100) 6a

aSome pigs counted more than once because of >1 treatment period per pig or >1 disease code per

treatment recorded
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percentages of drug-treated diseased pigs (595 groups) are presented.

% of animals having the diagnosis treated with:

Diagnosis No of β-lactam Tetracycline Trimethoprim- Lincosamides, Enrofloxacin Several Only treatments Information

diagnosesb antibioticsc sulpha macrolides and antimicrobials  other than missing about

pleuromutilinesd simultaneously  antimicrobials treatments

used

Arthritis 3764 58 24 1 2 0 2 1 12

Tail biting 4983 73 13 2 0 0 1 0 11

Locomotory 669 46 18 1 5 0 0 17 12

Respiratory 3027 3 36a 0 59a 0 0 1 3

Digestive, infective 3023 0 2 1 73a 0 23a 0 1

Glässer 215 32 6 21 0 0 13 0 27

Digestive, other 1039 3 2 3 82a 2 4 1 1

Erysipelas 224 88 0 0 0 0 0 0 11

Oedema 495 0 0 85a 0 0 0 0 14

Miscellaneouse 536 36 15 2 2 1 0 33 10

Information missing 1055 41 15 5 2 17a 0 5 14

TOTAL 19 030 37 16 4 27 1 4 3 8

a 88-100% of these treatments have been given as mass medications, all other treatments have been individual treatments
b Some pigs counted more than once because of >1 treatment period per pig or >1 disease code per treatment recorded
c Penicillin or ampicillin
d Lincomycin, spiramycin, tiamulin or tylosin
e Miscellaneous = skin, abscess, nervous, unknown disease, other
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Performance and meat inspection findings in finishing units (V)

In 1995, all study herds were non-LSO units. By 1998, 76 had become LSO 2000
units, while 90 remained non-LSO 2000 units (Table 10).

Performance of finishing herds (V)

Herds using health class (HC) pigs had an increase (36.9 g) in ADG and a decrease
(4.4 days) in time in the finishing unit compared with the herds using standard class
(SC) pigs (Tables 10 and 11). If the ADG and the average time of the SC pigs (792
grams and 108 days, respectively) were used, the increase of 36.9 grams was about
5%, and the decrease of 4.4 days was about 4%. Similarly, LSO 2000 units had a
corresponding increase of 14.4 g (2%) and a decrease of 1.9 days (2%) compared with
those in the non-LSO 2000 units (847 grams and 103 days, respectively).

HC pigs had lower mortality rates (about one third less) than SC pigs and the LSO
2000 units also had a decrease in mortality (about one third less) compared with the
non-LSO 2000 units (Tables 12 and 13). Herd size was not associated with any of the
performance parameters in the model (Tables 11 and 13).

1995 1998

Non-LSO 2000 units LSO 2000 Non-LSO 2000 units

units

HC pigs SC pigs HC pigs HC pigs SC pigs

Number of herds 73 93 76 37 53

Daily gain, g/day 851 + 57 812 + 66 868 + 45 847 + 52 792 + 53

Time, days 94 + 5.6 98 + 7.4 101 + 5.8 103 + 6.4 108 + 6.6

Slaughter weight, 78.8 + 2.7 78.0 + 3.8 83.6 + 2.3 83.2 + 3.0 82.0 + 3.2

kg

Size, number of 312 + 102 285 + 122 329 + 107 324 + 115 233 + 113

pigs

Table 10. Daily gain, time in finishing unit, slaughter weight and herd size for LSO 2000

and non-LSO 2000 units growing health-classified (HC) or standard-class (SC) feeder pigs in Finland.

Values are means + standard deviations.
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Table 11. Effects of health-classified pigs and LSO 2000 units on daily gain and time in finishing unit in

166 swine finishing herds in Finland in 1995 and 1998 (mixed-model analysis with repeated measure-

ments for continuous outcomes).

Daily gain (g)a Time in finishing unit (days)b

b Standard p b Standard p

error  error

Intercept 206.8 69.5 <0.01 63.2 8.8 <0.01

Health-classified pigsc 36.9 6.1 <0.01 -4.4 0.8 <0.01

LSO 2000 unitd 14.4 6.8 0.04 -1.9 0.9 0.04

Year 1998e -41.4 6.3 <0.01 7.0 0.8 <0.01

Weightf 7.7 0.9 <0.01 0.4 0.1 <0.01

 a Null Model Likelihood Ratio test = 1737, df=2, p<0.0001

 b Null Model Likelihood Ratio test = 1063, df=2, p<0.0001
c Vs standard-class pigs
d Vs non-LSO 2000 unit
e Vs year 1995
f For every kg slaughterweight

Table 12. Mortality, condemnations and pathological findings in meat inspection for LSO 2000 and non-

LSO 2000 units and for herds using health-classified (HC) or standard -class (SC) feeder pigs. Values are

median percentages (ranges), except for the number of herds.

1995 1998

Non-LSO 2000 units LSO 2000 units Non-LSO 2000 units

HC pigs SC pigs HC pigs HC pigs SC pigs

Number of herds 73 93 76 37 53

Mortality 1.1 (0-7.7) 1.8 (0-9.8) 1.0 (0-6.3) 1.7 (0.4-6.4) 2.7 (0-6.1)

Whole carcass

condemnations 0.6 (0-2.1) 0.5 (0-3.2) 0.3 (0-2.0) 0.5 (0-2.1) 0.5 (0-2.7)

Partial carcass

condemnations 3.0 (0.5-8.5) 2.6 (0-5.5) 3.4 (0.4-9.1) 3.9 (1.2-11.5) 3.9 (0-11.5)

Liver

condemnations 1.0 (0-22.7) 2.1 (0-35.1) 4.6 (0-77.8) 4.7 (0-64.9) 12.2 (0-99.1)

Organ

condemnations 1.3 (0-4.7) 1.8 (0-5.9) 1.3 (0-5.6) 1.3 (0-5.4) 2.0 (0-8.8)

Arthritis 1.3 (0-5.0) 1.3 (0-4.8) 1.7 (0-6.1) 2.0 (0.5-6.3) 1.9 (0-6.3)

Abscesses 1.0 (0-4.3) 0.8 (0-4.3) 1.2 (0-4.5) 1.8 (0-4.8) 1.6 (0-5.2)

Pneumonia 1.4 (0-42.8) 15.0 (0-36.0) 0.5 (0-36.1) 0.9 (0-6.7) 5.6 (0-19.7)

Pleuritis 1.6 (0-20.9) 2.4 (0-23.2) 1.0 (0-10.9) 1.4 (0-11.1) 1.8 (0-7.4)
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Condemnations and pathological findings at meat inspection (V)

HC pigs had 15% more partial carcass condemnations, 55% fewer liver condemna-
tions, 28% fewer organ condemnations, 73% fewer pneumonia cases and 43% fewer
pleuritis cases than SC pigs (Tables 12 and 14). Health classification of the pigs was
not associated with whole carcass condemnations, arthritis or abscesses. The LSO
2000 units had about one third fewer whole carcass condemnations and about one
fifth fewer partial carcass condemnations than the non-LSO 2000 units. No associa-
tion was found between herd classification and liver or organ condemnations or any
of the pathological findings recorded at meat inspection (Tables 12 and 14).

