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INTRODUCTION

In 1987, the World Health Organization in cooperation with the Food and
Agriculture Organization of the United Nations iniriated aetivities focusing on
the control of sub-clinical infections which lead to contamination of animal
products, ineluding harvesting and slaughter processes. They concern
salmonellosis, campylobacteriesis, listeriosis, toxoplasmosis, Q-fever,
anisakiagic and other human diseages due to pathogens which may not be detected
in the live animal and which escape routine meat ind figh tnsgecglon A number
of WHO consultations have dealt with such agents. The WHO
Expert Commlttee on Sal?onellosis Control in 1988 stressed the role of animal and
animal product hygiene, New epldemiological developments, particularly the
spread of Salmonella enteritidis, stimulated increased activities in a number of
countries. This has been reflected in the WHO Comsultatlon on Efidemiological
Emergency in Poultry and Egg Salmonellosils (Geneva, March 1939), a WHO :
Working Group on Salmonella Immunizationm (Jena, March 1989), and & WHO
Consultation on Research on New S5laughter Technglogies to reduce
Cross-contamination, (Rogkilde, February 1990).

Several international groups were created during these meetings mainly to
promote further research, activities wTsch are in line with a resolution of the
World Health Assembly, 1989 (WHA4Z.40) urging Member States to intensify
their efforts for the prevention and contrel of salmwonellosis, in the splrlt of
intersectoral collaboration.

The analysis of present technolegy and potential for development in the
production of animals free of invasive salmonellae in micreobiclogically monitored
farms has encouraged the research teams and national authorities to promote
breeding hygiene, including proper feed safety and the zoo-sanitary measures.

New approaches and rapid scientific advances called for the meeting which is the
subject of this report. The participants (se¢ Armmex 1) pald particular attention
to the production of animals free of infectiom, use of vacelnes, elimination of
infection from infected herds and on improved slaughter hygiene.

The meeting was opened in the name of the Reglon of Umbria and the
Munleipality of Orvieto by Professor Casasole and Dr Pacioni. They welcomed the
reprecentatives of internatiomal organizations and the participants and
emphasized the great importance of collaboration among the consumers, local
authorities and farmers in salmonellosis control.

Professor A. Mantovani greeted the participants on behalf of the Italian
Govermment, and the WHO Collaborating Centre for Research and Training in
Veterinary Public Health, Institute Superiore di Sanitd, Reme.

Dr K. Bdgel expressed gratitude for the suppert and cooperation received
from the Umbria Region and the Municipality of Orvieto. He conveyed greetings
and good wishes for a successful meeting from Dr H. Nakajima, Director-General of
the World Health Organization, and officially opened the meeting on his behalf.

Professor A. Mantovanl was elected Chairman and Professor B. Smith ‘
Viee-Chairman; Dr §. Wray agreed to act as Rapporteur. The meeting started with
a tribute to the late Dr R. 0lds who had centributed te the programme as Offlcer

in the Food and Agriculture Qrganization of the United Natioms. e
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1. GENERAL ASPECTS

The number of human cases of salmonellosls has increased markedly in recenpt
years in many countries, in some, the number of cases is increasing anmually by
more than 30%. The true incidence of human salmonellesis is, however, probably
much higher than the reported figures because not all cases of diarrhoeal dizease
are investigated bactarielogically. Comparison of data from different countries
1s difficult because of the variety of surveillance systems in operation.

In recent years, 5. enteritidis has become a major human pathogen in a
number of countrles and eggs appear to be an important vehicle of infection.

Poultry and poultry products appear to be the commonest caise of human
salmonellosis, although eating habits such as the consumption of raw red meat may
be impertant in some countries. Some outbreaks of salmenellosis, such as those
caused by contaminated milk can be extensive and affect whole communities.

Changing practi¢es Iin farm management have been asszoclated with an increased
incidence of salmonellosis in animals. The rearing of animals in intensive
livestack production systems facilitates the spread of pathogenic organisms
ineluding salmonella. The econemie production of anlmals may also require cheap
sources of dietary protein, which are frequently contaminated with salmonells.
The disposal of manure and effluents from these productien systems creates
difficulries and often results in environmental contamination. Many preduation
units rely on the use of antimjcrobial agents, not only for the treatment of
Infection but alse for growth promotion and the prevention of disease. As a
consequence, some bacteria in livestock are becoming increasingly resistant to
antimicrobial agents. These resistant bacteria may also affect the human
population and create public health problems. In particular, systemic invasion
of pathogenic bacterla, sueh as salmonella are becoming increasingly difficulc to
treat. The presence of symptomless salmonella carriers may result in the
contamination of many other carcasses during slaughter.

Salmonella contrel requires surveillance systems which:
i) allow the rapid recognition of current trends;

ii) monitoer control programmes; and

1ii) allew & rapid response to emergency situations.

The complex nature of the epidemiology of salmonellosis necessitates
Integrated and multidiseiplinary approach for its control. In addicien,
community participation invelving both the producer and the consumer is
essential, whether at the local or national level. Salmonella outbreaks may also
result from the movement of food or animal products from one country to another
and international technical cooperation is essential to reduce these incidents.

5almonella control in humans requires a reduced incidence in farm animals
and improved hyglene during slaughter to reduce crosg-contamination.

