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Aq. dest. Aqua destillata
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°C °Celsius
CFU Colony forming unit
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dATP deoxy adenosine triphosphate
dCTP deoxy cytosine triphosphate
dGTP deoxy guanosine triphosphate
dNTP deoxy nucleotide triphosphate
dTTP deoxy thymidine triphosphate
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EDTA ethylene diamine tetra acetic acid
et al. et alii
Fig. Figure
g gram
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max. maximum
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RNA ribonucleic acid
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S. Salmonella
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spp. Species
Tab. Table
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1 Introduction

Salmonellosis is one of the most prominent food-borne diseases in humans. Sources

are usually contaminated eggs, poultry meat and pork. Van PELT et al. (2000)

estimated that the costs to society of salmonellosis attributable to the consumption of

pork for the period 1994-1998 in The Netherlands were about 13 million Euro per

year. Therefore it is important to have certified Salmonella free pork productions. This

will help to protect the consumers´ health and will also support the competitiveness of

pork in world meat market. Therefore, most of European governments have

established or will install very soon monitoring programmes to assess the Salmonella

status of the pig herds.

Pigs are often infected with Salmonella spp. without showing any symptoms of

disease, so the farmer is not aware that his pigs are latent carriers of Salmonella. This

increases the risk of cross contamination during transport, in the waiting pen as well as

during the slaughter procedure. In modern pig production and veterinary medicine, the

aim is therefore not only to detect a Salmonella contamination in the meat or resulting

food but to eliminate this pathogen from the whole food chain beginning in the animal

house. Therefore it is crucial to have reliable, fast, and practical detection methods

which are easy to perform at reasonable costs. To determine the actual Salmonella

contamination in pigs, direct methods are available such as conventional Salmonella

isolation and identification (cultural, serological and biochemical) or the polymerase

chain reaction (PCR) technique (van der ZEE and HUIS, 2000). An elegant method

which is easy to perform is the ELISA test looking for Salmonella antibodies in the

juice of meat samples. However, it is presently not yet well understoood which of the

methods is the most appropriate to safely identify contaminated animals and

contaminated meat before it is consumed.

The aim of this study is therefore to prove, if the examination of meat juice samples

from slaughter animals on Salmonella antibodies is a suitable method to identify risk

farms and to recognise possible contamination of the individual animal by Salmonella.
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A safe and fast recognition of Salmonella infected pork minimizes the health risk for

the consumer. For this purpose results of the antibody ELISA carried out on meat juice

samples in the slaughter house were compared with the conventional investigation of

the intestines (jejunum, lymph nodes, tonsils) on Salmonella spp. using PCR

technique. Additionally, blood samples were taken in an animal house with a

presumed low and a high Salmonella incidence and in the surrounding of the animals

from floors, faeces and feed in order to get information on sources or general

contamination levels in the environment of the animals.
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2 Literature review

2.1 Salmonella

2.1.1 Importance and epidemiology

Salmonella has been recovered from the intestines of a wide range of animals

including fish, reptiles, birds, and mammals (COX, 1999; WRAY and SOJKA, 1977).

Excretion with faeces can result in contamination of water, soil, other animals and

feed. Animals are infected by direct nose-to-nose contact or by contact to the faeces of

infected animals or by feedstuff containing contaminated compounds. The main

sources of Salmonellosis in humans are food animals and their products such as raw

eggs, poultry meat and pork (HALD and WEGENER, 1999; STEINBACH and

HARTUNG, 1999; BERENDS et al., 1998; D’ AOUST, 1997; CLARKE and GYLES,

1993). An American study indicates that more than 95% of human salmonellosis are

food-borne. Young, old, pregnant or immune deficient persons, also called the YOPI

group, are particulary at risk (RKI, 2002). Table 2.1 shows the most frequent zoonoses

of human in the European Union in 1997. More than 200,000 cases of salmonellosis

have been registrated. The number of new cases of salmonellosis reported in this area

in 1997 (incidence rate) ranged from 1.8 to 128 infections, with an average of 73 cases

per 100,000 inhabitants (KAESBOHRER, 1999). The large range of incidence rates

indicates that the countries in the EU seem to have problems with Salmonella

periodically.

Table 2.1: Most important food-borne zoonoses in man in the European Union in 1997

 (KAESBOHRER, 1999).

Type of Zoonosis   Cases       Incidence        Range
reported       rate1 (Incidence rate1)

Salmonellosis  205556        73            1.8 - 128
Campylobacteriosis    85753        30 0.3 - 108
Yersiniosis      5683          2            0.3 -   18
1 per 100,000 inhabitants
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Bacterial zoonoses are often connected with outbreaks concerning a large number of

persons. One outbreak with many reported cases will result in a high incidence rate for

this country in that year. Table 2.2 gives a survey of worldwide major food-borne

outbreaks of human salmonellosis in the last 50 years. A considerable diversity of

foods have been implicated in these outbreaks in about 15 different countries. A total

of about 264,279 cases was registered during this time indicating the importance of

this zoonosis. The strongly varying figures from year to year show the accidental

character of the outbreaks. Recently in Denmark, the registered number of human

infections with Salmonella rose from 2,325 in 2000 to 2,915 in 2001, which was an

increase of 25.4% (SANDVANG et al., 2002). Human salmonellosis occurred in New

Zealand at the rate of 49.7 per 100,000 inhabitants in 2001 (BENNETT, et al., 2002).

The incidence of reported cases of Salmonella infections in humans in Norway was

34.2 per 100,000 in 1999 (SANDBERG et al., 2002). An outbreak of Salmonella

Typhimurium DT104 associated with consumption of an imported foodstuff (pistachio

flavoured and one of chocolate flavoured helva) from Turkey was reported recently by

Sweden and Australia in 2000. This type of product has also been found to be positive

for S. Typhimurium in Germany (NEWSLETTER, 2001). BRENNER et al. (2000)

estimate 1.4 million cases of salmonellosis in humans in the United States per year. In

2000, more than 70,000 people were infected with Salmonella in Germany (RKI,

2002).
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Table 2.2: Major food-borne outbreaks of human salmonellosis (modified from COX,
1999).

Year Country Vehicle              Serovar                   Cases

1953 Sweden Pork typhimurium PT8       8845
1964 Scotland Canned corned beef typhi PT34         507
1967 USA Ice cream typhimurium PT2a,     ~1790

 braenderup
1968 Scotland Raw pock typhimurium PT32         472
1973 Canada/USA Chocolate eastbourne  217
1973 Trinidad Milk powder derby  ~3000
1974 USA Potato salad newport  ~3400
1976 Australia Raw milk typhimurium PT9       >500
1976 Spain Egg salad typhimurium  702
1976 USA Cheddar cheese heidelberg  339
1977 Sweden Mustard dressing enteritidis PT4       2865
1981 Netherlands Salad base indiana  ~600
1981 Scotland Raw milk typhimurium PT204         654
1982 England/Wales Chocolate napoli  245
1982 Norway Black pepper oranienburg  126
1984 Canada Cheddar cheese typhimurium PT10       2700
1984 England/Wales Ham virchow  274
1984 France/England Pate´ goldcoast  756
1985 USA Pasteurized milk typhimurium  16284
1987 China Egg drink typhimurium  1113
1987 Norway Chocolate typhimurium  361
1988 Japan Cooked eggs Salmonella spp.  10476
1989 England Cold mears typhimurium PT12         538
1989 England Roast pock typhimurium PT193         206
1989 USA Cantaloupe melon chester  295
1989 USA Mozzarella cheese javiana, oranienburg  164
1990 USA Bread pudding enteritidis  ~1100
1990 USA Turkey meat agona 851
1991 Germany Fruit soup enteritidis  600
1991 USA/Canada Cantaloupe melon poona >400
1991 USA Mexican fajitas heidelberg  673
1993 France Mayonnaise enteritidis  751
1993 Germany Potato chips sainpaul, javiana, >1000

rubislaw
1994 Finland, Sweden Alfalfa sprouts bovismorbificans  492
1994 USA Ice cream enteritidis >200000
1996 Australia Peanut butter mbandaka  >200
1997 Australia Pork rolls typhimurium PT1       >770
1998 USA Toasted oat cereal agona 209

in total >264279



Literature review

14

2.1.2 Taxonomy

The genus Salmonella, within the family Enterobacteriaceae, is comprised of

facultatively anaerobic,  oxidase-negative, catalase-positive Gram-negative rod-shaped

bacteria;  the rods are typically 0.7-1.5x2-5µm in size, although long filaments may be

formed. Most strains are motile and ferment glucose with production of both acid and

gas. Typically, Salmonella are non or slow lactose fermenters with some strains

fermenting it rapidly though; adonitol, sucrose, salicin and 2-ketogluconate are not

fermented; urea is not hydrolysed; tryptophan and phenylalanine not deaminated;

acetoin not produced; hydrogen sulphide (H2S) is produced from thiosulphate; lysine

and ornithin is decarboxylated. Most schemes for the detection of the organism are

based on this properties (GRIMONT et al., 2000).

According to the biochemical reactions and growth conditions of Salmonella shown

above, different selective plating media have been developed. Table 2.3 summerises

the appearance of Salmonella colonies on a variety of the most frequently used agar

nutrient media.

Table 2.3: Appearance of Salmonella on most commonly used selective agars

 (modified from WALTMAN, 2000).

Medium                                                                             Appearance of
Salmonella colonies

Bismuth sulphite agar Black, metallic sheen
Brilliant green agar Red
Brilliant green  sulphapyridine Red
Brilliant green novobiocin Red
Deoxycholate citrate agar Colourless  BC
Gassner Yellow
Hektoen enteric agar Blue-green BC
MacConkey agar Colourless
Rambach agar Crimson with pale borders
Salmonella-Shigella agar Colourless BC
Xylose lysine desoxycholate agar Red BC
Xylose lysine tergitol 4 Red BC
BC, black centre due to H2S production.
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Typically, Salmonella give colourless colonies with black centres on Salmonella-

Shigella (SS) agar; green, black-centred colonies are seen on Hektoen agar; black

colonies with a green background on Xylose lysine tergitol 4 (XLT4) agar; and

colonies are red or fuchsia (crimson with pale borders) on Rambach agar (GRIMONT

et al., 2000). Salmonella grow red with black centres on Xylose lysine desoxycholate

(XLD) agar; giving yellow colonies on Gassner; red colonies on Brilliant green agar

(BGA) (WALTMAN, 2000).