Table 13. Effects of health-classified pigs and LSO 2000 units on mortality in 166 swine finishing herds

in Finland in 1995 and 1998 (logistic regression model with repeated measurements)a.

Parameter Standard p-value OR (95% CI)

estimate (β) error

Intercept -3.82 0.07 <0.01   -

Health-classified pigsb -0.38 0.10 <0.01 0.68 (0.56-0.83)

LSO 2000 unitc -0.37 0.13 <0.01 0.69 (0.54-0.89)

Year 1998d 0.30 0.08 <0.01 1.35 (1.16-1.60)

a Deviance = 1056, df = 328, p<0.01
b Vs standard-class pigs
c Vs non-LSO 2000 unit
d Vs year 1995
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Table 14. Effects of health-classified pigs and LSO 2000 units on condemnations and pathological find-
ings in meat inspection in 166 swine finishing herds in Finland in 1995 and 1998 (Poisson and logistic
regression models with repeated outcomes).

b Standard p OR 95% CI
error

Whole carcass condemnationsP,e

Intercept -0.28 1.17   0.81  -  -
LSO 2000 unitb -0.38 0.14 <0.01 0.69 0.52-0.91
Year 1998c 0.25 0.13 <0.05 1.28 1.002-1.64
Weightd -0.06 0.01 <0.01 0.94 0.91-0.97

Partial carcass condemnationsP,f

Intercept -1.85 0.66 <0.01  -  -
Health-classified pigsa 0.14 0.06   0.02 1.15 1.02-1.29
LSO 2000 unitb -0.20 0.07 <0.01 0.81 0.71-0.93
Year 1998c 0.49 0.07 <0.01 1.63 1.43-1.86
Weightd -0.02 0.01 <0.01 0.98 0.96-0.99

Liver condemnationsL,g

Intercept -2.94 0.15 <0.01  -  -
Health-classified pigsa -0.80 0.16 <0.01 0.45 0.33-0.62
Year 1998c 1.22 0.16 <0.01 3.39 2.50-4.61

Organ condemnationsP,h

Intercept -3.85 0.06 <0.01  -  -
Health-classified pigsa -0.32 0.09 <0.01 0.72 0.61-0.85

ArthritisP,i

Intercept -4.23 0.05 <0.01  -  -
Year 1998c 0.38 0.06 <0.01 1.46 1.29-1.64

AbscessesP,j

Intercept -1.64 1.00 0.10  -  -
Year 1998c 0.58 0.10 <0.01 1.78 1.47-2.17
Weightd -0.04 0.01 <0.01 0.96 0.94-0.99

PneumoniaL,k

Intercept 2.95 1.61 0.07  -  -
Health-classified pigsa -0.99 0.15 <0.01 0.37 0.28-0.50
Year 1998c -0.73 0.19 <0.01 0.48 0.33-0.70
Weightd -0.06 0.02 <0.01 0.94 0.90-0.98

PleuritisL,l

Intercept -3.02 0.09 <0.01  -  -
Health-classified pigsa -0.52 0.14 <0.01 0.60 0.45-0.78
Year 1998c -0.55 0.14 <0.01 0.58 0.44-0.76

a Vs standard-class pigs fDeviance=699, df=327, p<0.01
b Vs non-LSO 2000 unit gDeviance=8297, df=328, p<0.01
c Vs year 1995 hDeviance=1126, df=330, p<0.01
d For every kg slaughterweight iDeviance=566, df=330, p<0.01
P Poisson regression model, repeated measurements, jDeviance=704, df=329, p<0.01
offset=log(herd size)

L Logistic regression model, repeated measurements kDeviance=7813, df=328, p<0.01
e Deviance=524, df=328, p<0.01 lDeviance=2710, df=329, p<0.01
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DISCUSSION

The measures and investigations involved in the development of a new pork produc-
tion system, the LSO 2000 quality chain, from its inception in 1994 until 1998, are
described. Herd health programmes vary from simple systems to intensive pro-
grammes (Radostits et al., 1994a). The LSO 2000 system could be described as the
latter, because it is run on a large scale and all farmers can voluntarily join it. The
costs and benefits of joining the LSO 2000 system, in the form of investments in
proving disease-free status (farrowing herds), in changes in management or housing
and in the higher costs of purchasing health-classified pigs (finishing herds), must be
estimated individually for each farm. The requirements of the herds in the health class
can be changed if needed. At the moment, non-medicated meat can be produced in the
LSO 2000 quality chain (Tuovinen et al., 1997b; Tuovinen, 1999b). Ultimately, it is the
customers who decide what kind of meat is produced and how much they are willing to
pay for it. In addition to meeting consumer demand, the development of the health class
system has been an effective way to gather swine herds under organized health care
aimed at better health and productivity.

Eradication programmes (I, II)

Success of programmes (I, II)

Study I provides data about how the SEP eradication programmes can be performed
with a minimum production interruption in small herds. Studies, where similar meth-
ods have been used are very few. In the Swiss method, all animals older than 10
months are removed from the herd for the eradication. In Switzerland, as many as 110
herds had eradicated SEP by 1989 (Zimmermann, 1990). Some reinfections (7.3%)
did, however, occur after the successful programme (Zimmermann et al., 1989). In-
terestingly, in Study I, two out of five eradication programmes using the Swiss meth-
od failed or had an uncertain result. In contrast, studies comprising only 3-4 herds
report a success rate of 100% (Baekbo et al., 1994; Lium et al., 1994; Zimmermann
and Weiskopf, 1996). In another study of infected animals housed on four farms dur-
ing the programme, one herd failed to eradicate the disease (Wallgren et al., 1993). It
is, however, quite difficult to differentiate a failure from a reinfection. At least one
year, but preferably two years, should pass until the success can be announced. Nev-
ertheless, in the LSO 2000 quality chain, all farrowing herds were accepted into the
health class immediately after the eradication programme serving as great motivation
for the farmers. In the case of a failure, the feedback from the finishing units is ex-
pected to reveal the failure effectively.
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Study II demonstrates that it is possible to progress from disease control to eradica-
tion on a large scale in the case of sarcoptic mange. Farmers also became interested in
eradicating SEP when evidence about the success of the programme received public-
ity during and after the follow-up of Study I.  Both eradication programmes had been
quite successful. M. hyopneumoniae was eliminated from 81% of the herds; however,
the final result was uncertain because of reinfections in 10% of herds. With regard to
sarcoptic mange, 96% of herds eradicated the disease based on farmers’  opinions and
supported by the visits of local veterinarians.

The fact that sarcoptic mange can be eradicated from swine herds is well established,
although reports are usually concerned with small numbers of herds, i.e. 1 to 4 herds/
study (Henriksen and Ebbesen, 1987; Jensen et al., 1988; Madsen, 1988; Oksanen
and Tuovinen, 1990; Lambers, 1994). In one study (Jensen, 1988), 22 herds were
involved and all succeeded in eradicating mange. However, producers have previous-
ly tolerated S. scabiei infections in their herds. Only after health-classified piglets
started drawing better prices did they become interested in eradicating the parasite.
Nonetheless, despite most experts agreeing that we have the tools, mange is still far
from being eradicated (Carlton, 1997). For example, recent studies estimated that the
current prevalence of sarcoptic mange was 31-56% in the lots slaughtered in the
swine belt of the central United States (Melancon, 1998).