Experience generated in national schemes and results of experimental
zpproaches Indicate that it Is possible to reduce the incidence of infection in
herds and the contamination rate in raw animal products by more than 95%.
Different approaches may increase the effectiveness further.

Since measures Iin animal productien and slaughter hyglene applied to
salmonella affect a wide range of pathogens, it is reasonable to assume that a
reduction of the pathogenic load by a number of factors would reduce foodborne
infactions by 50-70%.
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The cost of hygienle measures for animal production deseribed below is
relatively low, but these measures do require considerable inpur from
survelllance services. In addition, zoo-sanitary codes and measures based on
cloge cooperation between producers, consumers, and pational animal product and
health services, are needed for national control schemes.

In general, lmproved strategies for animal production offer the greatest
potential for effective prevention of the majority of foodborne infections in
humans .

Besides sterilization and pasteurization, the group sees at present no .
better procedure in this respect than the combined measures discusszed in this
repaort,

2. SAIMONELLA- AND PATHOGEN-FREE POULTRY AND LIVESTQCK PRODUCTION

2.1 Zalmonella-free rearing of anlmals

Meat from domestic animals, and eggs, play a very important role in the
epidemiclogy of human salmemellesis. Salmonella in poultry still remains the
predominant source of human salmonellesis in most countries. Pork plays an
important rele in some countries, whereas beef and mutton are only of minor ..
importance,

The predeminant serotypes in man in many countries are S. typhimurium and
5. enteritidis, Although these are not usuaglly found in animal feeds, in some
countries §, typhimurium has been shown to be foodbornme, and this serotype has
also been detected in environmental sources,

With the exception of §. typhimurium and 3. enteritidis the predominant
serotypes in pigs and poultry originate from the feed. The serotypes vary from
country teo country depending upon their prevalence in imported feeds and in
particular the use and the source of meat, bonemeal and fiszhmeal.

2.2 Pathogen-free ralsing of animals

2.2.1 Pips, The raising of speecific pathogen-free (SPF) herds has been
introduced, not to protect the consumer but to reduce or eliminate the incidence
of certain animal diseases causing serious economic lozses to the farmer. The
SPF system for pigs 1s aimed at six well-defined contagious diseases affecting
particularly the respiratory traets of the animal and infestation with mange.
mites and lice, but it does not cover zoonotic diseases in pigs  The prevalence
of salmonella carriers among pigs coming from SPF herds iz usvally nearly as high
as for plgs coming from conventional farms. An SPF system does, however, offer a
possibility to minimisze the prevalence of salmonellae provided that some simple
hygienic measures are employed and that the feed is guaranteed to be
salmonella-freea,

Clinical salmonellosis in pigs is uncommon and the prevalence of healthy
salmonella carriers among pigs varies from country to country and is related, for
example, to its incidence in the feed,

2.2.2 Poultry. The SPF system in poultry should alse {include salmonellae
other than 5. pullorum/gallinayrum. Infection of poultry floeks with

5. typhimurium may cause great loases in the first 1-2 weeks in the 1life of ;
chickens. Chickens which survive become excreters and may remain so for the rest
of their short llves. Broilers raised according to the 5PF principle are free of
clinical salmonellosis but the flecks may harbour and excrete zoonotic serotypes
of salmonellae.
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The approach te elimingte salmenellae in poultry differs according to the
serotypes involved, each having its own epidemlological pattern, The serctypes
of the invasive kind, e.g. 8. enteritidis, 5. typhimurium, establizh themgelves
in the ovary or coviduct, and ave transmitted vertically in the poultry farming
system.

Elimination of the invasive serotypes has to be attacked from the very
beginning of the peultry raising programme, starting with the grandparent flocks
and apprepriate preventive measures have to be taken in all the subsequent steps
of raising parent floeks, layer flocks and broiler flocks, A comprehensive
description was provided in the report of the WHO Consultation on Epidemiologlcal
Emergency in Poultry and Egg Salmonellosis, Geneva, 1989,

Exotle serotypes are to a large extent feed-borne Inm poultry, but their
presence in final dressed poultry may have other sources such as the
slaughterhouse. The presence of zalmonellae in compounded feed is dealt with
sepatately (see 2.2.4),

2.2.3 Campylobacteriesis in_poultry. Poultry are considered to be one of

the most important sources of campylobacteriasis in man. If campylobacter is
present in a floeck, 100% of the birds will harbour the organism in the intestinsl
tract. HNot all flocks will excrete campylobacter but the geographical
distribution of campylobacter spec¢les in poultry flocks in different countries is
not fully known, Investigatiens In Sweden on the possibility of eliminating
bacteria from egge used for hatching, supported by some simple preventive
measures on the farm, e.g. (1) provision of an ante-room in each poultry house to
exelude envirommental sources of recontamination of the fleeks, (2) the SPF
system Iin the raising of poultry, seem to offer good posgibilities for the
eliminetion of campylobacter infection from peultry., The presence of
campylobacter in poultry causes no leoss at the production level so that farmers
have to be motivated to eradicate the bacteria in order to protect human health.