Salmonella can grow within the range 2 to 54°C, although growth below 7°C has

largely been observed only in bacteriological media, not in food, while growth above

48°C is confined to mutants or tempered strains. The optimum temperature for growth

is 37°C. The natural ecology of most Salmonella strains of concern to public health is

the gastrointestinal tract of warm-blooded animals (BRENNER et al., 2000; COX,

1999). The optimum pH for the growth of Salmonella is within a range of 6.5-7.5, in

liquid nutrient media strains can grow at pH values up to 9.5 and down to 4.05. While

growth occurs down to or close to the minimum pH with non-volatile organic acids

such as citric acid or mineral acid such as hydrochloric acid, growth stops at higher pH

values when volatile fatty acids are used. Salmonella grow at aw (water activity) values

between 0.999 and 0.945 in laboratory media, down to 0.93 in foods, with an optimum

of 0.995 (COX, 1999).

Serotyping is used to identify the organism beyond the level of subspecies. The 2,463

serotypes have been described on the basis of somatic (O), flagellar (H), and capsular

(Vi) antigens (CLARKE and GYLES, 1993). According to the Centers for Disease

Control and Prevention (CDC) system, the genus Salmonella contains of two species

(S. enterica and S. bongori), each of which contains multiple serotypes. As shown in

Table 2.4 S. enterica is divided into six subspecies (I, II, IIIa, IIIb, IV, and VI). The

species S. bongori was formerly subspecies V. S. enterica subspecies are differentiated

biochemically and by genomic relatedness. The Table 2.4 shows all Salmonella

species, the subspecies, numbers of serotypes in each subspecies and their usual

habitats.
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Table 2.4: Salmonella species, subspecies, numbers of serotypes in each subspecies,

 and their usual habitats (BRENNER et al., 2000).

 Salmonella species                  No. of serotypes              Usual habitat
and subspecies                      within subspecies

S. enterica subsp. enterica (I)                 1,454                   Warm-blooded animals
 S. enterica subsp. salamae (II)                   489                   Cold-blooded animals
 and the environment
 S. enterica subsp. arizonae (IIIa)                 94                    Cold-blooded animals
 and the environment
 S. enterica subsp. diarizonae (IIIb)           324                    Cold-blooded animals
 and the environment
 S. enterica subsp. houtenae (IV)                 70                    Cold-blooded animals
 and the environment
 S. enterica subsp. indica (VI)                     12                     Cold-blooded animals
 and the environment
 S. bongori (V)                                             20 Cold-blooded animals
 and the environment
 Total 2,463

For veterinary and human research the most important strains belong to S. enterica

subsp. enterica as inhabitants of warm-blooded animals. The Salmonella nomenclature

is complex with scientists using many different systems. In former literature the strain

was described e.g. Salmonella enterica subsp. enterica serovar (ser.) typhimurium. The

CDC designation currently uses a new nomenclature shortening the names to

Salmonella Typhimurium, using a capital first letter and italicising the name of the

serovar (BRENNER et al., 2000).

There are host-adapted and non species-adapted Salmonella serovars. Host-adapted

Salmonella may be considered in groups based on their association with human or

animal host. In Table 2.5 examples for the most important host-adapted Salmonella

serovars are given. One group is characterized by specificity for the human host.

Members of this group are S. Typhi, S. Paratyphi, S. Schottmuelleri, S. Hirschfeldii

(agents of typhoid and paratyphoid fever), and S. Sendai. The second group consists of

organisms that are more or less adapted to specific animal hosts.
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Table 2.5: Examples of host-adapted Salmonella (CLARKE and GYLES, 1993).

Host                                                         Serovars
Human S. Typhi, S. Paratyphi, S. Sendai

 S. Schottmuelleri, S. Hirschfeldii
Cattle S. Dublin
Swine S. Choleraesuis, S. Typhisuis
Poultry S. Pullorum, S. Gallinarum
Sheep S. Abortusovis
Horse S. Abortusequi

Apart from that there are serovars of unadapted Salmonella that cause disease in

humans and a variety of animals. The most important serovars are S. Typhimurium

and S. Enteritidis, which tend to be involved in most cases of disease (CLARKE and

GYLES, 1993).

2.1.3 Pathogenesis of Salmonella infection

The pathology of Salmonella infections is extremely variable. Severity is influenced

by serotype, virulence, natural and acquired host resistance, route and quantity of the

infective dose (REED et al., 1986). Although Salmonella may enter the body through

the pharynx, respiratory tract, or conjunctiva, the bacteria usually gain entrance to the

host by the oral route and are deposited in the intestine, where they invade the

enterocytes (WRAY and SOJKA, 1977).

The basic virulence strategy common to Salmonella is to invade the intestinal mucosa.

Here the gut-associated lymphoid tissue (Peyer’s patches) tries to limit multiplication

of the bacteria. If this defence mechanism is not sufficient enough, Salmonella are

drained from the infected intestinal tissues to the regional lymph nodes, where the

bacteria get contact to macrophages that line the lymphatic sinuses. If the host defence

mechanisms like macrophages located in the draining lymph nodes successfully limit

bacterial expension, the infection remains localized in the intestine and the bacteria are

unable to spread (BÄUMLER et al., 2000). Otherwise, Salmonella can cause

bacteremia. Figure 2.1 shows a scheme of three different ways of Salmonella
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infection; over the oral route, intravenous and intraperitoneal infection. After a

localized infection, the pathogens spread over the body from the gut-associated

lymphoid tissue via the efferent lymphatics and the thoracic duct into the vena cava.

oral infection

passage though stomach
colonization of small intestine

 intraperitoneal                                                                  localized
 infection                                                                       infection

invasion of M-cells and
entry into Payer´s patches

 drainage to
 mediastinal
 lymph node

drainage to mesenteric
lymph node

spread via thoracic duct
into great vein

 intravenous                                                                                          systemic
 infection                                                                                            infection

blood

survival and multiplication
within macrophages
of liver and spleen

Fig. 2.1: Scheme of Salmonella infection in the mouse after different routes of

 administration (oral, intraperitoneal and intravenous) (BÄUMLER et al., 2000).

During the infection of mice with Salmonella Enteritidis, about 80% of the bacteria

that survive the passage through the stomach are passed with the faeces within 6-10 h

post-infection into the environment. Approximately 15% remain localized in the

lumen of the caecum and large intestine, and only 5% manage to penetrate the

intestinal wall of the small intestine (CARTER and COLLINS, 1974).
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In mammals, lymph follicles of the small intestine are clustered in Peyer´s patches.

They serve as the main port of entry for Salmonella, and their colonization contributes

to the development of disease during both localized and systemic infection. The liver

and spleen are usually enlarged during systemic infection (BÄUMLER et al., 2000). If

local immune response in the gut-associated tissues is sufficient, a balanced

distribution can appear leading to colonization or even commensalism of the bacteria.

This means the microorganisms survive in the animal without causing a specific

immune response or an infection (CASADEVALL and PIROFSKI, 2000).

Figure 2.2 illustrates and explains the colonisation of the murine Peyer’s patches by S.

Typhimurium. In colonization of murine Peyer´s patches a second gene cluster

involved is the lpf operon (BÄUMLER et al., 2000). Like strains carrying mutations in

Salmonella pathogenicity island 1 SPI1, S. Typhimurium lpfC mutants have a reduced

ability to enter Peyer´s patches and are attenuated if mice are challenged orally, but not

if the intestinal phase of infection is by passed by intraperitoneal infection

(BÄUMLER et al., 1997). Combinating mutations in invA (located on SPI1) and lpfC

(located in the lpf operon) results in a much greater attenuation of Salmonella

Typhimurium in mice infected by the oral route than inactivation of either of these

genes alone (BÄUMLER et al., 1997). The SPI1 and lpf are determined independent

pathways for intestinal penetration and the encoded virulence factors act

synergistically (BÄUMLER et al., 2000).

Salmonella pass through the enterocytes to the lamina propria, where they stimulate an

inflammatory response and are engulfed by macrophages and neutrophils. The

inflammatory reaction is characterized by the presence in the intestine and lumen of

large numbers of polymorphonuclear leucocytes. During the next 24 hours, Salmonella

in the lumen and in enterocytes are cleared, but those in the lamina propria persist and

multiply within phagocytic cells (CLARKE and GYLES, 1993).
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Fig. 2.2: Colonization of murine Peyer´s patches by S. Typhimurium. Cross-section of

the intestinal wall at the area of a Peyer´s patch showing a lymph follicle 

(centre) and part of an intestinal villus (left). Consecutive stages of Peyer´s 

patch colonization and Salmonella virulence genes required during infection 

are described in boxes 1-6 (BÄUMLER et al., 2000).

Salmonella are transported by the lymphatics to the regional lymph nodes, and travel

via the efferent lymph vessels, drain into the blood circulation, and then are filtered out

of circulation by the reticuloendothelial system, particularly in the spleen and liver

(WRAY and SOJKA, 1977). Release of endotoxin into the circulation can account for

the systemic disease, including fever, pneumonia, meningitis, and septic arthritis

(CLARKE and GYLES, 1993).

2.1.4 Immunity to Salmonella in animals

The immune system consists of two broad categories, innate and specific immunity.

Innate, or non-specific immunity includes serum components, such as complement,

and non-specific defence cells, such as polymorphonuclear neutrophils, macrophages
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and natural killer cells (PORTNOY, 1992). The antibody, produced by B lymphocytes,

provides the active effector function for humoral immunity. Antibodies protect the

host against infection by binding to the surface of infecting organisms to prevent them

from attaching to and invading host cells (McGHEE et al., 1992; MICHETTI et al.,

1992), enhance their engulfment and killing by phagocytic cells (JOHNSON et al.,

1985). Cellular immunity is mediated by T lymphocytes and these cells can serve

either a direct effector function (cytolytic T lymphocytes) or a regulatory function

(helper and suppressor T cells) by modifying the activation of B cells or other T cells.

This component of the immune response is important in protecting against intracellular

pathogens, such as viruses, parasites and bacterial species and acts through direct

killing of the infected host cell or the activation of the phagocytic cell defences

(SCHAT, 1994 and LILLEHOJ, 1993). Both humeral and cellular immunity appear to

play a role in protection against a Salmonella infection, although the importance of

each in the ultimate protection of the host still remains controversial (MASTROEIN et

al., 1993).

About one week post-infection an antibody response can be detected in the sera of pigs

and this response can persist for 10 weeks or more (GRAY et al., 1996b). Serum

immunoglobulin (Ig) M anti-Salmonella responses appear first, followed by IgG and

IgA (HASSAN et al., 1991). The IgM and IgA levels gradually decline, while IgG

levels can persist for extended periods (CHART et al., 1992; HASSAN et al., 1991).