Follow-up of eradication programmes (I, II)

The follow-up of the eradication programmes was done partly as a routine control of
the LSO 2000 health class, including the clinical control of both the farrowing and
finishing farms (Study I and II) and colostrum samples (Study I). The intensive con-
trol done by the animal health service of the slaughterhouse was an essential part of
the follow-up to regularly gather all information about veterinary visits and laborato-
ry results from herds.  Furthermore, the immediate actions in cases of clinical signs or
positive samples from herds were invaluable in limiting the possible spread of infec-
tion to other herds. The owners of the finishing units were very likely to report all
disease suspects to the animal health service of the slaughterhouse, because they had
paid a higher price for the health-classified feeder pigs and a warranty against some
diseases was given by the company. Further controls were study-specific: follow-up
of pneumonia in herds (I), determination of serum antibodies to S. scabiei (II), farm
visits (II) and questionnaires (II).

Opinions of farmers about herd disease status are usually considered as unreliable infor-
mation, but in the case of swine sarcoptic mange their views carry more weight (Davies et
al., 1996). Apart from recent mange infections, it is unlikely that herd infections would go
undetected in untreated populations (Dobson and Davies, 1992). In addition, the opinions
of the owners in Study II were supported by regular visits by the local veterinarians mon-
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itoring for signs of disease.  The reported length of the incubation period in experimental
studies has ranged from 2-3 weeks (Sheahan, 1974) to 7-11 weeks (Cargill and Dobson,
1979). In natural infection, the clinical symptoms started by 3-4 months after bringing S.
scabiei-infected animals into four SPF herds (Keller et al., 1972). Clinical signs developed
in mange-free pigs from 4.5 to 13 weeks after exposure to pens previously occupied by S.
scabiei-infected pigs (Smith, 1986). Based on our practical experience the farmers be-
come aware of mange infection within half a year after a reinfection or a failure in an
eradication programme has occurred.  By that time, clinical signs reappear because acari-
cides are no longer used. In Study II, the follow-up time after the eradication had been
sufficiently long to reveal possible failures. The high response rate (100%) to the survey
leaves no room for speculation that the farmers with unsuccessful eradication pro-
grammes might have been non-respondents.

Special features of SEP eradication programmes (I)

Important factors in SEP eradications are the separation of the animal groups with
different disease statuses, the length of time that infected young pigs are kept close to
disease-free pigs, the number of infected animals and the number of animals at risk of
being infected. The groups should always be kept as far from each other as possible to
avoid airborne transmission of M. hyopneumoniae. The distance between infected
and uninfected animals is an important risk factor regarding the spread of infection of
SEP (Goodwin, 1985; Jorsal and Thomsen, 1988). However, facilities on the farm can
be used to cut down the expenses in small herds as shown in Study I. The length of
time that infected young pigs are close to disease-free animals should be as short as
possible. Nevertheless, other factors did seem to be more important than the distance
and the time period, although our results cannot be generalized because of the small
herd size and the small number of herds. When animals with different disease statuses
are housed for a long time on the same compound, the airborne transmission of M.
hyopneumoniae becomes more likely. Airborne transmission can occur especially
during certain periods of the year: long periods of constantly low temperatures (0-
3oC) and continuously high relative humidity 80% (Stärk et al., 1992b). Moreover,
other preventive measures may be forgotten in routine work (changing clothing, using
separate equipment, etc.). The distance involved cannot explain all the differences;
other environmental factors need to be considered as well in determining the spread
of the disease (Stärk et al., 1992a).

The eradication programme should not be initiated until the infection has spread
through the herd so that the older animals acquire immunity. After a reinfection, there
should be a time period of about one year until an eradication programme is attempt-
ed. In other studies, the length of time between diagnosis and initiation of the eradica-
tion programme has not been reported or the information has only been given for
some farms (Zimmermann et al., 1989; Zimmermann, 1990; Wallgren et al., 1993;
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Baekbo et al., 1994; Lium et al., 1994). Interestingly, a recent study reported a suc-
cessful eradication programme even in an acute phase of infection, only 5 weeks after
appearance of the first clinical signs (Lorenzen 2000).

While the Swiss method allows pigs older than 10 months to be left in the herd, it is
more advisable to keep only primiparous sows or older sows (Zimmermann et al.,
1989). Limited data is available about the development of immunity in individual
animals. However, older sows provide piglets with higher levels of maternal antibod-
ies and the possibility of a SEP carrier state in older sows is usually much lower
(Zimmermann and Weiskopf, 1996).

The ELISA method has been used for testing blood (Sorensen et al., 1992, 1993;
Morris et al., 1995) and colostrum (Sorensen et al., 1993; Levonen, 1994; Rautiainen,
1998, 2000) samples for M. hyopneumoniae. Collection of the colostrum samples
was a very practical way to control the SEP status of the farrowing herds in Study I.
The clinical follow-up in the farrowing units and especially in the finishing units
buying the health-classified piglets proved the success of the programmes. The per-
centage of pneumonia after the eradication was ambiguous in some of the herds stud-
ied. Three herds had pneumonia in more than 3% of  pigs slaughtered after the erad-
ication. For herd S17, the explanation might lie in the small sample size. The pneu-
monia percentage for the S9 herd  had dropped from 12.6% to 3.7%, indicating that
the percentage was high before the eradication. This herd may have had problems
with ventilation or microbes other than M. hyopneumoniae. For herd S5, no good
explanation can readily be found for the pneumonia percentage dropping only slight-
ly after the eradication. Bacteriology and histopathology are recommended to verify
pneumonic lesions for successful disease control. Unfortunately, these methods were
not available for this study.

Special details of the follow-up of sarcoptic mange eradications (II)

Clinical signs such as pruritus have appeared to be a better indicator of scabies infec-
tion than the results of skin scrapings, especially in adult animals (Courtney et al.,
1983). Skin scrapings alone have not been found to be reliable in proving absence of
sarcoptic mange (Bornstein et al., 1994; Lambers, 1994; Bornstein and Wallgren,
1997), although they are of value in the chronic form of the disease. In pigs with acute
sarcoptic mange, evidence of rubbing, hair loss, abrasions and urticaria have proven
to be more reliable guides (Cargill and Dobson, 1979). Under experimental condi-
tions, rubbing and scratching episodes have been a good indicator of the presence of
S. scabiei in pigs (Cargill and Dobson, 1979; Hollanders et al., 1995), with a rubbing
index greater than 0.4 considered to be a good indicator of mange (Madsen, 1988). All
farms in Study II had rubbing indices below 0.1.