2.2.4 Prevention or elimination of salwonella in feeds . Compound
feadstuffs play an important role in the transmission of certain salmonella
gerotypes in the food chain. The most Important source of salmonella in compound
feeds is meat and bone meal, fishmeal and vegetable feeds in oil cakes which are
subjeected to oll or fat extraction procedures, e.g., cotton cake and soya-bean
meal,

The current technelogy for pelleting feed produces feed which 1s convenlent
for feeding to animals but does net eliminate salmonellae oxr other zoonotle
agents. Feeds may be made salmonella-free by improving procedures for
pelletization, by addition of organic aclds or by lrradiation. However, the
pelleting process itself offers numerous possibilities for recontamination of the
final product, especially with salmonellae, through fat coating the equipment.

Pelletization will produce salmonella-free feed provided that striet hyglene
at the feed compounder premises is menitored regularly throughout the working
day, in particular the temperature of the Cascade mixers and pellets coming cut
of the pelleting matrix, and the prevention of recontamination after heat
treatment.,

In general, feed compounders do not seem to be well informed of the need for
good manufacturing practices (GMP) as far as hygiene is concerned. "Good hygiene
practices™ need to be elaborated for the production of compounded feeds and the
construction of equipment which offers better possiblilities of securing a
salmonella-£free product,
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The addition of organic acids such as propionic acid and formic acid at the
level of 2.3% may add to the security and may also have an effect on the presence
of salmonells in the intestinal tract of the animals. The addition of 1.2% of
organic acld may protect the feed against recontamination and subsequent growth
of salmonellae after the delivery of the feed from the compounders.

3. METHODS FOR. THE DETECTION AND CONTROL OF SAIMONELIA INFECTION IN ANIMAZS

3.1 Methods of detection

Bactericlogleal eulturing is still the most widely applied detection
technique. Alternarive sensitive immunological detection assays (e.g. ELISA) are
becoming increasingly avallable. In the foreseeable future DNA technlques may
also become more important,

3.1.1. Cultural techniques, A& very wide range of techniques for the
iselation of salmonella has been published. Many have been developed for special
situations or even specific serotypes. When bacteriological culturing is used
for detection and control purposes examinatjous should be carried out in :
accordance with the Internaticnal Standards Organization (ISQ) standard 6575 or
equivalent recognized methodology.

The 150 standard is net specific for certain serotypes but detects a wide
range of salmonella serotypes. However, large-scale testing is time consuming,
labour intensive and therefore expensive. The advantage of the methed is that it
iz standardized and can be easily applied even in laboratories with limited
facilities,

3.1.2, Immunolosical tests, Immunelogical tests can be applied for testing
of serum, milk, egg yolk, etc. for the presence of either antigens or
antibodies. However, antigen detection techniques are often serotype-specific,
have limited sensitivity, and therefore limited application in large-scale
screening,

Antibedy detection using sensitive immunological techniques can be designed
as serotype speclfic, group specifie or even general salwmonella specific test
methods, The presence of antibodies does not in itself prove current infecrion:
a positive result only Indicates either previous exposure or, in the case of very
young animals, previous exposure of the parents. Where antibody techniques are
wsed as a screening method for the detection of infected herds or flocks, a
posltive antibody response must be confirmed subsequently by cultural techniques.

When a negative serological result is obtained care must be exercised in
Interpreting such results as evidence of the absence of current Infection.
Sequential antibody sereening may overcome some of these preblems. Care must
also be exerciged in the interpretation of the result of serclogical gereening
vhen vacelnstlion is practigsed., Hoewever, systems can be developed to distinguish
between wvaccination and natural Infection, When salmonella infection is limited
to Intestinal colenization, it is unlikely that current antibedy detectien
techniques can be applied. '

3.1.3 DA _techniques.  The DNA technology 1s developing rapidly and soma.
products for detection of salmonella are already commercially available. ;
However, experience with thege products is too limited to allow a comprehensive
evaluation of their use. Initial work has indicated that such technology may
well have an impertant role in the detection of infected animals and potentially
for rapid and specific secreening of a large number of samples.
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Further research iz needed on immunological detection methods and DNA
technology with particular reference to their application for large-zcale
screening purpozes and the detection of infected herds and flocks.

3.1.4 A g detection technigque for cam ter. Bacterial
culture according to the I50 standard method 6575 iz at present the most reliable
technique te detect campylobacter. However, this is not as widely applied as in
salmonella atudiex, As Indicated above, for salmonella it is further recommended
that research on lmmunelogical methods and DNA techniques for campylobacter is
intensified.

3.2 pApplication of methods

Selection of the appropriate type and guantity of samples to be examined and
the frequency of sampling are critical to the efficiency of any screening
technique, For example, while rectal swabs are convenlent and may be acceptable
in cattle and pigs, clescal swabs in poultry are not considered satisfactory, but
faeces samplez are acceptable for salmonella deteetion, For the detection of
campylobactex jn poultry, the preferred sample is £resh c¢loacal dropping. Faecal
excretion of salmenella is Intermittent, and the frequency of sampling is,
therefore, important. Moreover, a herd or fleock may be infected with more than
one serotype of salmonella and the sensitivity of the sereening technique 1s
dependent on the number of =zamples cultured individually.