Reinfection results in a rapid, enhanced antibody response to the challenge organism

(HASSAN et al., 1991). Serum immunoglobulins can be passed vertically into the

colostrum (JONES et al., 1988). Serum antibodies will be detectable after individuals

are no longer culture-positive for the organism (GAST et al., 1997). Experimentally

and naturally infected pigs have been shown to have a titre to LPS for at least 12

weeks after exposure to Salmonella, even after clearing the bacteria (GRAY et al.,

1996b).
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2.1.5 Salmonellosis in humans

Human Salmonellosis continues to be a major international problem both in terms of

morbidity and economic losses (BARNASS et al., 1989). Salmonellosis is primarily

associated with products of animal origin. The number of reported cases of non-

typhoid salmonellosis has increased substantially in many countries over the past 10

years (HUMPHREY et al., 1998).  Salmonella represent the most important agent in

outbreaks of food-borne diseases around the world (LACEY, 1993).  As published by

the Robert Koch Institute (RKI, 2000), 85,000 cases of human salmonellosis were

reported in Germany in 1999 and 70,000 cases in 2000 (RKI, 2002).

In Denmark, approximately 15-20% of human cases are considered to be related to

pork and pork products (WEGENER et al., 1994). In the UK, there have been reports

of recent outbreaks of food poisoning associated with pork products (CORNELL and

NEAL, 1998; MAGUIRE et al., 1993). In Germany, 20% of human cases were caused

by Salmonella originating from pork (MARG et al., 2001; STEINBACH and

KROELL, 1999). In the USA, 12.4% of fresh pork sausages were positive for

Salmonella (JOHNSTON et al., 1982). There have been many reports on the isolation

of the organism from pork and pork products. Also more recent reports indicate that a

wide range of Salmonella may be present in fresh pork (FERNANDEZ-ESCARTIN et

al., 1995; BOZZANO et al., 1993). From officially drawn meat samples in Germany in

2001 3.8% of the pork samples were contaminated with Salmonella spp. (HARTUNG,

2001). In Greece, 28% of pig carcasses were found to be contaminated with

Salmonella (EPLING et al., 1993). Carcass contamination was 17.5% in Canada

(LAMMERDING et al., 1998), 21% in The Netherlands (OOSTEROM et al., 1985),

6.5% in the USA (FSIS, 1999) and 27% in Belgium (KORSAK et al., 1998). Pig meat

products, such as hot vacuum-packaged pork, especially those incorporating low-grade

material (mechanically recovered meat) are frequently contaminated with Salmonella

(VAN LAACK et al., 1993).
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The incubation period is usually within the range of 12-72 h, but occasionally may

extend up to a week. In some outbreaks, where large numbers of organisms are

believed to have been consumed, incubation periods as short as 2.5 h have been

reported (STEVENS et al., 1989). Salmonella infection most commonly results in a

gastroenteritic illness with diarrhoea and, from time to time, a number of other

symptoms can occur. Table 2.6 gives a list of most frequent symptoms associated with

a typical outbreak of Salmonella infection demonstrating that many symptoms are

related to the gastro-intestinal tract. More rarely stools contain blood.

Table  2.6: Symptoms and frequency of occurrence of Salmonella infections.

 Symptoms        Frequency in percentage of cases

Diarrhoea 87 %
 Abdominal pain 84 %
 Feeling feverish 75 %
 Nausea 65 %
 Muscle pain 64 %
 Vomiting 24 %
 Headache 21 %
 Blood in stools  6 %
From an outbreak of Salmonella (STEVENS et al., 1989)

In the majority of cases the acute gastrointestinal symptoms will clear with supportive

therapy only within 4-5 days. Malaise, lassitude, and weakness may continue for

substantially longer (HUMPHREY et al., 1998). A possible complication of acute

salmonellosis is a reactive arthritis  (RKI, 2002).

2.1.6 Salmonellosis in swine

Pigs are an important reservoir of Salmonella for humans. Infection of man follows

either through direct contact or more frequently conclude from pork and pork products

(FEDORKA-CRAY et al., 2000b). Infected pigs remain healthy carriers in most of the

cases and as a consequence are of great importance to public-health.
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The prevalence of Salmonella in the intestine of individual pigs from different sources

is extremely variable (GRAY et al., 1995, 1996a, 1996b). Individual animals may

remain as carriers for up to 36 weeks (WOOD and ROSE, 1992). In Germany it is

estimated that 7.3% of all farmed pigs are carriers of Salmonella (HARTUNG, 2001).

Salmonella are a major cause of economic losses in the pig production chain, resulting

in millions of dollars in lost income to the pork industry (SCHWARTZ, 1990).

In Europe and the USA, the predominant not species-adapted Salmonella serovars

found in pigs are S. Typhimurium and S. Derby. In Germany, the most common

serovar following S. Typhimurium in 1961–1965 was S. Dublin and in 1998 it was S.

Agona, while in Denmark it was S. Infantis (FEDORKA-CRAY et al., 2000b). In

England in 1997, of the 338 Salmonella incidents reported in pigs, 62% were caused

by S. Typhimurium, and 12% by S. Derby. In Denmark, 6.2% of faecal samples were

found positive, usually with one phage type predominating from each farm source

(BAGGESEN et al., 1996). From the isolated species-adapted Salmonella serovars S.

Choleraesuis was the most common strain recovered. In intestinal material of swine

frequently S. Gallinarum/Pullorum can be found (FEDORKA-CRAY et al., 2000b).

Transmission of Salmonella between hosts is thought to occur via the faecal-oral route

of exposure. A number of studies have reproduced experimental infection by the oral

route and, during acute disease, pigs will shed up to 106 S. Choleraesuis g-1 faeces

(SMITH a. JONES, 1967) or 107 S. Typhimurium g-1 faeces (GUTZMANN et al.,

1976). Most authors report successful disease reproduction with dose of 108-1011

Salmonella (GRAY et al., 1995, 1996a and 1996b). Further studies in pigs indicated

that Salmonella could be isolated from tonsils, mesenteric lymphnodes and intestine

contents already 2 h after oral infection (BLAHA, 2001).

Weaned piglets are often infected by Salmonella. In general, S. Typhimurium tends to

cause disease in young pigs from 6 to 12 weeks of age. Disease from this serovar is

rare in adult animals, but infection is frequent. S. Chloeraesuis causes disease among a

wider range of ages. Mortality tends to be higher in younger than in older pigs, while

morbidity is often equal regardless of age. Disease from S. Chloeraesuis in adult pigs
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is not common. However, if a susceptible population is exposed, the animals will be

significantly affected (WILCOCK and SCHWARTZ, 1992). The occurrence of

salmonellosis in suckling pigs is rare, presumably because of lactogenic immunity, but

infection is not uncommon (FEDORKA-CRAY et al., 2000b; WILCOCK et al., 1976;

GOOCH and HADDOCK, 1969).

Clinical porcine salmonellosis can be separated into two syndromes: one involves S.

Typhimurium, which is associated with enterocolitis, while the other involves S.

Choleraesuis and is usually associated with septicaemia. Septicaemic pigs are

inappetent, lethargic and febrile, with temperatures of up to 41.7 °C. Respiratory signs

may consist of a shallow, moist cough and diaphragmatic breathing. Clinical signs first

appear after 24-36 h of infection (REED et al., 1986). In most outbreaks, mortality is

high and morbidity is variable but generally less than 10% (WILCOCK and

SCHWARTZ, 1992; REED et al., 1986). Diarrhoea is normally not a feature of S.

Choleraesuis infection until at least the fourth or fifth day of infection. It may last from

5 to 7 days after onset if chronic reinfection is not occurring. Gross lesions include

colitis, infarction of gastric mucosa, swollen mesenteric lymph nodes,  splenomegaly,

hepatomegaly and lung congestion. Random white foci of necrosis are often observed

on the liver (WILCOCK and SCHWARTZ, 1992; REED et al., 1986). The

microscopic lesion that is most often associated with S. Choleraesuis in pigs is the

paratyphoid nodule. This lesion can be viewed in the liver as clusters of histiocytes

amid foci of acute coagulative hepatocellular necrosis and corresponds to the white

foci seen grossly (LAWSON and DOW, 1966). Other lesions may include fibrinoid

thrombi in venules of gastric mucosa and cyanotic skin and glomerular capillaries.

Swelling of histiocytes and epithelial cells, typical of gram-negative sepsis, as well as

hyperplasia of reticular cells of the spleen and lymph nodes, is often observed

(FEDORKA-CRAY et al., 2000b; WILCOCK et al., 1976).

Enterocolitis in pigs is typically associated with S. Typhimurium infection and

occasionally with S. Choleraesuis infection. In contrast to the septicaemic disease, the

initial sign of infection is often watery, yellow diarrhoea. Infected pigs show

inappetence, fever and lethargy. Mortality is usually low. However, morbidity can be
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high within a few days of infection (WILCOCK and SCHWARTZ, 1992). Major gross

lesions found at necropsy are focal or diffuse necrotic colitis and typhlitis. Mesenteric

lymph nodes are greatly enlarged. Intestinal lesions develop as red, rough mucosal

surfaces, which may also have gray-yellow debris. Colon and caecal content are bile-

stained and scant, often with black or sand-like gritty material on the surface. Intestinal

necrosis may be seen as sharply delineated button ulcers, often associated with

resolving lesions (WILCOCK and SCHWARTZ, 1992; WOOD and ROSE 1992;

WILCOCK and OLANDER, 1978). In case of S. Typhimurium enterocolitis, the liver

and spleen are not enlarged except by terminal congestion (WILCOCK and

SCHWARTZ, 1992). Histopathological examination reveals necrosis of cryptic and

surface enterocytes, which may be local or diffuse. The lamina propria and submucosa

contain macrophages and lymphocytes, with neutrophils observed only in the very

early stages of disease. It is not uncommon to see lymphoid atrophy or regenerative

hyperplasia associated with this disease (FEDORKA-CRAY et al., 2000b; REED et

al., 1986 and WILCOCK et al., 1976).

2.2 Salmonella Detection

Pigs can become infected with Salmonella at the breeding and/or fattening farm,

contaminated during transport, in the lairage when mixing with Salmonella excreting

pigs, by contact with a Salmonella-contaminated environment. (SWANENBURG et

al., 2001a). Salmonella can regulary be isolated from tonsils, mesenteric lymphnodes

and intestine contents of infected pigs (SWANENBURG et al., 2001a; PROUX et al.,

2000).

2.2.1 Microbiological detection

2.2.1.1 The cultural isolation of Salmonella

The cultural isolation of Salmonella is most common in animal-production and food-

processing industries. Most of the original methods were developed for the diagnosis

of clinical samonellosis in humans and animals (FEDORKA-CRAY et al., 2000b). In

pigs, the success of the culture method can be affected by the phase of the infection. In
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acute salmonellosis, large numbers of Salmonella are shed in the faeces, whereas a

chronically infected pig or a carrier may excrete only low numbers of Salmonella

intermittently. Thus, for clinical samples, of acute infections direct cultures may be

sufficient, whereas samples from chronically infected pigs or from the environment

will almost certainly require pre-enrichment and selective enrichment (FEDORKA-

CRAY et al., 2000b).