55

The determination of antibody levels against sarcoptic mange is a possible tool in
monitoring the efficacy of eradication programmes, especially in combination with
other diagnostic methods. However, interpretation of these serological results needs
to be done carefully. The cut-off OD value to discriminate positive from negative
sows was previously set at 0.177 based on SPF pigs (Bornstein and Wallgren, 1997),
but in a recent study using non-SPF, mange-free animals it was increased to 0.205
(Bornstein S, unpublished). Later, the cut-off point was further raised to 0.210 (Born-
stein et al., 2000).  Antibody levels will generally drop below the cut-off value within
10 to 12 months of eradication of mange in adult animals (Bornstein et al., 1994), but
some animals may retain antibodies for a longer period of time (Bornstein S, personal
communication), similarly to individuals with SEP. Serum antibodies to M. hyopneu-
moniae have been demonstrated for three years after eradication of the infection
(Rautiainen et al., 12000). In growing pigs, the decrease in specific antibodies follow-
ing treatment is quicker (Bornstein et al., 1994). The background OD values may vary
between animals bred in different environments (Greiner and Böhning, 1994; Born-
stein and Wallgren, 1997) or in animals of different ages (Bornstein and Wallgren,
1997). Several different species of mites are present in the environment of pigs and
immunological cross-reactivity exists between S. scabiei and the allergy-causing
house-dust mites Dermatophagoides pteronyssimus and D. farinae (Falk et al., 1981;
Arlian et al., 1988, 1991). The time from farrowing also affects the amount of anti-
bodies in blood of sows (Bornstein et al., 2000). The median OD value in our study
for 24 clinically mange-free herds was 0.076. These herds were likely to be free from
mange in spite of the few increased OD values. The serological response in one herd
strongly suggests that it actually was infected and that acaricidal treatment was indi-
cated. The best age of pigs to be sampled for determining antibodies to S. scabiei is 10
to 12-week-old piglets (Jacobson et al., 1999), or fatteners born after an eradication
programme (Hollanders et al., 1997) to avoid positive results due to the specific anti-
bodies being present as a result of pre-treatment mange infections. Sampling young
animals also has another advantage: there is no need to wait for a year before tests for
the success of the programme can be initiated. Piglets younger than 10 weeks should
not be sampled because of possible disturbance of maternal immunity (Bornstein and
Wallgren, 1997). However, due to a low pathogen load in age-segregated herds, sero-
conversion to specific infections does not necessarily occur in the young pigs. In these
herds, monitoring of serum antibodies among sows appears to be required (Bornstein
et al., 2000).

Co-operation between different parties (I, II)

Good co-operation between the farmer, the local veterinarian and the animal health
service of the slaughterhouse was essential. The role of the animal health service was
to promote and control eradication programmes, provide advice, and help in planning
the actions at farm level. The farmers and the local veterinarians, for their part, did the
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practical work on the farms. It was important that an individually tailored, detailed
design for each farm was planned and followed throughout the programme by a veter-
inarian, who was also to clarify possible risk factors for the farmer. The skills of local
veterinarians in herd health management became increasingly essential during the
eradication programmes. This is in accordance with the general trend of the swine
veterinarian’s role (Radostits et al., 1994b).

Biosecurity measures (I, II)

Preventing the introduction of porcine pathogens into a swine herd is a continual
challenge for pork producers and swine veterinarians. The easiest way to transmit
porcine pathogens into a herd is to introduce infected pigs (Amass and Clark, 1999).
As shown in the present study, a proper quarantine scheme is crucial. Because of the
purchase of new animals from infected herds with no quarantine measures, the results
of two herds (10%) in Study I were uncertain. Similarly, in Study II, two out of seven
farmers with a failed eradication attempt reported a reinfection due to new animals
brought into the herd without quarantine. This shows the importance of clarifying the
disease status of the herd selling the animals and of always using proper quarantine
measures for incoming animals. Pathogens can also enter the herds in the following
ways: semen, aerosols, other animals, insects, feed, vehicles and people (Amass and
Clark, 1999). Veterinarians should remember their role in preventive and advisory
work. They should inform the farmer about proper biosecurity measures before initi-
ation of any eradication programmes and if these cannot be provided, no eradication
measures should be implemented.

Medications (I, II)

Medications have traditionally been considered to be an essential part of eradication
programmes, although more for some infective agents than others, depending on the
characteristics of the agent. M. hyopneumoniae, for example, has been found to be
susceptible to a wide variety of antimicrobials in vitro (Laak et al., 1991). Several
different antibiotics have been used in eradication programmes (Zimmermann et al.,
1989; Wallgren et al., 1993; Baekbo et al., 1994; Lium et al., 1994; Madsen and
Larsen, 1996; Larsen et al., 1998), but further research is needed to clarify whether
medication is truly required in the eradication process. In Study I, the choice of med-
ication did not seem to affect the success rate of the programme. However, the
number of herds was small and no statistical methods could be used to test the results.
The piglet-free period is the nucleus of the eradication programme and medication is
given only to further diminish the risk (Zimmermann et al., 1989). Convincingly, in
one study, a successful eradication programme was carried out with no medications
used for 28 gilts (Sorensen et al., 1992). An interesting point is also that the doses of
medications in Study I were noticeably lower than those recommended in some other
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studies (Zimmermann et al., 1989), which gives further evidence for the theory that
medication is not an essential component of the eradication programme.

In the case of sarcoptic mange, the use of proper medicines at sufficient dosages for
all pigs is key to a successful eradication. Study II shows that creating a swine health
class with a large number of mange-free herds is possible by eradicating the agent
with recommended treatments. Interestingly, some veterinarians had used methods
other than those recommended and still succeeded. One explanation is that some of
the farms may not have been mange-positive from the beginning and the eradication
programme had merely been undertaken as an additional assurance. However, ac-
cording to the questionnaire, the percentage of farms never to have been infected by
mange (9%) is consistent with a previous epidemiological study in the same area
(Tuovinen et al., 1994c). Treatments develop continuously. After our study, new ef-
fective treatments for eradicating sarcoptic mange have been published; mange can
now be eradicated with a combination of injectable and in-feed ivermectin (Smets et
al., 1999), or with a single injection of doramectin (Arnason et al., 2000; Jacobson et
al., 2000).

Cleaning and disinfecting the environment (I, II)

Cleaning and disinfecting of the premises is usually connected with eradication pro-
grammes, even though its importance has been unknown. However, careful cleaning
during the eradication does reduce the infective pressure from other organisms, and
thus, is recommended (Wallgren et al., 1993).

In sarcoptic mange eradications, the need for cleaning and spraying the pens with
insecticides is currently under discussion. In Study II, farmers who had not done any
cleaning still had successful eradications. Using effective acaricides without disinfec-
tion of the environment has been shown to be sufficient in successfully carrying out
eradication of S. scabiei infections in swine herds (Cargill et al., 1996; Jacobson et al.,
1999). Although mites have been kept alive for 3 weeks under optimum laboratory
conditions (Soulsby, 1982), survival of the mites and eggs away from the host is lim-
ited (Cargill and Davies, 1999). Mites die within a few minutes in direct sunlight and
after several hours in temperatures above 28oC. Even in colder climates, mites do not
appear to survive for more than 12 days in a piggery at temperatures of 7-18oC and
relative humidity of 65-75% (Mikhalochkina, 1975).

In Study I, emptying the rooms of dry sows for proper cleaning appeared unnecessary.
M. hyopneumoniae is not very likely to be spread throughout the premises or fomites
(Whittlestone, 1973). It can survive in a liquid medium in the laboratory at room
temperature for about 30 days and in a refrigerator for about 100 days, whereas in
small pieces of pneumonic tissue the survival time is 7 days at room temperature
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(Goodwin, 1972). The organism does not survive air-drying at room temperature be-
yond approximately one week (Friis, 1973). Furthermore, the mycoplasmas are
known to be susceptible to most disinfectants.