In the design of any routine screening method for the detection of infectad
herds or flocks proper attention should be given fa the principles of the Hazard
Analysis Critieal Control Point (HACCP) concept.l

3.3 Control strategies

3.3.1. Prioxicies for control strategies in food animalg. It is recommended
that prioritlies in the detection and control of sgalmonells in Infected food
animals must be given to: (a) poultry production including both eggs and poultry
meat; (b) the production of milk,

3.3.2, Coptroel in poultry. This area of control was considered in the WHO
Conzultatien on Epldemiological Emergency in Poultry and Egg Salmonellosis
(Geneva, March 1989), and is summarized below.

With regard to poultry, control strategies are urgently required te
eliminate salmenella types which can be transmitted vertically in the breeding
sector in order te ensure the supply of clean unenforced stock te the production
level. A strategy is also needed for commercial preduction flocks to ensure
continuing freedom from infection.

Control strategies require active and continucus bactericloglcal monitoring
of breeding flocks and hatcheries in order to establish the salmonella-free
status. The hatchery is one of the major cricical control peints in poultry
production. The frequewcy of bactericlogical monitoring will ba determined by
the epidemiological characteristles of the serotypes invelved and the histery of
Infectlion of such serotypes in the breeding population. One of the major
advantages of bacterial monitoring in a hatchery (where the samples of cholce are
meconium, dead in shell, or culled chicks) is that the monitoring not eonly
indicates the astatus of the parent flock but, at the same time, that of the

progeny.
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Sampling for bacteriolegical monitering must have a sound statistieal base.
For example, a commonly used statistical sample is one designed to give a 95%
probability of detecting one lnfected animal within a herd or flock given that
the prevalence of infection in that flock is at the 5% level. This statistical
sample procedure requires a maximum of 60 samples selected at random from any one
population.

When bactericlogical monitoring of herds or flecks is carried out and a
positive result is obtained it is esgential that further investigations are
carried out within the herd or flock to identify the animals currently infected.
In poultry these further investigations should include bacteriological
examlnation of tissues from bixds (such as oviduct, ovary, liver and
intestines). All these additienal investigations and sampling should also be
carried outf using statistical sampling procedures.

At present, when invasive galmonella such as 5. enteritidis or
8. typhimurium are confirmed in a poultry breeding flock (either grandparent or
parent), slaughter, removal of the flock and destruction of any existing hatching
eggs from those flocks, are necessary, -

Appropriate measures should also be taken immediately to ensure that the
risk to man frem the products of these flocks is minimized (e.g. appropriate heat
treatment - for example pasteurization of egg products and precautienary
procedures at the slaughter houge).

When salmonella infection is detected in a broiler flock, the use of
antimicrobial treatment as a technique has been practised to minimize the risk to
human health. While such treatment may be effective in relation to the products
from that individual flock, it is considerved that widespread or continuous
appliecation of such treatments as a routine procedure will present problems in
the development of antimicrobial resistant strains and a consequent public health
concern. Antimicrobizal treatment in this area is, therefore, net recommended.

3.3.3 Control of salmonella in k. On farms where milk is produced a
contral strategy including routine regular bacteriological menitoring of both
animals and milk should be carrled out,

When infection is confirmed, the milk from infected animals should be heat
treated before supply to other animals on the premises. Heat treatmept should be
continued until such time as it can be established that infection iz no longer
present in the herd.

3.3.4 Geneyal . In all strategies every effort should be made to determine
the source of Infection in order to aveid microbial resistance. Strategles in
relation to campylobacter are not propesed at this time, but more research is
recommended for developwent of contxel strategies similar to those for
salmonalla.

Teant leaders from the WHO working proup on salmonella Immunizatien in
animals met prior te the consultation to report on developments in their
respective field. A summary of that meeting report will be found in Annex 2.
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4, SAIMONELLA VACCINES

In the United Kingdom a number of groups have been Investigating the use of
both killed and liwve vaccines to contrel 5. entericidis infaetion in poulrry,
Several thousand doses of aromatic deficlent auxetrophic living 5. dublin and
5. typhimurium have been used parenterally in the United States. The effect of
vaccination looks promising in fleld trials. The major problem encountered has
been interference with vaccinatlon from antimierobial use by farmers.

In the German Democratic Republic the natlernwide contrel programme against
salmonella infections, including widespread application (i.e. complete
vaccination in territories and production chains) of the live zalmonella vacclnes
against 5. dublin, 5. typhimurium and §, c¢holepaesuis, has resulted in a decrease
of about 80% of the officially confirmed outhreaks of salmonelleosis since 1980,
The total number of salmonella iselations Iin the Veterinary Investigation Centres
and especially the bacterioleogical findings of salmenellae during meat inspection
in this period were reduced by an average of 30-30%.

Apart from zoo-sanitary and organizational procedures, immunization with
live §. typhimurium vaceine is currently being investigated in the GDR as & means
of control of 5, enteritidiz, Chickens (including goslings, turkey poults) are
Immunized orally via drinking water three times in the first 12-14 weeks of
1ife. Preliminary results have shown protection against 5. typhimurium and
cross-protection agalnst 5. enteritidis,

Double vaccination of breeder goose and duck flecks (shortly before the
laying period) is slse belng practised.

Preliminary results of oral vaccination of young poultry flocks are
encouraging. Further epidemiological monitoring and widespread application,
combined with other sanitary procedures, sre necessary,

4.1 BSalwonella virulence

Attention has been paid to the development of avirulent strains of
salmonella, because of the cumulative evidence that live attenuated strainz of
salmonella are more effective than killed or subunit vaccines in inducing a
protective immune response against infection by different specles of salmonella
in humans and animals.