2.2.1.1.1 Pre-enrichment media

Several pre-enrichment media have been proposed (D´AOUST, 1981). Lactose broth

(LB) was perhaps the first to receive widespread use. But there has been concern that

LB, because of the fermentation of lactose and resulting acidity, would allow the pH to

fall to a level that is inhibitory or lethal to Salmonella (HIKER, 1975). Buffered

peptone water (BPW) has been used without a fermentable sugar and with greater

buffering capacities. FRICKER  (1987) and JUVEN et al. (1984) found that BPW was

more appropriate than LB for isolating Salmonella. The pH of the LB cultures after

incubation ranged from 4.8-5.5, whereas the range for BPW was 5.8-6.4, respectively.

BPW has been the pre-enrichment broth of choice for use in conjunction with

Rappaport-Vassiliadis enrichment media (WALTMAN, 2000).

2.2.1.1.2 Selective-enrichment broth

Selective-enrichment broths are formulated to selectively inhibit other bacteria while

allowing Salmonella to multiply to levels that may be detected after plating. There are

currently three major types of selective-enrichment media: tetrathionate, selenite and

Rappaport-Vassiliadis (RV). There are also different formulations within each type of

enrichment (WALTMAN, 2000).

Selenite enrichment media: LEIFSON (1936) formulated the first selenite enrichment,

commonly known as selenite F (SF). Selenite is reduced by bacteria, which increases

the pH and reduces the toxicity of selenite. NORTH and BARTRAM (1953) modified

SF by adding cystine (selenite-cystine (SC)). STOKES and OSBORNE (1955)
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modified SF by changing the carbohydrate source from lactose to mannitol and adding

sodium taurocholate and brilliant green (selenite brilliant green (SBG)). In a

comparative study, WALTMAN et al. (1995) compared SF, SC, and SBG with

tetrathionate and RV enrichment broths. The tetrathionate and RV enrichment results

were better than the results from the use of selenite enrichment. Other disadvantages

that have resulted in the reduced use of selenite enrichment media because selenium is

considered a hazardous chemical, which has been shown to reduce fertility and

produce congenital defects, is considered to be embryotoxic and teratogenic and has

produced an increase in hepatocellular carcinomas and adenomas in animals

(ANDREWS, 1996; GOYER, 1996).

Tetrathionate enrichment media: MULLER (1923) described a selective enrichment

broth that contained iodine and sodium thiosulphate, which he combined to form

tetrathionate. KAUFFMANN (1935) modified the tetrathionate brilliant green

(TBG)enrichment broth of MULLER by adding ox bile and brilliant green (MKTT).

Different formulation of tetrathionate enrichment have contributed to the often

confusing comparative studies. WALTMAN et al. (1995) compared three tetrathionate

formulations for the recovery of Salmonella from environmental samples. They found

no significant differences in the three media. Several studies have shown that

tetrathionate enrichment is better than selenite enrichment (WALTMAN et al., 1995;

D’AOUST et al., 1992).

Rappaport-Vasiliadis enrichment media: RAPPAPORT et al. (1956) described an

enrichment medium based on the ability of Salmonella to:

I survive relatively high osmotic pressures (using magnesium chloride).

II  multiply at relatively low pH (pH 5.2).

III survive in malachite green (106 mg/l).

IV grow with minimal nutritional requirements (5 g peptone /l).

VASSILIADIS et al. (1970 and 1976) modified the medium by reducing the

concentration of malachite green, which made the medium suitable for incubation at

43°C. Several studies have shown that RV enrichment was better than either
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tetrathionate or selenite enrichment broths (WALTMAN et al., 1995;

OBOEGBULEM, 1993; SCHLUNDT and MUNCH, 1993; BAGER and PETERSON,

1991). RV enrichment medium has been approved for isolating Salmonella from raw,

highly contaminated food and animal feeds, replacing the use of selenite enrichment

media (JUNE et al., 1996). GOOSSENS et al. (1984) developed a semi-solid medium

based on RV enrichment broth (modified semi-solid Rappaport-Vasiliadis (MSRV)).

The MSRV plate is incubated at 41.5°C and the motility of Salmonella further selects

and differentiates Salmonella from other microorganisms. Several studies have shown

the advantages of the MSRV culture method (DAVIES and WRAY, 1994; READ et

al., 1994; ASPINALL et al., 1992).

In the DIN EN ISO 12824:1997 (1998) the selenite cystine medium is described as

well as the RV medium. According to the new DIN EN ISO 6579:2002 (2003) for the

detection of Salmonella in food and feedstuff an RV enrichment media with 5.0g

encymatically digested soy per litre has to be used and as second enrichment medium

the MKTT is described with an addition of novobiocine.

2.2.1.1.2 Plating media

Plating media should be judged not only on their ability to selectively grow

Salmonella, but also on their ability to differentiate colonies of Salmonella from those

of other bacteria. Many selective plating media are available for the isolation of

Salmonella. The plates are incubated at 35-37°C for 20-24 h and grown colonies

suspected to represent Salmonella are taken for further investigations (WALTMAN,

2000).

Brilliant green (BG) agar was developed by KRISTENSEN et al. (1925) and later

modified by KAUFFMAN (1935). The selectivity of the agar derives from the

presence of the brilliant green dye and the presence of lactose and sucrose (BPLS),

which is the basis for the differential capabilities of the media. Almost all Salmonella

fail to ferment either lactose or sucrose and their colonies appear pink to red, with a
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reddening of the media. Several investigators have proposed the use of BPLS

(WALTMAN et al., 1995; MALLINSON, 1990).

Rambach agar (RAM) was developed based on the finding that Salmonella produce

acid from propylene gycol (RAMBACH, 1990). The selective ability results from the

presence of bile salts. The differential characteristics involve the fermentation of

propylene gycol, Salmonella appearing as crimson-red colonies, and a chromogenic

detection system for the production of ß-D-galactosidase by other Enterobacteriaceae,

which after reaction with the chromogenic substance, X-Gal (5-bromo-4-chloro-3-

indole-ß-D-galactopyranoside), results in the formation of blue-green colonies. But

some serovars of Salmonella do not produce the characteristic red colonies, e.g. S.

Pullorum, S. Gallinarum, S. Abortus, and S. Dublin (PIGNATO et al., 1995a, b;

KUHN et al., 1994).

Other plating media work next to the fermentation of sugars (xylose, saccharose) and

phenole red with desoxycholate and iron ammoniumcitrate (XLD). Apart from the

change in pH Salmonella result in colonies with a black centre (WALTMAN, 2000).

The DIN EN ISO 12824:1997 (1998) regulates the use of BPLS agar and another agar

chosen by the laboratory; the new DIN EN ISO 6579:2002 (2003) rules the use of

XLD agar.

2.2.2 Biochemical identification

Typical Salmonella colonies found on the selective agar should be confirmed by

biochemical tests. The principal biochemical tests by which Salmonella can be

identified are given in Table 2.7. The (+) signs indicate that this factor or reaction must

be seen in Salmonella, (-) indicates the reaction should not appear. Testing all these

reactions requires considerable resources. Therefore it makes sense to use composite

media such as triple sugar iron agar (TSI) which is prepared in tubes for further use. It

contains glucose, lactose and sucrose, a H2S detection system and an indicator (JONES

et al., 2000).
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Table 2.7: Biochemical reactions of typical Salmonella spp. (JONES et al., 2000).

Test                                Reaction of               Test                                   Reaction of
typical strains                                                     typical strains

Fermentation of:
Nitrate reduction                    + Glucose       +
Oxidase                                  – Mannitol   +
O/F                                         F Maltose   +
Urea hydrolysis                      – Lactose   –
Indole                                     – Sucrose   –
H2S production                      + Salicin   –
Citrate utilization                   + Adonitol   –
Sodium malonate                   –  Dulcitol   +
Growth on KCN                    –     Lysine decarboxylase   +
MR                                         +     Arginine dihydrolase   +
VP                                          –     Ornithine decarboxylase   +
Gelatin liquefaction               –     Deamination of phenyalanine   –

KCN, potassium cyanide; MR, methyl red; O/F, oxidation/fermentation;
VP, Voges Proskauer.

The medium is inoculated by stabbing the loop into the centre of the agar down to the

base of the reaction tube. The loop is pulled back and the rest of the inocular is

distributed on the slope of the agar surface. The tube is inoculated at 37°C for 24 h.

When glucose not lactose or sucrose is fermented by the microorganisms a change of

colour from red to yellow can be observed. The colour fermentation  depends on the

amount of glucose which is converted.

However, the reaction under the aerobic conditions on the slant reverts and becomes

alkaline (red) because of protein breakdown in the medium. Under anaerobic

conditions inside the agar at the bottom of the tube, the medium remains acid (yellow)

and H2S production is characterized by blackening of the medium (JONES et al.,

2000). Some Proteus spp. and other species may give a similar reaction, but can be

distinguished by their ability to hydrolyse urea. Urea agar in another reaction tube

should always be used in parallel. The typical reactions of 6 different strains of

Enterobacteriaceae in TSI are show in Table 2.8.
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Table 2.8: Biochemical reactions on triple sugar iron (TSI) agar (JONES et al., 2000).

Organism Butt Slope H2S
Enterobacter AG A –
Escherichia coli AG A –
Proteus AG A +
Morganella  A or AG      NC or ALK –
Shigella  A NC or ALK –
Salmonella AG      NC or ALK +

AG, acid (yellow) and gas formation; A, acid (yellow); NC, no change; ALK, alkaline
(red); +, hydrogen sulphide (black); –, no hydrogen sulphide (no blackening)

2.2.3 Serological detection

With serological detection methods antigenic structures of the surface of  bacteria are

identified. Salmonella suspicious colonies in cultural detection methods are confirmed

with poly- or monovalent sera. Somatic (O), flagellar (H), and capsular (Vi) antigens

of Salmonella affect an agglutination of the colonies in the sera and serovars can be

named (CLARKE and GYLES, 1993).

2.2.3.1 Enzyme-linked immunosorbent assays (ELISA)

Enzyme-linked immunosorbent assays can be used to detect either the microorganism

or a humoral immune response to the microorganism. Whereas culture may take 3-7

days to identify Salmonella, ELISA can detect it in a much shorter period of time,

usually in one day or less. Several antigen-capture immunoassays have been used to

detect Salmonella in pig faeces (LAMBIRI et al., 1990; van POUCKE, 1990; ARAJ

and CHUGH, 1987). The detection of antibodies to the O antigen of Salmonella has

been used successfully in pigs (NIELSEN et al., 1994). The antibody ELISA using

mixed purified lipopolysaccharide (LPS) from both S. Typhimurium and S.