The Brachyspira study (III)

Study III provided the information needed in planning the LSO 2000 strategies
against different Brachyspira species, especially B. pilosicoli. It became clear, that it
was quite difficult to identify Brachyspira-negative herds, and therefore, it may not be
feasible to require that herds in the LSO 2000 class be free of Brachyspira species
other than B. hyodysenteriae. In addition, the prevalence of B. pilosicoli was higher
than expected and the effect of the feed additives on diagnostics was found to be
significant, which further makes it difficult to demand the absence of the organism. B.
intermedia, B. pilosicoli and B. group III were detected fairly consistently in 20 bac-
teriological samples per herd, but laboratory costs were quite high. Establishing a
system for continuously screening several hundred herds for Brachyspira species
bacteriologically would require an enormous laboratory capacity. The number of
samples per herd may have been insufficient for detecting herds with a low prevalence
of the infection. The percentage of positive samples in the positive herds was lower in
the prevalence study than in the study concentrating on the number of samples need-
ed. If more samples had been taken from each herd, more of the herds might have
been positive for different Brachyspira species. However, collecting more samples
would have been financially impractical. The polymerase chain reaction (PCR) assay
can be used as an alternative to biochemical tests or when a rapid diagnosis is required
(Fellström et al., 1997), although it is not available routinely in Finland. Serology has
been used in detecting B. hyodysenteriae in serum (Diarra et al., 1995), colostrum and
milk of sows (Diego et al., 1994). However, the apparent lack of a systemic immune
response may create problems for the future development of diagnostic serological
tests for B. pilosicoli (Hampson et al., 2000), which in addition is a very diverse group
serologically (Lee and Hampson, 1999).

The percentage of herds positive for B. pilosicoli was surprisingly high, in contrast
with the results for B. intermedia and B. group III, which were at the levels assumed
before the study. The prevalence of Brachyspira species has not been studied widely
outside Scandinavian countries. B. pilosicoli was found in 37% and B. group III in
74% of 19 randomly selected herds in Sweden, but no B. hyodysenteriae or B. inter-
media was detected in any of them (Fellström et al., 1996a).  In Norway, B. pilosicoli
was found in 51.6% of 93 finishing or integrated production herds (Flo and Bergsjo,
2000). In Denmark, B. pilosicoli was isolated in 37% of 98 herds (Moller et al., 1998).
These results are otherwise comparable with the results of Study III, but in Sweden
most of the farmers did not give any feed additives to the piglets and the four herds
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that did receive additives were given twice as much olaquindox as in our study. The
Norwegian study made no reference to the use of feed additives. Antimicrobial feed
additives were used in 42% of the Danish herds, but the relationship between feed
additives and presence of microbes was not studied. In an American study, rectal
swabs were taken from 12 to 20 pigs with diarrhoea in the finisher stage of a multisite
production system consisting of 10 herds; B. pilosicoli was isolated from five of the
herds and B. hyodysenteriae from two (Duhamel, 1998).

Changing the feed additive from olaquindox to carbadox might reduce the levels of
Brachyspira to below detection level. In vitro, carbadox has been found to be approx-
imately 10 times more effective against Brachyspira species than olaquindox (Fell-
ström et al., 1996b). In a study determining the in vitro antimicrobial susceptibility of
B. pilosicoli isolates from the UK, USA and Canada, all isolates were found to be
susceptible to carbadox (Duhamel et al., 1998). For some of the Brachyspira species
studied, the feed additive used had an effect on the number of positive herds as well as
on the number of positive samples in a positive herd. It is therefore possible that more
herds might have been positive for the different Brachyspira species if either no feed
additives or olaquindox had been used instead of carbadox. Most commercial diets
for piglets contained some feed additives at the time Study III was undertaken. Since
1999, however, the industry has voluntarily refrained from using antimicrobial feed
additives in pig feeds, and this would very likely increase the amount of positive herds
in a similar study.

Although swine dysentery affects pigs of all ages, it is more common in fattening than
in breeding units (ter Huurne et al., 1995). Swine intestinal spirochaetosis is a disease
of pigs that have been weaned at least one week before sampling (Harris and Lysons,
1992). Under field conditions, diarrhoea associated with B. pilosicoli has been found
to be most prevalent within 10 to 14 days after mixing pigs from different sources and
changing the feed to a grower ration (Duhamel, 1998). In Norway, 10 samples were
taken from each of 190 breeding herds, and haemolytic Brachyspira species were
isolated from 88% of these samples. In 54% of the herds with haemolytic Brachy-
spira strains, the bacteria were isolated from more than half of the samples and espe-
cially from pigs weighing more than 30 kg (Torp and Gjein, 1990). The best age to
sample pigs for growing Brachyspira species is probably slightly later than that used
in Study III, that is, during the finishing period. However, if absence of different
Brachyspira species was a requirement in the quality chain, the diagnosis would need
to be made before the finishing stage.

As expected, no B. hyodysenteriae was isolated from the health-class herds in the
prevalence study. A chronic B. hyodysenteriae infection remained undetected during
one of the samplings in the first part of Study III. It might, therefore, be necessary for
more samples to be taken in order to detect at least one positive sample in an infected
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herd. Clinical signs of SD seem to occur in cycles (Harris and Lysons, 1992). Infec-
tion pressure can vary with time, especially in a large herd like the one in question.
Practical experience from the finishing units raising LSO 2000 health-classified feed-
er pigs and results from regular post-mortem inspections support the results of the
prevalence study.

The particular Brachyspira species identified did not have a significant effect on the
occurrence of diarrhoea in the herds. The percentage of farmers who judged their
herds as diarrhoeic was high, particularly because they were supposed to have the best
health status in the area. Earlier in Finland, 82% of owners of farrowing units claimed
that their herds had had diarrhoea within the last year and 25% of veterinarians ob-
served diarrhoea during one farm visit (Tuovinen et al., 1994c). In Sweden, about half
of the farmers classified their herds as diarrhoeic (Fellström et al., 1996a). Even
though an association has been recognized between certain weakly b-haemolytic in-
testinal spirochetes and diarrhoea (Taylor et al., 1980; Thomson et al., 1998), an asso-
ciation is not always present between diarrhoea and, for example, B. pilosicoli. The
significance of B. pilosicoli in the field remains unclear; in a study of gnotobiotic
pigs, some remained unaffected by the bacteria (Neef et al., 1994). One factor which
may explain the different results may be a considerable intrinsic variation in the phe-
notype of B. pilosicoli, with some strains being pathogenic and others being less so
(Thomson et al., 1997). Further confusion arises from field cases where combined
infections of B. pilosicoli with other forms of enteric disease have been observed,
particularly with Yersinia pseudotuberculosis and Lawsonia intracellularis in the UK
(Thomson et al., 1997), and with Lawsonia intracellularis, Salmonella enterica and
haemolytic Escherichia coli in Denmark (Moller et al., 1998). The prevalence and
importance of especially Lawsonia intracellularis in Finnish pig herds should be clar-
ified so that strategies can be planned against if needed. Concerning B. pilosicoli, the
following questions remain unanswered in Finland as in the US (Stevenson, 2000):
prevalence of the agent in the whole country, the proportion of pigs infected in an
infected herd, the cost of subclinical infection, the cost of the clinical disease, and the
best and most cost-effective methods of treatment, control and elimination.