Modern technologles such as transposon-insertion mutagenesis permit the
construction of many kinds of salmonella mutants ixrespective of the fact that
their virulence-related chavacters are determined by plasmids, prophages or by
chromosomal genes. Some mutants cannot survive within the macrophages but can
confer protective immunity on host organisms.

Salmonella mutants may be useful, not omly for better understanding of

intracellular parasitism but alse as vaccine candidates, Mutants are also needed
for research and cellaborative studies on salmenella virulence.

4.2 Improved serologicsl dlagnosis tests

One of the greatest ohstacles in salmonella contrel has been the lack of a
serclogical test te detect latent carriers.
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The ELISA test developed by Smith et al at Davis, Galiforpia, USA, for the
serological diagnosis of 5, dublin in dailry cattle has been found to be more
apprepriate than culture for the detection of ’latent’ carriers (see Anmex 2).
The test can also be used for milk samples. ELISA can be automated and many
samples can be rapidly amalysed.

In the United Kingdom, ELISA tests are being developed for the gerological
diagnosis of 5. enteritidis infection in poultry. ELISA tests are alse being
developed for the detection of antibody In egg yolk and the test is being
evaluated for detection of carriers in Infected flocks,

5. RESEARCH ON NEW SLAUGHTER TECHNOLOGIES TQ REDUCE CROSS-CONTAMINATION

The overall quality of meat and edible by-products depends heavily on its
microbiological quality. This iz very dependent on the contamitation level of
the production equipment, as well as on the skin and intestinal microflora of
animals and the technology and techniques used in slaughtering and processing.

The microflora of the skin is divided between (1) the "transient” fleora
dependent on handling hygiene and environmental conditiens, and (2) the resident
mieroflora consisting of microorganisms which are more or less constantly
pregent,

In ganeral, pathogenic bacteria on slaughtered animals are either part of
the indigenous microflora of the animal, or the result of propagation on
equipment, with subsequent cross-contamination,

The faecal microflora of animals for slaughter is by far the predominant
source of pathogens present on the final dressed carcass. The pharyngeal
microflora Is another very important source. More than 20 species of bacteria,
pathegenic to man and originating in phatynx of carcasses, can easily be listed.

Cross-contamination with pathogenic bacteria during slaughter is much less
proncunced with carcasses of beef and sheep than with pork and poultry carcasses,

Speilage bacteria on dressed carcasses will not he of human origin, but due
to cresg-contamination from envixommental sources, e.g. contact with surfaces
such as tables and tools. L

Modern slaughter lines offer many risks of cross-contamination. Mamy risks
could be ¢liminated by application of known techniques or the development or
modification of techniques which are possible or at least manageable. ‘

In addition to consumer expectations of nutritional and organoleptie
properties, hygiene and "safety" have become important aspects of meat quality.

A system to ensure quality and safety must be designed for the entire chain
of operations from the farm to the consumer. This includes transport of animals,
holding the snimals before slaughter, slaughtering of pigs, cattle, sheep, goats
and poultry, and the unit operations in slaughtering, butchering, and processing.

Quality assurance means that potential microbiological problems are
identified and control measures taken at all stages of the entire meat production
chain. |
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Different types of mieroorganisms have to be taken inte account in the
identification of risks. Hazards may differ from country to country and vary
with animal health, slaughter procedures, the types of meat products and the
syetem of astorage and distribution.

Taking the above into account, this evaluation deals mainly with three areas
of activity: slaughter processes, monltoring key parameters and disinfection of
tools and equipment.

A clear objective of the slaughter process is to produce meat from the
carcass in such a way that the transfer of materizl and bacteria frem the unclean
parts of the live animal ente the final carcass is aveided.

The unclean parts of the animal are the outer surfaces of the live animal
{skin or feathers) and the contents of the alimentary tract. Animals suffering
from certain diseases may also contribute te microbial contamination.

Improved hygienic procedures at all stagesz of production and processing are
an urgent priority to reduce the occurrence on carcasses and meat products of

pathogenic microorganisms, e.g. Salmonella spp, Campylcbacter jejuni, Listeria
monocytogenes, Yersina entervocolitica and Staphylogoggus aureus.

Slaughterline equipment plays a very important role in cross-contamination.
Most spoilage bacteria propagate readily in the environment present in the
slaughterhouse and constitute a constant, mever-falling source of contamination
of both carcass and organs.

Crogg-contamination of carcasses with biological aerxosels alse play a role,
e.p. high-pressure cleaning during processing leads to formation of aerosels,
which ecarry comtemination te meat surfaces.

The role of dlsinfection of toels and equipment in prevention of
erogs-contamination is extremely important. Disinfectien should involve twe
steps, namely - eleaning and then disinfection itself. These prﬂceduiss are
defined in the Guidelines on Prevention and Control of Salmonellosis.

Some of the slaughter technologies, including those under development, may
not decrease, but even carry increased risks of cresc-contamination. Therefore,
further resgearch for improved procedures for decontamination of tools and
equipment is Ilmportant.