Choleraesuis has been used for routine screening of breeding, multiplying and

slaughter pig herds in Denmark since 1993. The screening of breeding and multiplying

herds is performed on serum samples, whereas meat juice is used for slaughter pigs
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(NIELSEN et al., 1995b). The ELISA used show good sensitivity and specificity to

Salmonella infections (GRAY and FEDORKA-CRAY, 1999; KRAMER et al., 1994).

Meat juice is obtained by freezing a sample of muscle tissue overnight and after

allowing it to thaw, thereby releasing antibody-containing tissue fluid (NIELSEN et

al., 1996). Apart from a slightly lower titre seen with meat juice in comparison to sera,

the former samples behave in a similar manner to sera on dilution (NIELSEN et al.,

1998). Meat juice has been used routinely in Denmark to trace Salmonella infected pig

herds (NIELSEN et al., 1995a) because it is inexpensive and rapid compared to the

bacteriological method (PROUX et al., 2000). It can be automated and used for the

rapid screening of high numbers of samples. It has already been largely used for

monitoring purposes in Denmark, Germany and the USA both with serum and muscle

fluid samples (NIELSEN et al., 1998; PROTZ et al., 1997; GRAY et al., 1995).

In the ELISA tests the control standards used are Salmonella positive sera of

hyperimmunized pigs as well as one Salmonella negative serum. The concentration of

the positve control sera is given in percentage. The optical density (OD) measured in

the photometre (usually at 450 nm) is linked to the percentage of antibody

concentration given in the control sera. A line of regression is formed. The cut-off

value recommended for the examined samples is a concentration of 40%. All tested

sera or the applied meat juice higher than this OD% of 40 are assessed Salmonella

positive (KRAMER et al., 1994). Conclusively, reducing the OD% cut-off value, more

tested sera are counted positive. This has been discussed especially for blood serum

samples (ALBAN et al., 2002), since the antibody titre is said to be higher than in

meat juice (NIELSEN et al., 1998).

2.2.4 Molecularbiological detection

2.2.4.1 Polymerase chain reaction (PCR)

The extraordinary ability of the polymerase chain reaction to exponentially replicate a

target DNA sequence has made it a very powerful tool in the armamentarium of the

diagnostician, epidemiologist and molecular biologist. This assay is based on the

ability of target (organism) specific primers, through complementary DNA base-
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pairing, to anneal only to the target sequence. Thermostable DNA polymerase

recognizes the template primer complex as a substrate, which results in the

simultaneous copying of both strands of the segment of DNA between the two

annealed primers. The denaturation, annealing and elongation steps take place in a

cyclical fashion, relying on the thermostability of the Taq polymerase, until the target

sequence is amplified to detectable amounts (van der ZEE and HUIS, 1997, 2000;

EHRLISH and SIRKO, 1994). In Figure 2.3 the principle of PCR is explained. Before

starting the first cycle in the thermocycler the DNA, primers, the polymerase,

deoxynucleotidetriphosphates (dNTPs), and a buffer are mixed in a reaction tube.

Then in the PCR the targeted region of the Salmonella genome is amplified a by

repetition of a three-step process:

I. Denaturation of the double-stranded DNA into single strands by heating.

II. Annealing specific, complementary, oligonucleotide primers to the single-

stranded DNA by cooling.

III. Enzymatically extending the primers to produce an exact copy of the original

double-stranded target sequence.

This process from I to III is usually repeated in 30 to 40 cycles. After that the detection

of the amplified target DNA is done in an agarose gel electrophoresis.

STONE et al. (1994) have improved detection methods of bacterial DNA in PCR

assays by combining it with enrichment cultures. Before PCR it is often necessary to

extract and purify the DNA out of the tested material (ZHANG and WEINER, 2000).

HERNANDEZ et al. (1995) reported that  bacterial DNA extraction from liquid media

by using the cetyltrimethylammonium bromide (CTAB) method was more suitable

than the boiling method. The PCR assay has been frequently used to identify

Salmonella in food and clinical samples (COHEN et al., 1993; RAHN et al., 1992;

ARAJ and CHUGH, 1987). Therefore, PCR techniques have been developed in the

last few years to rapidly and specifically detect Salmonella in faeces and inner organs

of infected animals (SCHOLZ et al., 2001).
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 First cycle
 1

1 Denaturation
 +

2 Annealing of primers
 DNA +
 2

Primers + DNA polymerase
 + Deoxynucleotidetri-
 phosphates  (dNTPs)                                              Annealing + Extension
 + buffer

 New duplex DNA
 Second cycle

1 1

Reaction

 2 2

Fig. 2.3: Principle of the polymerase chain reaction. Small specific DNA sequences
(primers) are allowed to bind to heat-denatured (separate) DNA strands. A heat stable
enzyme (DNA polymerase) extends the primers to new complementary strands, after
which the cycle is repeated (van der ZEE and HUIS, 2000).
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2.3 Salmonella prevention

Control measures are of increasing importance, because of consumer concerns about

food-borne zoonosis. Epidemiological studies in recent years suggest that Salmonella

infection of suckling piglets is much lower than that of old animals, because of

lactogenic immunity, and that, by the application of integrated quality-control systems

(FEDORKA-CRAY et al., 2000a). Salmonella control presents a challenge to all

involved in the pig industry. It is important that control is based on the detailed

knowledge of the epidemiology of infection and a specific control programme for each

enterprise.

2.3.1 Prevention in the farm

Control measures in the farm include changes of clothing and boots for visitors, bird

and rodent control, foot-baths containing active disinfectant in front of the animal

house (FEDORKA-CRAY et al., 2000b). Effective cleaning and disinfection are

important aspects of disease control. It is generally accepted that farms should operate

an all-in, all-out policy, with adequate cleaning and disinfection after the pen is empty.

TIELEN et al. (1997) found that Salmonella-negative piglets placed in clean

accommodation remained free, despite serological evidence of Salmonella in the sows.

FEDORKA-CRAY et al. (1997) weaned pigs at 14-21 days and removed them to clean

accommodation, where the piglets remained free of Salmonella. Improved disinfection

of weaner and grower pens on several farms produced a significant reduction in the

incidence of positive batches (from 80% to 11% on one farm) (DAVIES and WRAY,

1997). The same authers showed that vaccination of breeding stock on a farm with an

inactivated S. Typhimurium/S. Dublin vaccine was associated with a reduction of

Salmonella infection from 67% to 12% in weaned pigs and from 52% to 5% in adults.

In Denmark, it was demonstrated that the use of attenuated vaccines reduced the

clinical impact of S. Typhimurium infection in pigs (DAHL et al., 1997).
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2.3.2 Prevention at the slaughter house

It is supposed that lairage of pigs will increase the chance of cross-infection and

contamination of pigs. Salmonella shedding may be increased by any stress factor,

including transport (BERENDS et al., 1996), but stress levels, and possibly Salmonella

excretion, are reduced by overnight lairage. DAVIES et al. (1999) found a reduced rate

of intestinal carriage of Salmonella and carcass contamination in pigs that have been

held overnight in lairage, as compared with pigs slaughtered within 2-3 h of arrival.

The slaughter process in a well-run pig abattoir is capable of reducing the level of

surface contamination of carcasses, because of the scalding and singeing stages, but

any Salmonella that survive these stages can be spread between carcasses during the

further slaughter procedure (GILL and BRYANT, 1993).  Most of the contamination,

however, results from escape of intestinal contents during evisceration. DAVIES et al.

(1999) indicated that there was little increase in carcass contamination after

evisceration, although further increases caused by trimming and meat inspection have

been described (MOUSING et al., 1997). HACCP style procedures have been widely

adopted in abattoirs, however, appear to have decreased the recovery of Salmonella

from pig carcasses (FSIS, 1999). It is clear that biosecurity and hygiene precautions to

control Salmonella should be taken throughout the pig meat production and

distribution chain (FEDORKA-CRAY et al., 2000b).

2.3.3 Salmonella monitoring programme

Salmonella monitoring programmes have been implemented starting in Denmark, to

approach the Salmonella problem from a broad basis. Pork from Denmark, especially

where those programmes run since several years, still has a growth in exports resulting

in consequent advertisement for their Salmonella controlling. Therefore other

countries such as Germany and the USA have implemented or will install monitoring

programmes on Salmonella in pigs (KAESBOHRER, 1999). Table 2.9 gives a brief

overview on the current state of monitoring programmes on Salmonella in some

countries of the European Union.
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Table 2.9: Monitoring programmes on Salmonella in pigs in some contries of
 European Union (KAESBOHRER, 1999).

Denmark                     Slaughter pigs:       serological monitoring programme
Pork:                       sampling at slaughterhouse

 Pork:                       sampling at retail
Finland                       Lymph nodes  and surface swabs:         at slaughterhouse
 Pork:                       at cutting plants
Sweden                       Faecal samples (yearly) on breeding farms and multiplyer herds
Ireland                        Slaughter pigs:        serological monitoring programme
Belgium                     Carcasses and liver: sampling at slaughterhouse
 Carcasses:                sampling at retail
Wales                         Pork:                        survey on processing plants and retail
Germany                    Slaughter pigs:        voluntary serological monitoring programme

In Germany, the Ministry of Public Health, Nutrition, Agriculture and Forestry also

presented guidelines for a programme to reduce the introduction of Salmonella into

meat production via slaughter pigs. Within the framework of this programme the

Salmonella status of slaughter pigs should be detected by random samples (GABERT

et al., 1999). The main technique recommened to assess the prevalence of Salmonella

infections in the pig herds is the meat juice antibody ELISA test. The sample size

recommended for farms with more than 200 pigs in the GERMAN GUIDELINES

(1998) is 60 animals over a period of one year. Van der WOLF et al. (2001) calculated

a reliabilty of 95% of the results when only testing 40 animals of each farm. According

to the percentage of positive results per herd in the meat juice ELISA, farms raising

slaughter pigs are to be divided into three categories. On the basis of the ELISA

screening results, confirming investigations on the farms can be undertaken, using

culture methods. Unfortunately, experimentally and naturally infected pigs have been

shown to have a titre to the LPS for at least 12 weeks after exposure to Salmonella,

even after clearing of the bacteria (GRAY et al., 1996b).

Table 2.10 gives the categories for classification of pig farms according to the meat

juice antibody ELISA results and the measures to be taken (GABERT et al., 1999). If

the amount of Salmonella antibody positive animals surpasses 40%, the farm belongs
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to category III. In this case the sources of contamination have to be detected and

measures have to be taken to eliminate these factors. Salmonella prevalences from 20-

40% lead to the classification as category II farms, which means that the farm

management has to be advised by veterinarians and that further measures have to be

taken, if necessary. Prevalences lower than 20% require no special measures and the

respective farm is placed in category I (POLTEN, et al., 1999).

Table 2.10: Categories for classification of farms and measures to be taken
 (POLTEN, et al., 1999 ; GERMAN GUIDELINES, 1998).