Medications in finishing units (IV)

Study IV demonstrates that the need for medications in the finishing units belonging
to the LSO 2000 quality chain was low; 91% of pigs received no treatment. The most
common infectious diseases had been eliminated and the management and housing of
the herds was controlled. The need to use medications had apparently decreased; in an
earlier study (Heinonen et al., 1997) in the same area, 19% of pigs were medicated
and 11% of groups were given mass medications. While the housing and the manage-
ment of the finishing units in the earlier study were not controlled, the feeder pigs
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were of the same health status. Elbers (1991) found considerable variation in the use
of veterinary drugs between farms in the Netherlands. There, group medication was
given to 69% and 84% of the farms because of intestinal disorders and respiratory
disorders, respectively. In contrast, only 4% of the groups in Study IV were given
mass medication. The more clinical signs present on a pig finishing farm, the more
drugs were used (Elbers et al., 1992). Less drugs were administered on farms with
good air quality, a closed pig herd, a heating system, mechanical ventilation, proper
animal density, regular cleaning and disinfection programmes, a vermin control pro-
gramme, good hygiene status and veterinary supervision. The ultimate goal is not the
total avoidance of antimicrobial use, but their scientifically founded use, where anti-
biotics are 1) tailored to the correct diagnosis, and 2) used as little as possible, but
always in the amount needed (Blaha, 1996). Recording antimicrobial treatments is
another aspect of management that is important in quality assurance programmes
(Van Dresser and Wilcke, 1989; Elbers, 1991). Antimicrobial usage data obtained this
way could be useful in tissue residue risk profiling of market hog consignments for
meat inspection activities, evaluating compliance of withholding times, residue de-
tection follow-up investigations, and monitoring trends in antimicrobial usage in the
industry (Dunlop et al., 1998c).

In Finland, the publication of the national antibiotic policy (Anonymous, 1996a) and
recommendations for treatment (Anonymous, 1996b) have very likely affected the
selection of the antimicrobials used. Most treatments follow general policy. However,
the use of several antimicrobials simultaneously in Glässer syndrome or infective
digestive disorders is not according to recommendations. In an American study, the
types and doses of injectable medications given to periparturient sows and the reasons
for administering these medications were determined (Straw et al., 2000). A high
percentage of medications were either not indicated for the specific condition or were
used in larger or smaller dosages than the approved dose. The conclusion was that
better treatment protocols are needed. In Study IV, no information about the dosage
was collected. In the future, more attention should be given also to the dosages used in
the finishing units in Finland. In the case of antimicrobials and pork production, in-
formation on patterns of antimicrobial use during pork production is fundamental for
evaluating the risks associated with particular antimicrobials (Cordle, 1988), and for
identifying any new risk reduction strategies that might be needed to reassure con-
sumers of safe and judicious use of  antimicrobials (Dunlop et al., 1998c).

Individual treatment rates of grower-finisher pigs have been found to be low for swine
herds in a questionnaire-based study in Canada, where about half of the producers
treated 0.1-10% of the grower-finisher pigs individually (Dunlop et al., 1998c). This
result is comparable with ours, although the Canadian study did estimate that 48% of
marketed pigs were exposed to antimicrobials in finisher rations. In contrast to Study
IV, where most of the groups originated from 10-15 farrowing units, both in the study
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of Elbers (1991) and Dunlop et al. (1998c), about 85% of the finishing herds received
feeder pigs from less than 3 farrowing herds.  An increasing number of farrowing
herds supplying the feeder pigs has been found to be associated with a decreasing
percentage of drug-free finishing periods per farm (Elbers et al., 1990). In our study,
the farmers regarded the pigs as individuals and the use of individual treatments were
preferred to mass medications.

Notably, no antimicrobial feed additives or prophylactic group medications were
used. In spite of this, the growth of  health-class pigs has been good; in 1997, it was an
average of 861 grams per day during the finishing period. The response to antimicro-
bial feed additives is greater in young pigs and in unhygienic housing (Kunesh and
Zimmerman, 1994). Antimicrobial feed additives are also commonly used for grow-
ing/finishing pigs; in Great Britain, 29% of farmers gave them to finishers and 57% to
growers (Pearce, 1999). In Studies IV and V, the farmers joining the health class
system voluntarily made the decision to refrain from using antimicrobial feed addi-
tives.

Veterinary control of finishing farms (IV)

Health and treatment of pigs in Study IV were monitored during the monthly visits of
local veterinarians. Veterinarians initiated more than half of the treatments. The veter-
inarians had initiated 58% of the treatments for 595 groups during 2.6 visits, making
approximately 7 diagnoses per visit. With an average rearing time of 96 days, the
owners had made 0.1 diagnoses per day (42% of treatments). The treatments seem to
accumulate on the days when the veterinarian visits the herd, which was expected.
The veterinarian is usually called to see the herd when several animals become sick.
The farmer can purchase medicines only through the veterinarian or with a prescrip-
tion from the pharmacy. The owners may have delayed the initiation of treatments
because they did not wish to call the veterinarian to treat a single pig and they did not
have the proper medicine available. However, it is recommended that all sick animals
should be treated as soon as possible. Proper supervision of on-farm use of antimicro-
bials is the veterinarian’s responsibility (Mackinnon, 1993). In Canada, only 23% of
larger operations participated in herd health programmes and only about half of the
producers experiencing a disease outbreak in growing-finishing pigs actually consult-
ed a veterinarian (Dunlop et al., 1998c). Information about a specific pig unit, the
competence of the managerial staff to apply the antibiotic as prescribed and the previ-
ous history of the use of different antibiotics on a farm can only be acquired by a
frequent veterinary presence on the farm (Walton, 1984). The existence of a strong
veterinarian-client relationship is important for the safe use of antimicrobials and
there is a need for increased veterinary involvement in health maintenance, disease
diagnostics and responsible medicine usage in the swine industry (Dunlop et al.,
1998c).
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Diseases in finishing units (IV, V)

The manifestation of a disease and its effect on performance are highly dependent on
the management of the pigs and their housing. Study IV gives information about the
diseases in finishing units rearing health-classified feeder pigs. The most common
diagnoses were different for these pigs compared with animals in other systems. Be-
cause the farrowing herds were free from the most common infective agents, the need
for mass medications was low, and only a need for some individual treatments re-
mained, which was the initial aim of the health class system. Based on our field expe-
rience, we think that the farmers and veterinarians did not leave sick pigs untreated.
The farmers got the same price for untreated and treated slaughter pigs after the with-
drawal time.

Otherwise common infective diseases, such as respiratory and digestive disorders, af-
fecting the whole finishing group were quite rare in Study IV. The low occurrence of
respiratory diseases can also be seen in Study V, which clearly demonstrated that health
classification of the feeder pigs succeeded in controlling pneumonia and pleuritis in the
finishing units. It is notable that the prevalence of pneumonia and pleuritis also dropped
in the groups of standard-class pigs between 1995 and 1998. The prevalence of enzootic
pneumonia caused by M. hyopneumoniae has been shown to be very low in the study
population (less than 10%) (Tuovinen et al., 1994c). When pigs with different disease
status were not mixed during the finishing phase, the M. hyopneumoniae-positive
groups had an advantage because the susceptible pigs were no longer in the same
groups getting the disease and increasing the infection pressure. The prevalence of Ac-
tinobacillus pleuropneumoniae is very high in the study population, over 90% (Tuovin-
en et al., 1994c). Nevertheless, it seems that if one can control SEP, actinobacillosis
leading to increased pleuritis does not cause many problems. This statement may, how-
ever, be oversimplified. Holmgren et al. (1999) found that pigs showing pleuritis at
slaughter had developed antibodies to M. hyopneumoniae early during the rearing peri-
od to a greater extent than pigs without pleuritis. By contrast, in this same study, the
transmission of M. hyopneumoniae had no influence on the spread of infection with A.
pleuropneumoniae serotypes 2 or 3, but the spread of A. pleuropneumoniae serotypes 2
and 3 were positively correlated to each other. The serotype pattern in a particular area
must be known when disease control measures are planned. In Finland, the most preva-
lent serotypes of A. pleuropneumoniae are 2 and 3, but other serotypes also exist in
different parts of the country (Levonen et al., 1996). It is typical of serotype 3 not to
cause acute epidemics. In Finland, serotype 2 strain seems to be less virulent and clini-
cal signs are infrequent (Levonen et al., 1996).