Improvements in the design and construction of slaughter equipment can make
cleaning and disinfection easier and more effective. At present, machines and
equipment are not always easy to clean and dieinfeer, e.g. pelishing machine for
pigs, evisceration machine for poultry, plucking machine, etc. Therefoxe,
engineering and design of new slaughter equipment should take Iinte account
aspects of cleaning and disinfection,

Since the human factor has much influence on the effectiveness of cleaning
and disinfection it is necessary to mechanize and automate the ¢leaning and
disinfection procedures. Autemated procedures would also permit more fraquent
cleaning and in a more standardized manner,

Disinfection of equipment and tools with hot water (82°C) iz less effective
than generally believed because protein denatures and the time elapsed is often
too short to sanicize effeectively, Although this temperature will kill mest
non-spore forming pathogenic and spoilage bacteria, bacteria are protected by
organic matter and thus the effect of the disinfection is significantly
diminished. More efficient disinfection methods are needed. Cleaning before
disinfection with water at 60°C is necessary.
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The listr of chemicals used for cleaning and disinfection is long and varies
from country to country. Further researeh i necessayy on the most effective use
of chemicals, as well as to develop more effective compounds.

The long-term solution is to design equipment that can be effectively
"eleaned in place",

Due to the differences in slaughter technology, a distinction will be
necessary between slgughter lines for pigs, cattle and poultry with respect to
critical points of cleaning and disinfection,

Long-term research and its potentials for reduction of cross-contamination
during the slaughter proceszses were described at a WHO Consultation held in -
Roskilde in February 1990. The initiative of WHO to form international teams for
research on equipment, disinfection and menitoring during slaughter processes was
endoersed.

3.1 Decontapination

Decontamination of carcasses (chemical or physical or a combination) and
other methods for improving slaughter technology and hygiene, offers good
prospects for the prevention of transmission of dizease-causing microorganisms
from animal to man., Chlorines, organic acids and alkalines in combination with
chlorination may net lead to total elimination of the rathogens but marked
reductions in microbial numbers (100-1000 fold or higher) can be obtained by
these methods applied singly or in combination.

Decontamination procedures have been widely applied in poultry slaughter.
Based on practical experience, the following procedures are recommended:

(a) Chlorine in the chill systems at 10-50ppm, Higher levels may result in
objectionable environmental conditions.

(b) Alkalising of scald tank waters to pH9 reduces the D52°C of salmomellae
from 35 minutes to 1.3 minutes.

(¢) Treatment of carcasses with 1.2% lactic acid at pH 2.0 before chilling
(air chilling) reduces enterobacteriaceae counts.

A combination of alkaline and chlorine treatment decreasges the salmonella
count te & "zero level® in poultry carcasses.

6. INTERNATIONAL TECHNICAL COOPERATTON

Many factors contribute to the increasing need for strengthened food hygiene
programmes. However, the complexity of these factors and their interactions have
multiplied te such an extent that it iz almost impossible to design & generally
valid system,

The control of a single zoonosis such as salmonellosis may fail or be
hempered hecause many countries lack the resources to cope with all the
components of the disease and te control the many factors involved From growth or
production of primary food supplies to gathering, processing, transport, storage
and distribution. Therefore, an intersectoral approsch, international
ecovoperation, and technical support become indispensable.
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€.1 The role of inte A anizations
6.1.1 Food and Agriculture Organization of the United Nations (FAQ). FAD's

major functiom ls to ensure the global provision of foed of adequate quantity and
quality. Different disciplines and services and divisions are lnvelved in
ensuring food safety from its production to its consumption.

6.1.2 Internatiopal Office of Epizootics (OIE). The primary responsibilicy
OIE is exchange of information about animal health between countxles and the
adoption of the International Zoo-sanitary Code,

6.1.3 United Natlens Epviretment Programme (UNEP). This organization iz
invelved in activities for prevention of food shortage and food contamination.

6.1.4 World Healt zation (WHO). WHO fosters a wide range of research
activities, as described in this report. Comprehensive approaches aleng the food
chain, education and training, and harmonization of legislation are areas dealt
with jointly with FAQ. Animal production hygiene, including slaughter
technologies and the whole complex of food safety, e.g. processing industries,
the retall trade and final food preparation, including censumer education,
recelve WHO's atrention, The Organization provides advice on various aspects of
food hygiens and publishes many documents on interxsectoral and interprofessional
cooperation,

VBO/FAQ Collaboraring Centres. These centres provide education and

training, reference services, consultatlion, expertise, exchange of information,
eho,

10 zional and sub-re v ntres., These are the Pan Amerlcan
Zoonoges Genter (Buenos Aires, Argentina) and the Mediterranean Zoomoses Centre
in Athens, Greece, Their main objectives are: coordination of surveillance and
control of zoonoses and foodborne diseases; collaboration in elabeoration and
implementation of national programmes; preparatien of teaching material;
establishment of panels of experts; cooperation with international organizations,
especlally with WHO/HQ (Veterinary Public Health) and 1ts Reglonal Offices for
the Americas (AMRO), for Euvope (EURO) and for the Eastern Mediterramean (EMRO),
FAO, the United Natlons Development Programme (UNDP), UNEP, OIE and other
governmental and nongovernmental institutions.

6.1.5 Other organizations and institutions. These include:

- World Veterinary Association; and
- World Association of Veterinary Food Hygienists,

7. CONCLUSIONS AND RECOMMENDATTONS

7.1 Conglusions

7.1.1 Salmonella-free feed may be produced with strict hyglene at feed
compounders' premises, including the malntenanece of the required temperatures in
the varieug phases of pelletizing processes and the aveidance of recontamination
of the pellets.