 Category Prevalence in the
herd

Measures

I Less than 20 %  None

II   20 to 40 %  Consultation of a veterinarian;
 Establishment of control measures optional

III  More than 40 %  Establishment of control measures under
 Veterinary supervision

Because meat juice is easy and cheap to collect in the slaughter house, most

surveillance programmes use this material in their investigation. The implementation

of the ELISA (cut-off) and the categorizations can differ though. QUIRKE et al.

(2001) use for meat juice examinations an OD% of >40 in their antibody ELISA but

consider categories from <10% seropositive pigs (category I) over 10-50% (category

II) up to >50% (category III). EHLERS (2002) recommends four categories, the first

category should account for the farms having no positive animal at all, this is the

category Ia with 0%. The other categories are Ib with 1 – <20%, II with 20 to 40% and

III with more than 40% positive pigs per farm. ALBAN et al. (2002) dicuss for

Denmark a new classification system relying on an OD% > 20 in the applied ELISA.

This will double positive tested animals and seems to be matching their bacteriological

investigation more closely. The categorization will be changed accordingly. Four
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categories are under consideration: category I: 0% seropositive pigs per farm, category

II: 1 - <40%, III: 40 to <70%, and IV: 70% and higher. Until now in the surveillance

programmes mainly the cut-off OD% >40 and the three categories (I: <20%, II: 20-

40%, III: >40%) are used. This allows to compare the results with most international

literature and studies of the last years but there is a tendency to the more sensitive

scheme with a lower cut-off and higher grouped levels. This may be useful particularly

in areas with high animal densities such as Denmark, The Netherlands or the North-

West of Germany.

In Norway, the Salmonella surveillance and control programme became more attention

at the beginning of 1999. The pooled faecal samples were collected from every pen of

the pedigree breeder herds, lymph node samples and swabs of carcasses were collected

at slaughter houses (FREDRIKSEN et al., 1999). The large majority of Danish herds

are monitored by serological testing of meat-juice samples. A status of the Danish

Salmonella surveillance program in 1999 showed a decline in the number of herds

assigned as category II or III from a maximum of 3.4% category II herds and 2.3%

category III herds in 1995 to 2.5% category II herds and 0.9% category III herds

(DAHL, 1999). In Austria 1999, KOEFER et al. reported that after termination of the

necessary preliminary work, the Styrian Salmonella monitoring programme for pork

production was launched in May 1999. Serological screening in the abattoirs are

designed to identify the affected farms. Positive or doubtful results lead to

epidermiological investigations in the respective herds.
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3 Materials and Methods

3.1 Investigations in the slaughter house

3.1.1 Animals, materials and methods

3.1.1.1 Animals

A total of three hundred and eighty-three fattening pigs (german landrace x german

white x pietrain) altogether were investigated on Salmonella directly after slaughter in

a slaughter house with EU-standards. From the first 254 pigs jejunum with mesenteric

lymph node and muscle samples were collected. From the last 129 pigs additionally

tonsil samples were take. Figure 3.1 shows the scheme of sample collection and

preparation of the analysis on Salmonella in the 254 pigs using PCR technique and an

antibody-ELISA test. Figure 3.2 shows the scheme of sample collection and

preparation of the analysis on Salmonella in 129 pigs using PCR technique and

antibody-ELISA test. The animals came from different farms and the samples were

taken from randomly selected pigs.

3.1.1.2 Materials

The investigations were carried out in a medium-sized slaughter house with pigs being

slaughtered at 5 days per week at an average speed of 80 pigs per hour. In the lairage

the pigs were kept in pens the waiting time varied between 60 to 120 minutes.

Stunning was performed by carbon dioxide (80 Vol %, 70 seconds). Immediately after

sticking the animals got hung up in the slaughter line, dehaired and flamed before the

intestines were removed. During the slaughtering routine, the randomly selected

animals were identified by recording the number at their eartag and especially the

tattooed identification number.
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254 three race-breeding fattening pigs
(different farms and randomly selected animals)

from EU-standards slaughterhouse

*BPW: buffered peptone water

Fig. 3.1: Scheme of sample collection of the first 254 pigs and preparation of jejunum

 and meat juice for the analysis of Salmonella using PCR technique and an

 antibody-ELISA test.

254 three race-breeding fattening pigs
from different farms, randomly selected

at slaughter

~15-20 cm
jejunum and lymph node

10 g   jejunum and lymph node

BPW* added up to 100 g
(1:10, w:w)

 37 °C  18 h +- 2 h

twice 1.5 ml fluid
in 2 ml reaction tubes

DNA extraction

PCR (Hanse-Analytik GmbH)

gel electrophoresis and photography

429 bp band = positive result
cleared  band = negative result

~ 3x1x1 cm
diaphragm pillar muscle

frozen (< -20 °C)
until 1 day before ELISA

~ 4 °C (refrigerator)

from muscle separated
meat juice

dilution 1:30 with buffer

antibody meat juice ELISA
(Labor Diagnostik GmbH)

ELISA reader, 450 nm

OD >40% = positive result
OD <20%, 20-40% = negative result
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54 three race-breeding fattening pigs
(different farms and randomly selected animals)

from EU-standards slaughterhouse

*BPW: buffered peptone water

Fig. 3.2  Scheme of sample collection of the last 129 pigs and preparation of jejunum,

 tonsils and meat juice for the analysis of Salmonella using PCR technique

 and an antibody-ELISA test.

129 three race-breeding fattening pigs
from different farms, randomly selected at slaughter

~15-20 cm                              ~ 5x5x1 cm
jejunum and lymph node                      tonsil

10 g   jejunum                                 5 g tonsil

BPW* added to 100 g        BPW added to 50 g
 (1:10, w:w)                           (1:10, w:w)

37 °C  18 h +- 2 h

twice 1.5 ml fluid
in 2 ml reaction tubes

DNA extraction

PCR (Hanse-Analytik GmbH)

gel electrophoresis and photography

429 bp band = positive result
cleared  band = negative result

Both (jejunum and tonsil) positive result

Culture and Serotyping

BgVV, Berlin

~ 3x1x1 cm
diaphragm pillar muscle

frozen (< -20 °C)
until 1 day before ELISA

~ 4 °C (refrigerator)

from muscle separated
meat juice

dilution 1:30 with buffer

antibody meat juice ELISA
(Labor Diagnostik GmbH)

ELISA reader, 450 nm

OD >40% = positive result
OD <20%  = negative result

 OD 20-40% = negative result
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3.1.1.2.1 Sample collection and preparation for analysis

The removed intestinal tract was immediately collected and samples were taken in a

sterile manner. As recommended in the General Administrative Regulation concerning

the implementation of the official surveillance according to Meat Hygiene Law

(AVVFlH, chapter IV, No.4.2.1.6.2, 2002) a part of the jejunum with the adjacent

mesenteric lymph nodes was taken for examination. The jejunum was tied at two sides

with sterile thread as to not contaminate the intestine slide with contents before

removing the middle part of the jejunum by cutting it with sterile scissors. The used

scissors was sterilized in 96 % alcohol and flamed each time before next use.

Approximately 10-15 cm of the jejunum with mesenteric lymph nodes was collected

into a labled sterile plastic bag, which was closed and immediately put into a coolbox.

The sampled animal was marked and followed on the slaughter line until the

diaphragm pillar muscle was collected.

From the first examined 254 pig carcasses no tonsil samples could be taken. From the

following 129 pigs tonsil samples were collected after the carcasses were divided into

two parts. The tonsil samples were collected into a labled plastic bag at the meat

inspection area. The tonsils were cut to an approximate size of 5x5x1 cm using a

sterile knife. The contamination of the following animals was prevented by

disinfecting the gloved hand and knife. The samples were collected into labled sterile

plastic bags,  which were closed and immediately put into a coolbox.

The sample from the diaphragm pillar muscle was taken about 1/2 h after slaughter

after the meat inspection together with the official Trichinella sample. An

approximately 3x1x1 cm big piece of muscle (NIELSEN et al., 1998) was collected

from each carcass with cutting by a sterilized knife and gloved hands. The muscle

sample was placed into a container tube designed to facilitate separation of fluid from

the muscle tissue (Salmostore, Labor Diagnostik, Leipzig, Germany). The tube was

closed and carefully numbered with the same identification number used for the
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jejunum with mesenteric lymph nodes and tonsil sample respectively. Immediately

after the deposition into the tube, the meat sample was put into a coolbox.

All samples were transported for approximately 3 hours to the Center for Food

Science, Section for Food, Meat Hygiene and Technology of the School of Veterinary

Medicine Hannover on the same day. Sampling was done every 4 weeks with

approximately 30 – 40 samples per examination.

At laboratory, 10g from each jejunum and mesenteric lymph node sample was

weighed into a sterile plastic bag (Stomacher bag, Seward), and 90 ml of buffered

peptone water was added into the repository. The bags were closed, vortexed in

vortexion machine (Stomacher, Seward) for 1 minute, and incubated at 37 °C in an

incubator for 16-20 hours. An approximate aliquot of 1.5 ml was transferred twice into

two separate 2 ml reaction tubes, and stored at –20 °C until use.

From each tonsil sample in the laboratory 5 g was weighed into a sterile plastic bag

(Stomacher bag, Seward), and 45 ml of buffered peptone water (BPW) was added.

The bags were closed, vortexed in vortexion machine for 1 minute, and incubated at 37

°C in incubator for 16-20 hours according to the jejunum with mesenteric lymph node

samples. Approximately 1.5 ml was transferred from the bag twice, put into marked 2

ml reaction tubes (for PCR technique) and another about 10 ml was transferred into 15

ml tubes (for culture methods) and stored at –20 °C until use.

Each muscle sample in the container tube was frozen at –20 °C and subsequently

allowed to thaw at 4 °C during the day before the application in the meat juice

antibody-ELISA test. Released fluid was collected from the bottom of the tubes after

24 h of thawing, then approximately 1.5 ml of fluid was transferred into 2 ml reaction

tubes with sterile pipet, and stored at –20 °C until use.
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3.1.1.3 Methods

For the analysis of the various samples PCR technique, cultural methods and antibody-

ELISA test were used.

3.1.1.3.1 Polymerase chain reaction (PCR) technique

To analyze the pre-enriched jejunum with mesenteric lymph node samples as well as

the tonsil samples the PCR technique was used after extraction of the DNA by the

CTAB method. Following the PCR the detection of the amplificates was done by an

agarose gel-electrophoresis.

3.1.1.3.1.1 DNA extraction using Cetyltrimethylammonium bromide (CTAB)

The extraction and cleaning of the DNA was done with CTAB and chloroforme as

well as alcohol and a salt out of the incubated pre-enrichment media (BPW). From

each sample the under 3.1.1.2.1 prepared 2 ml reaction tubes containing 1.5 ml of the

incubated BPW were thawed over-night. The single steps of DNA extraction were as

follows:

1. The 2 ml reaction tube (Eppendorf®) was centrifuged at 4 °C, 10,000 rounds per

minute (rpm) for 10 min., then the supernatant was discarded.