Specific causes and predisposing factors for arthritis and tail biting in the finishing
herds need to be clarified in further studies to enable actions to be planned for reduc-
ing their occurrence. These diagnoses were more common than expected. It was as-
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sumed that controlling housing and management would decrease their occurrence. In
Study V, an overall increase in arthritis occurred from 1995 to 1998, which neither
health-classified pigs nor LSO 2000 units could prevent. In LSO 2000 units, routine
mass medications and antimicrobial growth promoters are prohibited. The need to
use mass medications in other herds is also likely to be considerably lower after the
health classification has been able to control diseases, especially SEP. It can be hy-
pothesised that the overall decrease in the usage of antimicrobials may have had an
effect on the occurrence of arthritis. In a study in Denmark, a notable increase in the
prevalence of chronic arthritis from 1984 to 1993 was found (Buttenschon et al.,
1995). They speculated that the intensification of production had resulted in a deteri-
oration of environmental health factors in production units. Arthritis is an economic
concern for farmers because of partial or whole carcass condemnations in the abattoir.
The association of zoonotic agents with swine arthritis and the resulting public health
hazards are additional considerations (Hariharan et al., 1992). Erysipelothrix rhusio-
pathiae, Streptococcus spp. and mycoplasmas mainly cause non-purulent arthritis in
slaughter pigs (Buttenschon et al., 1995). However, in two studies more than 70%
(Buttenschon et al., 1995) and 63% (Hariharan et al., 1992) of arthritic joints have
been found to be sterile. All joints with any kind of arthritis are condemned, even
though only a portion has public health significance. Certain diagnostic methods are
available to differentiate between infectious and degenerative (osteochondrosis) joint
diseases (Friede and Segall, 1996), but they are not presently used in the slaughter-
house. The etiological diagnosis is not often pursued, presumably since there is a
relatively low monetary value of individual pigs as well as the expenses of autopsy
and microbiological investigations. The clinical diagnosis alone determines the
choice of therapy and prophylaxis (Nielsen 2000). The aetiology of joint reactions
needs further investigation (Nakano et al., 1987) to determine the roles of degenera-
tive joint diseases, different infective agents and decreased usage of antimicrobial
agents in the increase of joint infections.

In Finland, the owners of the finishing units usually purchase feeder pigs from a
dealer whose stock is derived from several small farrowing herds. This system has
been the only practical way of economically arranging a feeder pig supply for finish-
ing units (Tuovinen et al., 1997a), but it also brings microbes from several farrowing
herds into one finishing herd. The feeder pigs were delivered to the pens of the finish-
ing units according to the herd of origin. The occurrence of some diseases typically
originating from certain farrowing herds may have been low (e.g. Glässer syndrome,
oedema disease and possibly erysipelas) because it was easy to selectively treat only
certain pens in cases of a disease outbreak in a finishing unit.

The only negative outcome for the health-classified piglets was the increase in partial
carcass condemnations. These have previously been found to be mostly due to arthri-
tis (50.0%) and abscesses (35.5%) (Tuovinen et al., 1994a). Health classification of



65

the pigs decreased neither arthritis nor abscesses in Study V. However, the LSO 2000
units had fewer partial and whole carcass condemnations than the non-LSO 2000
units. Several feeder unit environmental factors have been associated with condemna-
tions, especially with partial carcass condemnations (Tuovinen et al., 1992). The re-
quirements of LSO 2000 units were based on the above-mentioned study, and the
main purpose was to avoid practices leading to condemnations and decreased per-
formance on these farms. However, one could have also anticipated a lower preva-
lence of abscesses in LSO 2000 units. Abscess formation on carcasses relates directly
to husbandry practices on the farm (Edwards et al., 1997), and is frequently the result
of tail biting (Huey, 1996; Wallgren and Lindahl, 1996) or fighting injuries, which in
turn are less common in herds with good management and housing.

Tail biting, like many undesirable behaviours occurring in pig production systems,
has a multi-factorial aetiology (Hunter et al., 1999). Possible causes include intercur-
rent disease, physical environmental conditions, social environmental factors and ge-
netic factors. Based on the literature and on empirical evidence, tail biting appears to
be a behavioural problem which is triggered by more than one adverse environmental
factor (Chambers et al., 1995). Its result may be death, paralysis secondary to a spinal
abscess, reduced growth rate or full recovery (Chambers et al., 1995). Tail biting has
been found to affect the lifetime growth rate despite penicillin treatment (Wallgren
and Lindahl, 1996). Its potential importance in whole carcass condemnation has been
demonstrated (Huey, 1996). In Study IV, tail biting was often encountered; in more
than half of the groups, at least one pig was affected. However, the percentage of
affected pigs on affected farms was quite low, a median of 3%. In a postal survey, tail
biting similarly occurred on 66% of farms, but the percentage of affected pigs was not
investigated (Chambers et al., 1995). In another study in the UK, a mean of 3.1% of
docked and 9.2% of long-tailed pigs showed evidence of tail biting (Hunter et al.,
1999). An earlier report of the overall incidence of tail biting in undocked pigs was
11.6% (Penny and Hill, 1974). Farmers practice routine clipping of pigs’ tails, and
while this may reduce the incidence of tail biting, it often only masks the underlying
problem (Fraser, 1987). The pigs in Study IV had long tails because docking piglets’
tails in Finland is forbidden. It should be noted that the percentage of pigs treated for
tail biting is not the same as the percentage of pigs having bitten tails in the slaughter-
house, as some cases may be left untreated. Study IV shows that the need to treat pigs
for tail biting remains, despite the improvement to health status and the control of
environmental factors. Unfortunately, no routine exists for recording the carcasses
with bitten tails in Finnish slaughterhouses. Inclusion of either a special slaughter
check of a group of animals or a routine inspection of carcasses for tail wounds might
be useful (Flesjå et al., 1982; Straw et al., 1986).

The presence of milk spot lesions on liver is an accurate indicator of recent ingestion
of infective Ascaris suum eggs (Bernardo et al., 1990). Subclinical infection and dam-
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age caused by the migration of A. suum larvae can lead to indirect losses through
decreased live-weight gains, adverse food conversion efficiencies and liver condem-
nations (Murrell, 1986). A strong upward trend in the prevalence of A. suum during
the last decades has been demonstrated in some studies (e.g. Menzies et al., 1994).
The health-classified pigs in Study V had fewer liver condemnations than standard
pigs, most likely because they had been dewormed before transport to the finishing
units. However, the overall trend in Study V was upward, and the LSO 2000 units did
not have fewer liver condemnations. The present control methods for A. suum infec-
tions in LSO 2000 units have been ineffectual. According to Menzies et al. (1994), the
most effective measure would be regularly timed, proper cleansing procedures.