7.1.2 Animal husbandry systems designed for rearing pathogen-free animals may
require transition towards confinement from extensive free-range hughandry
systems.
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7.1.3 Since many measures for salmonella control apply to other feedborne
pathogens, such as campylobacters, they may reduce the risk of infection by these
organisms. However, further research is urgently needed on the elimination of
campylobacter species from animals, since this infection is one of the most
frequent causes of acute enteritis in humans in many countries,

7.1.4 Imminization of young animals with living auxotrophic Salmonella
vacelnes under controlled conditions ecan significantly reduce the number of
inferted animals and faecal shedding of virulent salmonells. Vaceination of
laying hens as young chicks shows great promise in reducing the number of
contaminated and infected eggs. Vaceine strains can be readily differentiated
from field strains.

7.1.5 4 combination of strict sanitation and immunizarion with live vaccine
reduced outbreaks of salmonellosis in livestock to 20% of the former levels
between 1980 and 1988 in the GDR. The total number of isolations at slaughter
were reduced to 33% of the former levels in calves and to 48% in pigs. In many
cases salwmenella serotypes important for man and/or animals wers sucbessfully
eliminated from herds or flocks, .

7.1.86 The identification of active and latent carriers for removal is
pessible through use of enzyme linked immunosorbent assay (ELIS5A) which deteots
persistently elevated serum antibody levels for §. dublin in cattle. Milk
antibody levels can be used for initial screening for 5. dublin carriers in dairy
cattle. Latent carriers (not shedding salmonella in faeces or in milk) usually
occur with host-adapted serotypes and can enly be detected by serology.

7.1.7 Immunization and removal of carriers must be accompanied by
environmental decontamination and applicatien of sanitary measures,

7.1.8 Reintroduction of carrxier cattle must be prevented. New livestock .
should be tested by faecal culture and serology for persistently elevated
salmonella antibody levels before introduction inte a herd.

7.1.9 Contlnuous epidemiological monitoring and surveillance is esgential to
identify infected herds/flocks and to evaluate the leng-term efficacy ¢f the-
above control steps.

7.1.10 Further studies are needed regarding the fundamental mechapnisms of
salmonella virulence and immunity. The antigens responsible for eliciting
protective immunity must be defined; the ideal Immunizing agent may be an
inactivated sub-unit vaccine.

7.1.11 Although it appears unlikely that the measures available today will
result in the complete elimination of salmenella infection in livestock in the
near future, the combination of various interventions along the food chain will
markedly reduce the occurrence of salmonella and thus the incidence of human
infection. The impact of various measures taken in animal production are
summarized in Table 1.

7.2 Recommendatiops

7.2.1 Presently avajilable animal health schemes should be carefully appraised
for identification, pretection, and maintenance of salmonella-free animal :
husbandry.
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Specific pathogen-free (SPF) systems sheuld be applied to establish
salmonella-free swine and poultry productiem. Repopulation with SPF animals can
contribute to development of salmonella-free herds and flocks as a basis of
salmonella-free livestock production and salmonellosis contrel.

Other alternative wetheds, such as celostrum-deprived, iselated animal
rearing systems and related technologies are also recommended in order to atiain
salmonella-free animal husbandry.

7.2.2 Since raw materials and feedstuffs play an important role in the
epidemiology of salmonella infectiom in agricultural anitials, it is recemmended
that WHO, FAD, UNEP and OIE elaborate international requirements (guldelines) for
hygienic production of feedstuffs, their sterage, tranzportation and
microbiological contrel.

7.2.3 All feed for poultry should be pelletized, using hygienic procedures
and adequate temperatures.

7.2.4 To prevent the re-introduction of salmomella in herds and flecks
requirements should be specified for physical preteetion, disinfection and
nen-speclfic messures suech asz competitivi exclusion {(the Nurmi concept - see
Annex IV of document WHO/CDS/VPH/89.82)," the use of probieties, acidification
of feed, addition of sand to chicken feed, and use of lactose and other sugars.

7.2.5 The economie and social costs of raising salmonella-free animals should
be estimated more accurately.

7.2.6 The existing requirements for hygienic slaughter of animals, reflected
in the documents of the Codex Alimentarius Commission (GHP for fresh meat,
processing meat and poultry) will not lead te total elimination of salmenella in
the final preduct and/or fully preclude a cross-contamination of carcasses.
Proposals should therefore be elaborated for mew hygienic requirements and
regulations,

7.2.7 In addition to the requirements existing in the GMP marked reduction in
the number of viable micrcorganisms can be achieved in poultry by the following
procedures;

- chlorine in the chill systems at 10-50 ppm. Higher levels may result
in objectionable envirenmental conditions;

- alkalising of scald tank waters to pHY can reduce the D52°C of
gsalmonellae from 35 minutes to 1.3 minutes;

- treatment of carcasses with 1.2% lactic acid at pH 2.0 before chilling
{alr chilling) reduces entercbacteriaceae counts.

National authorities are urged to investigate the effects of alksline
treatment in combination with chlorination which wasz reported to decreage counts
of vegetative forms of pathogenic organisms to zero level.