2. 1 ml CTAB-buffer (81.8 g Sodiumchloride, 20.0 g Cetyltrimethyl ammonium

bromide, 12.1 g Tris-base, 5.8 g EDTA, aq. bidest. ad to 1 litre, pH 8.0) was

added and the bacteria pellet resuspended with the pipette and slight swirling.

3. 50 µl of lysozyme (10 mg/ml) and 50 µl of rnase (20 mg/ml) was added and the

preparations were incubated at 37 °C for 1 h after vortexing.

4. After that 25 µl of proteinase K (20 mg/ml) were pipetted, vortexed and the 

reaction tube was incubated at 65 °C for 1 h.

5. The DNA was separated by adding 1 equivalent volume (about 900 µl) of

chloroform, the tube mixed by vigorous shaking and centrifuged at 14,000 rpm

15 min.
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6. Carefully the top (aqueous) phase containing DNA was transferred into a new

labled reaction tube and step 5 was repeated until no interphase could be seen

any more.

7. DNA was precipitated by adding 1 equivalent volume (about 700 µl) of 2-

propanol and 0.1 volume (about 70 µl) of sodium acetate, the liquid mixed by

inversion of the tube before incubating it at room temperature for 30 min.

8. The DNA was pelleted by centrifugation at 14,000 rpm for 15 min., the

supernatant was discarded.

9. With 500 µl of 75 % ethanol the pellet was washed, recentrifuged at 14,000 rpm

for 5 min. and after that the supernatant removed.

10. The pellet was dried in a heatblock at 60 °C for 30 min.

11. In the end the DNA was resuspended in 100 µl of 0.2 % TE buffer (1xTE 

buffer: 10 ml of 1 M Tris, pH 8.3 and 2 ml of 0.5 M EDTA, pH 8.0 aqua dest ad

1 liter) (all reagents by Co. Carl Roth, Karlsruhe, Germany).

Some of each product was tested for the amount of DNA by electrophoresis on a 1 %

agarose gel containing ethidium bromide, and visualized by use of a UV

transilluminator (Whatman Biometra, Göttingen, Germany). The samples containing

too much DNA were diluted 1:10 in TE buffer before use. The diluted DNA sample

was kept at 4 °C until use and frozen at –25 °C for storage.

3.1.1.3.1.2 Polymerase chain reaction

The primers ST11 / ST15 (AABO et al., 1993) were used for the Salmonella spp.

detection. Table 3.1 shows the sequence of primers in our study, both illustrated from

the 5´ to 3´end.
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Table 3.1: The primer sequences (AABO et al., 1993).

Name                                                            Sequences  from 5´ to 3´
Primer ST 11                                    AGC CAA CCA TTG CTA AAT TGG CGC

Primer ST 15                                    GGT AGA AAT TCC CAG CGG GTA CTG

The primer pair ST11 / ST15 amplified a highly conservated region of Salmonella

spp., the typical product has a length of 429 base pairs (bp). The examination was done

by using a pre-mastermix containing the mentioned primers (SAL C/A Module,

Hanse-Analytik, Bremen, Germany). According to the instructions of the producer, the

PCR was set up as shown below:

1. A 19.84 µl of the pre-mastermix containing all components apart from the

polymerase were brought together with 0.16 µl of a hot start taq DNA

polymerase (HotStar Taq Polymerase, Qiagen, Hilden, Germany) and then 5.0

µl of the DNA samples was added into the micro reaction tube.

2. The reaction was started with 15 min. of 94 °C and then run for 40 cycles of 30

seconds at 94 °C, 60 seconds at 60 °C, and 80 seconds at 72 °C in a thermo-

cycler (GeneAmp PCR, Applied Biosystems, Germany).

3. The reaction concluded with a 7 min. extension phase at 72 °C.

3.1.1.3.1.3 Agarosegel electrophoresis

Approximately 10 µl of the amplificated product together with 2 µl of blue loading

buffer were electrophoresed for 30 min. at 200 V on a 2.5 % agarosegel (2.5 g

Rotigarose, Roth, Karlsruhe, Germany in 100 ml TBE buffer) containing 3 µl

ethidium bromide / 100 ml gel in a horizontal gelelectrophoresis system (Horizon 20-

25, GibcoBRL, Invitrogen-Life Technologies, Karlsruhe, Germany). To estimate the

length of the product positive controls, inhibition controls as well as a length marker

(pUC Msp I, Roth, Karlsruhe, Germany) was run in the gel contemporaneously to the

samples.



Materials and methods

49

The visualization was done by use of UV transilluminator (Whatman Biometra,

Göttingen, Germany), and photographed with a camera (Gel Cam, Polaroid, USA). A

positive result was indicated by a 429 bp band on the gel, a negative result was

indicated by lack of a 429 bp band on the gel. Each gel included the product of

amplification of a positive control, a negative control, and the extraction control (as an

additional negative control to look for evidence of contamination of reagents) as well

as inhibition controls.

3.1.1.3.2 Salmonella culture methods

All positive samples in the PCR both in the jejunum with lymph node and the tonsils

were cultured (method L 00-00-20 of the official corpus of the examination methods

according to § 35 Food and Articles of Daily Use Law, 1998) and transferred for

confirmation by sero-typing.

For the culture, an aliquot of 0.1 ml sample from the thawed BPW pre-enrichment in

buffered peptone water was transferred after incubation for 18 h at 37 °C into 10 ml

Rappaport-Vassiliadis enrichment medium and incubated at 42 °C. Too, 10 ml of the

pre-enrichment was transferred into 100 ml of Selenit-Cystine enrichment medium and

incubated at 37 °C. Both inoculated media were kept in incubation for 18 to 24 h.

After incubation, from each enrichment media a loop was streaked on Rambach agar

plates and Brilliant-green phenol-red lactose sucrose (BPLS) agar plates. Plates were

incubated 24 h at 37 °C as well as the enrichment media into their incubation

temperature for another 24 h and again plated onto the selective agars. Suspect

colonies having typical appearance of Salmonella were transferred to standard I

nutrient agar plates and incubated at 37 °C for further 18 to 24 h (all agar and media

by Merck, Darmstadt, Germany).

Considering method L 00-00-20, colonies on the standard I agar plates were

biochemically confirmed using the triple sugar iron (TSI) agar and the urease test and

serologically confirmed using the slide agglutination Salmonella antiserum test
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(Salmonella Test Sera omnivalent/polyvalent, Dade Behring Marburg GmbH,

Marburg, Germany). Single colonies of the standard I agar plates were tested with both

confirmation methods. The triple sugar iron agar (TSI): suspect colonies were

transferred into and on the TSI agar in a 10 ml tube with a sterilized bacterial loop.

The medium was inoculated by stabbing into the centre of the butt and continuing

down to the base and then streaking the inoculum onto the slope. Tubes were

incubated 24 h at 37 °C. Salmonella gave hydrogen sulphide (black) in TSI and

alkaline (red) on the slope of TSI media

The urease test: suspect colonies were transferred into the urease agar in a 10 ml tube

with sterilized bacterial loop. The medium was inoculated by stabbing the loop into the

centre of the butt and continuing down to the base and then streaking the inoculum on

the slope. Tubes were incubated 24 h at 37 °C. Salmonella did not hydrolyse urea.

Serological analyzations of suspect Salmonella colonies were done with the

omnivalent/polyvalent Salmonella Test Sera (Dade Behring Marburg GmbH, Marburg,

Germany).

Composition of Test Sera: the omnivalent and polyvalent (I, II, III) Salmonella Test

Sera manufactured by Dade Behring GmbH (Marburg) are obtained from immunized

rabbits. The sera are prediluted ready for use, and contain agglutinins against the

antigen factors and combinations of all species of the following groups:

omnivalent      (ORMV 11)                        A-60

polyvalent I     (ORMT 11)                        A-E4

polyvalent II    (ORMU 11)                        F-60

polyvalent III   (ORMW 15)                      61-67

Preservatives:

Phenol                            5.0 g/l

Sodium p-ethyl-mercury-mercapto-benzene-sulfonate  max. 0.2 g/l

or Sodium ethyl-mercury-thio-salicylate                       max. 0.1 g/l
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After confirming the Salmonella suspect colonies by the biochemical and serological

methods, one colony was transferred into transportation media and sent for further

sero-typing to the Federal institute for Health Protection of Consumers and Veterinary

Medicine ( BgVV, Berlin, Germany).

3.1.1.3.3 Meat juice antibody-ELISA test

All muscle juice samples were analyzed in the Salmotype meat juice-ELISA (Labor

Diagnostik GmbH, Leipzig) which detects Salmonella antibodies to the O-antigenic

factors 1, 4, 5, 6, 7, and 12. The test was carried out according to the manufacturer’s

instructions. The following procedure was carried out:

1. All reagents and the antigen-coated microtiter plate were incubated at room

temperature (18-23 °C) and protected from the light.

2. The meat juice sample was diluted 1:30 with a buffer (10 µl meat juice + 290 µl

buffer) in a 2 ml reaction tube.

3. Each ELISA test has 5 controls with different Salmonella antibody

concentrations including a negative control.

4. 100 µl of the control sera and 100 µl of the test sera were pipetted into the well

of the antigen-coated microtiter plate and incubated for 1 h at room

temperature.

5. Then washing 3 fold with 100 µl washing buffer and good drying followed.

6. 100 µl antibody conjugate were added and incubated for 1 h at room

temperature.

7. Washing 3 times with 100 µl washing buffer and dry well.

8. Then, 100 µl tetramethylbenzidine (TMB) substrate was pipetted into each well

and incubated exactly 7 min at room temperature.

9. The colour reaction was stopped by adding 100 µl stop solution (HCl).

10. The extinction of the samples and controls were measured at wavelength 450

nm and results read in an ELISA reader (Tecan, Crailsheim, Germany).



Materials and methods

52

11. The results of the meat juice ELISA were analyzed with software and the

standard curves were determined based on the measured control sera

extinctions. The concentrations of the control sera were given a linear

regression.

12. The antibody values of the unknown samples were calculated.

13 Sample antibody titer >40% (cut-off value of OD% >40) was registrated as

Salmonella spp. antibody positive.
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3.2 Investigation on farms

Based on the serological results of the antibody-ELISA test, two farms were selected.

One farm with a high serological prevalence of Salmonella positive animals: farm F13,

a category II farm (20-40 % of sero-positive pigs) and another farm with a low

serological Salmonella prevalence: farm F11, a category I farm (with <20 % sero-

positive pigs).