In some countries, like Finland (Peltoniemi, 1999) and Norway (Lingaas and Ronnin-
gen, 1990), a general swine production and disease-recording system has been estab-
lished, but in information is usually collected from farrowing units alone. A national
recording system also including swine finishing units would provide an excellent in-
formation base on the overall disease incidence rates and use of medications, which in
turn could give owners and veterinarians a better understanding of the situation on
individual farms.

Performance, housing and management of finishing herds (V)

Health in swine finishing units is influenced by the feeder pig quality and the manage-
ment and housing of the herd. Diseases affect herd performance (Elbers, 1991). The
risk of introducing infectious diseases to the herds increases when the feeder pigs
originate from several farrowing units as in the present studies. A field trial of health
classification of multi-source feeder pigs has already given promising results on the
performance and meat inspection findings of herds raising health-classified pigs
(Tuovinen et al., 1994b). The benefits of the LSO 2000 units in Study V were an
increase in daily gain and a decrease in finishing time, a decrease in mortality and a
noticeable decrease in whole and partial carcass condemnations. The association be-
tween different diseases and environmental factors has been reported in several other
studies (Lindqvist, 1974; Bäckström and Bremer, 1978; Flesjå et al., 1982; Done,
1991; Tuovinen et al., 1992; Köfer et al., 1993; Blaha and Neubrand, 1994; Ekkel et
al., 1996; Jensen and Blaha, 1997).

The major objective during the finishing phase of pig production is to grow and finish
the pig as rapidly as possible and still obtain a lean pig that will yield the highest carcass
score possible to obtain maximum economic returns (Radostits et al., 1994b). Feed
conversion efficiency, daily weight gain and mortality rate are the most important pro-
duction performance factors on pig fattening farms (Dijkhuizen, 1989). According to
Study V, all of these except feed conversion efficiency, which was not available for the
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study, improved both in herds with health-classified pigs and in the LSO 2000 units.
However, growth of pigs and their feed conversion efficiency do have a strong positive
correlation.

Mortality in the finishing period can be high and the pigs that die represent a consid-
erable economic loss (Straw et al., 1983). Significant progress has been made in re-
ducing the prevalence of animal diseases that cause mortality (Ngategize and Ka-
neene, 1985). Mortality rates in older reports appear to be higher (e.g. Willeberg et al.,
1978), often exceeding 4%, than in more recent reports (Losinger et al., 1998), with
rates of about 2%. The focus on management and housing in the LSO 2000 herds
decreased mortality in Study V, and further improvement was gained when health-
classified pigs were raised.

Data (IV, V)

A relatively high percentage (79%) of the log books were returned. In Study IV, the
figure should have been higher because in a quality chain one would expect better
involvement of the farmers. However, sending of log books was only advised. No
follow-up of missing log books was done, which likely would have netted more
books. The control of the quality chain needs to be improved in this respect. The study
showed that it is difficult to effectuate control systems involving all farmers. None-
theless, the groups representing the missing 21% of log books were not likely to differ
from the ones participating in the study by, for example, having more disease or treat-
ments. On the contrary, perhaps the log books were not returned because there were
no treatments.  All LSO 2000 finishing herds had paid a high price for their minimal
disease feeder pigs. Based on our field experience, the farmers were likely to report
disease problems to the slaughterhouse. By returning the log books, they could sub-
stantiate a claim to the dealer, the slaughterhouse, about the poor health of the ani-
mals, especially if there were numerous of treatments. The reporting of treatments
had no negative impact on the price of the meat.

An obvious limitation in the study was that some of the recordings in the log books
were incomplete. A diagnosis was missing for at least one pig in 29% of the herds,
representing 0.5% of all pigs reared. Similarly, information about drug use was lack-
ing in 8% of treatments. One would anticipate better record keeping of the farmers
and veterinarians of quality chain herds. According to Finnish legislation, all treat-
ments, including date, identification of the animal treated, medication and withdrawal
time, must be recorded on farms. Farmers and veterinarians should be better educated
about this matter. They should realize that it is of the utmost importance to be able to
reveal all medicines used in pork production to the customer. Furthermore, proper
recording is essential in all follow-up work. It is important that the persons responsi-
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ble for the practical work and continued administration of the treatment fully under-
stand what they are doing and why they are doing it (Mackinnon, 1993). One can only
improve those things which are properly measured.

The author is well aware of the potential selection bias of the herds in Study V. Some
results of dropout herds were analysed to assess their effect on the final results. Most-
ly, small herds with low daily gain had discontinued their production. This has been
the general trend in Finland, especially in the 1990’s. Farmers may be selling to other
companies because of the price meat yields or the unwillingness to join the health
class system. One might speculate that if the dropout herds had also had a result in
1998, most of them would likely have been in the group of non-LSO 2000 herds, and
thus, they would have increased the difference between groups. The possible bias of
better herds joining the LSO 2000 system was corrected by having both a historical
and parallel control, and by studying the magnitude of the change in the same herds
within 3 years. Herds with mortality higher than 10% were excluded; the slaughter-
house findings of these pigs were not necessarily representative of the whole herd,
since more than 10% of the animals were missing. An obvious limitation in the study
was that there was no group of LSO 2000 herds having SC piglets in 1998. However,
at the time of the study, no such herds were available because one requirement of the
LSO 2000 units was to grow only HC pigs. The effect of the lack of the above-men-
tioned group on the final result is difficult to estimate. Total elimination of the bias
could only have been achieved by assigning the herds in the groups randomly. How-
ever, this was not possible in this kind of a field study because farmers could neither
be forced to join the system nor stay outside of it.



69

CONCLUSIONS

1. Health classification of the feeder pigs and the LSO 2000 system for finishing
herds was beneficial and proved to be effective in gathering swine herds under
organized health control. The health-classified piglets and the LSO 2000 finis-
hing herds had better results in most of the outcome variables studied as compared
with standard class.

2. The eradication programmes against swine enzootic pneumoniae and sarcoptic
mange were successful. The next step is to expand the programmes to include all
herds in a region or throughout the country.

3. Determination of antibody levels with careful interpretation of results is a potential
tool in monitoring the efficacy of sarcoptic mange eradication programmes.

4. Proper biosecurity measures are crucial before initiation of any eradication
programme.

5. The intensive control by the animal health service of the slaughterhouse was an-
essential component both in the follow-up of the eradication programmes and in
the development of the quality chain.

6. The local veterinarians controlled the herds in the LSO 2000 system regularly.
Further education of farmers and local veterinarians about swine diseases, medi-
cations, management and especially record keeping is needed. Proper record kee-
ping and its regular control is imperative in providing customers with complete
data on all medicines used in pork production.

7. Requiring farrowing herds in the LSO 2000 chain to be free of Brachyspira spe-
cies other than B. hyodysenteriae is not feasible.

8. B. intermedia, B. pilosicoli and B. group III were detected consistently in bacteri-
ological samples from herds known to be positive.

9. The need for medications was low in finishing herds belonging to the LSO
2000 chain, despite no antimicrobial feed additives being used. In addition, the
pigs could be treated individually because the most common infective diseases
requiring mass medication had been eliminated.
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