7.2.8 Future research ls needed to develep rapid methods suitable for early
detection of salmonella on-line, as well as new technolegiecal approaches to
minimize ctoss-comtamination of carcasses (e.g. during aviseeration of animals,
scalding, plucking and chlilling of poultry, etc.).
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7.2.9 FAQ and WHO should elaborate internaticnal guidelines on eleaning and
disinfectien (including heat and steam treatment) for slaughterhouses and meat
processing plants to harmonise the knowledge and experience in different
countries. These guldelines might include both general and specific aspects,
e.g. the frequency of ¢leaning and disinfection, recommendations on the best
disinfectants, control of disinfection efficiency, ete.

7.2.10 Slaughter of animals from farms identified as salmonellosis-free should
be carried out separately in space and time from other animals. Care should be
taken that the separatlon applies along the whole production and slaughter line,
This requires certification of origin and former status as well as identification
of animalg along the slaughter processes.

71.2.11 Rational authorities and industries are recommended to support research
as specified by the WHO Consultation on Research on New Slaughtsr Technologles to
Reduce Cross-Contamination, February 1990 in Roskilde, Denmarlk,

7.2.12 Systems and procedures should be investigated for licensing hygienic
aspects of slaughterhouse equipment, including automatic machinery.

7.2.13 WHO zhould gather a group of experts to elabarate harmonigzed procedures
of specimen colleection, certifiecation, laboratery tests and reporting. This may
preferably be done in conjunction with the establishment of Zoo-sanitary
requirements (OIE), and requirements for trade with raw foed of animal origin

(Codex Alimentarius),
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TABLE 1. Reduction of Salmonella Incidence and Contamination Raﬁ?s
in Aninal Production by Presently Available Frocedures 1}
Poultry Pigs Cattle Sheep
broilers eggs
95%, »93%, 95%, 20%,
Breeding 5-10 years 2-3 years 5-10 years | countryw.
count:rywlde countryw. COUNntryw.
Control 95%, 95%, Carrier 5
(test and 5-10 years 2-3 years control(?)
slaughter) Countryw, Countyyw.
Vaccinelogy 100%, 20%, 66%,
(2-2 sero- 1 year countryw. COUntryw. ,
types only?} per farm > 5 years > 5
yocars
2 years
per district
{in humans)
Slaughter 100%
99%
immediate
1) Exprezsed by pereent reductlon.
2} Control in feedstuff only.
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ANNEX 2

SUMMARY OF REPORT OF THE WHO WORKING GROUP MEETING ON SAILMONELLOQSIS
IMMUNIZATION IN ANIMALS, Orvieto, Italy, & April 1990,

The heads of the working groups met to review the work completed and to plan
further collaborative studies. Plans were also made for the next scientific
meeting on Salmonellosis Control in Agriculture,te take place in Jena, German
Demacratie Republic, June 1991.

1. Salmonella virulence and basic mechanisms of jmmunity to Salmonella

Uzing transposon-insertion mutagenesis, two genetic regions for serum
resistance and mouse lethalicy had been Identified in an 80kb virulence plasmid
of §. dublin, The plasmid gene for serum resistance was found to be closely
involved with the expression of the neutral sugar composition of the 5. dublin
lipopelysaccharide. A strain of §. dublin with both serum resistance and mouse
lethality genes inactivated by transposon mutagenesis that shows reduced
virulence may be an appropriate live candidate vaccine.

Epidemiological investigations on pathogenicity facters In salmonella had
been undertsken and mannose-resistant fimbriae had been detected in 10 and 20% of
strains isolated from swine and cattle respectively.

2. Improved serplopical diagnostic tests

The ELISA test, developed at Davis, USA, for the serologleal dlagnesis of
§. dublin in dairy cattle has been found to be mere appropriate for the detection
of ‘latent’ carriers than culrure. The test can also be used for milk samples
and automation will allew the rapid analysis of many samples, Members of the
team at Davis, USA, will viseit Jena in late 1990 to oversee the test evaluation
and the Jena team and WHO will organize a training course in June 1991.

In the United Kingdom, ELISA tests are being develeped for the serological
diagnosis of 5. enteritidis infection in poultry. ELISA tests are alsc being
develeoped for the detection of antibedy in egg yolk and it is hoped that this
test could be used to detect infected flocks.

3. Salmonella vaccines

Results of studies with a live aoral auxotrophic vaccine for the contrel of
salmonellosis in poultry were reported. The results had been encouraging and in
one district its use in all young laying birds was associated with a decrease in
the prevalence of human infection, It is currently mandatory te immunize all
young laying birds In the GDR.

In the UK, a number of groups are investigating the use of vaccines to
contrel §, enteritidis infection and at the Central Veterinary Laboratory both
killed and Live vaccines are being evaluated,
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4. Inforpetion exchange

A summary of the groups’ work and pertinent references had been circulated,
It was agreed that an annual raview should be produced by the Central Veterinary
Labeoratery, Weybridge, UK.

5. Surveillance

Bearing in mind that survelllance and epidemiological data are needed to
actively monitox ¢ontrol programmes, it appears essential that:

(i) regulations are produced which ensure the collaboration of the farmer
and reward him for salmonella control, and

(1i) practicez are established which would include worker training and
education proprammes,

*hdkdk