3.2.1   Animals and materials

According to their serological meat juice antibody status, two fattening farms (F11 and

F13) were selected and visited four times each. A questionnaire was used to obtain

information on conditions accompanying the growing of the farm animals. The

questions were focused on the characteristics of the farm, housing system,

management, feeding, animal’s health, and hygiene measures including cleaning and

disinfection procedures. The investigation included bacteriological examinations of

pen floor swabs, faecal and feed samples as well as serological examinations of  blood

serum samples by antibody-ELISA. A survey of the samples taken on each sampling

day and the preparation and examination in the laboratory gives Figure 3.3. One day

previous to the arrival of new piglets or weaners on both farms (after disinfection), the

floor of the animal’s pens as well as the feed were tested for contamination with

Salmonella using swabs or feed samples respectively (sampling day 0). One day after

the arrival of a new batch of pigs, again floor swabs from each pen, feed as well as

faeces samples from each stall were taken for investigation of Salmonella

contamination (sampling day 1). At the same time blood was collected from the

jugular vein of 20 randomly selected piglets (5 animals out of 4 pens each). The 20

pigs were marked for identification on the following sampling days. Blood samples

were taken on three further sampling days during the fattening period. The collection

schedule for the pen floor swabs, faeces, feed and blood samples at the different

sampling days on each farm is shown in Table 3.2.
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Table 3.2 : Schedule of sampling days and the kind of samples collected on each farm

or in the slaughter house.

 age/weight                    farm F11                                         farm F13

 of animals    sampling day           samples       sampling day               samples

0 pen floor swabs           0                   pen floor swabs

feed                                                 feed

 3-4 weeks                                       X                      1                   pen floor swabs

 feed

 faeces

 blood

 ~35 kg               1              pen floor swabs                                          X

 feed

 faeces

 blood

 35-65 kg             2              pen floor swabs           2                   pen floor swabs

 feed                                                   feed

 feces                                                 feces

 blood

 65-120 kg            3             pen floor swabs            3                   pen floor swabs

 feed                                                    feed

 feces                                                  feces

 blood                                                  blood

 slaughter             4                   jejunum                  X                             X

 tonsil

 muscle

X: no sample taken



Materials and methods

55

(different farms and randomly selected animals)
from EU-standards slaughterhouse

Fig. 3.3: Scheme of sample collection on two different farms and preparation of

 samples in the laboratory for the analysis of Salmonella contamination.

Two fattening farms
 one with a high serological positive Salmonella prevalence (Category II farm)

and one with a low prevalence (Category I farm)

Pooled                   10g                      25g
Pen floor swabs          faeces                   feed

buffered peptone water
(1:10, w:w)

37 °C 18 h +- 2 h

100 ml                                       10 ml
Rappaport-Vassiliadis            Selenit-Cystine

42 °C  18 h +- 2 h               37 °C  18 h +- 2 h

BPLS agar and Rambach agar
37 °C  18 h +- 2 h

Biochemical and serological
 identification

Serotyping

BgVV, Berlin

2-3 ml blood

centrifuged
5000 rpm 5 min.

serum

dilution 1:400 with buffer

serum antibody ELISA
(Labor Diagnostik GmbH)

ELISA reader, 450 nm

OD >40% = posiive result

OD <20%, = negative result

 OD 20-40% = negative result
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The owner of farm F11 gets his animals with appoximately 35 kg whereas

examinations started at this weight of the animals. On farm F13 the animals arrived as

piglets of 3-4 weeks of age, the first sampling therefore started on this farm at that age

of the pigs. After the third sampling of the pigs on farm, the animals were also

accompanied on the day of slaughter.

In the slaughter house, from the 20 pigs selected for further examination, the known

samples ( jejunum with lymph node and tonsils) as well as diaphragm pillar muscle for

meat juice antibody-ELISA were taken for screening on Salmonella contamination.

Animals of farm F13 could not be tested because they were taken without notice to

slaughter. Therefore slaughter samples from animals of farm F11 were collected only.

3.2.1.1 Sample collection and preparation for analysis

3.2.1.1.1 Pen floor swab samples

From 5 different areas of each pen floor 500 cm2 were sampled altogether by sterile

moppet sponge (Copen innovation, Italy), moistened with buffered peptone water

(BPW). After sampling, the swabs of each pen were pooled and placed into a labled

sterile plastic bag (Stomacher bag, Seward), which was closed and immediately put

into a coolbox.

At laboratory, the pen floor swab samples from three pens each were pooled (1,500

cm2) to 4 groups according to the grouping of the animals for blood collection. The

swabs were transferred into a sterile plastic bag (Stomacher bag, Seward), and 100 ml

BPW water was added. The bags were closed, vortexed in vortexion machine for 2

minutes, and incubated at 37 °C in an incubator for 16-20 hours. An approximate

aliquot of 1.5 ml was transferred twice into marked 2 ml reaction tubes (Eppendorf®),

and stored in the freezer at –20 °C until use.
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3.2.1.1.2 Faeces samples

Approximately 500 g of faeces collected from the rectum of different animals in each

group (3 pens per group) or from the pen floor (5-6 times 100 g faeces, approximately

two samplings per pen) and were brought into a labled sterile plastic bag (Stomacher

bag, Seward), which was closed and immediately put into a coolbox.

The 500 g faeces sample was mixed mechanically and out of this 10 g were weighed

into a sterile plastic bag (Stomacher bag, Seward), and 90 g BPW was added into the

bag. The bag was closed, vortexed in vortexion machine for 2 min., and incubated at

37 °C in an incubator for 16-20 hours. An approximate aliquot of 1.5 ml was

transfered twice into marked 2 ml reaction  tubes (Eppendorf®), and stored at –20 °C

until use.

3.2.1.1.3 Feed samples

About 100 g of feed was collected from 5 different points in the container and pooled

into a labled sterile plastic bag (Stomacher bag, Seward), which was closed and put

into a coolbox.

25 g of the mixed feed sample was weighed into a sterile plastic bag (Stomacher bag,

Seward), and suspended in 225 ml buffered peptone water. The bags were closed,

vortexed and processed in the same way as the samples before.

3.2.1.1.4 Blood samples

A total of 20 blood samples per sampling day were obtained from 5 different pigs in 4

pens each on both farms. Approximately 2-3 ml of blood was collected from the

jugular vein with a 5 ml disposible syringe (Omnifix®, B. Braun Melsungen AG,

Melsungen, Germany) and a sterile needle (Terumo®, Terumo Europe N.V., Leuven,
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Belgium) and poured into a 5 ml labled sterile plastic tube, which was closed and

immediately put into a coolbox.

The blood in the 5 ml tube was transferred into a 5 ml glas tube and centrifuged at

5,000 rpm for 5 min. Carefully the serum was removed and deposited into a new 2 ml

labeled reaction tube (Eppendorf®), and stored at –20 °C until use.

All the samples were analyzed in the Center for Food Science, Section for Food, Meat

Hygiene and Technology of the School of Veterinary Medicine Hannover after a

transportation of 3 hours maximum.

3.2.2 Methods

3.2.2.1 Salmonella spp. culture methods

All the pen floor swabs, faeces, and feed samples were detected for Salmonella spp. by

microbiological culture methods (method L 00-00-20 of the official corpus of the

examination methods according to § 35 Food and Articles of Daily Use Law, 1998).

The same procedure as described in 3.1.1.3.2 was chosen.

3.2.2.2 Serum antibody-ELISA test

All samples of blood serum were analyzed in the Salmotype-ELISA (Labor

Diagnostik GmbH, Leipzig) as described in 3.1.1.3.3 for the examination of meat juice

samples. The only difference in the procedures according to the manual is the dilution

of the samples. Blood serum samples were diluted 1:400 (1 µl serum + 399 µl buffer)

rather than 1:30. The following steps stayed the same, as well as the cut-off value (OD

% >40).
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3.3 Statistical methods

Logistic regression analysis was used in percentage of PCR technique and antibody-

ELISA results with Microsoft Excel® 97 for Windows. The significance (p<0.05) of

the associations between 2 sample groups of PCR technique, antibody-ELISA test

results and between the results of jejunum with lymph node and tonsil samples were

tested for using the Chi-squared test (SAS-Release 6.12, SAS-Institute, Heidelberg).
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4 Results

4.1 Investigation at the slaughter house

383 slaughter pigs (n) from 32 different farms (F1-F32) were examined for Salmonella

contamination in jejunum with lymph node and muscle samples. The samples were

taken in a slaughter house run according to EU standards on 12 different examination

days. From the last 129 (nT) pigs (sampling days 9-12) of the 383, apart from the

jejunum with lymph node and muscle samples also tonsil samples were collected. The

jejunum with lymph node and tonsil samples were investigated for Salmonella spp.

DNA by PCR technique. The diaphragm pillar muscle samples were investigated in a

meat juice antibody-ELISA test.

4.1.1 Results from examinations using PCR technique

4.1.1.1 Result of Salmonella -DNA detection from jejunum with

mesenteric lymph node samples

Figure 4.1 shows on the left side the results of the Salmonella DNA detection of all

383 slaughter pigs (n) in jejunum with lymph node samples using the PCR technique.

In the right part of the figure the percentage of the PCR positive (13.2 %, 17 animals)

and PCR negative (86.8 %) samples in the group of the last 129 pigs (nT) is shown.

From all 383 investigated pigs in the slaughter house 63 animals (16.4 %) were

Salmonella positive. Comparing the ratio of the positive and negative results in both

groups by means of the Chi-square test no significant difference (p=0.702) can be

seen.
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PCR positive
PCR negative

Fig. 4.1: Percentage of Salmonella positive results from jejunum with lymph node
 samples by PCR technique (n=383 pigs; nT=129 pigs).

4.1.1.2 Result of Salmonella -DNA detection from the tonsil samples

Figure 4.2 shows the percentage (15.5 %, 20 animals) of PCR positive Salmonella

DNA samples taken from the tonsils of the 129 pigs at sampling days 9-12.

Detection of Salmonella  spp. (tonsils)

PCR positive
PCR negative

Fig. 4.2: Percentage of Salmonella positive results from tonsil samples by PCR
 technique (nT=129).

15.5%

84.5%

Detection of Salmonella spp. (jejunum with lymph node)

n = 383 nT = 129

83.6%

13.2%16.4%

86.8%
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Table 4.1 shows the number and distribution of PCR positive jejunum and tonsil

samples from the group of examined 129 pigs (sampling days 9-12). 17 pigs (13% of

129) were tested positive in the jejunum samples, in 20 animals (16% of 129)

Salmonella DNA could be found on the tonsils. More than 75 % (98 pigs) of the 129

investigated animals from the slaughtering days 9-12 were Salmonella spp. negative

(both in jejunum with lymph node (Jejunum -) and tonsil (Tonsil -) samples) by PCR

technique, and 5 % (6 of 129 animals) had Salmonella spp. positive results in both

kind of samples (Jejunum +, Tonsil +).

Table 4.1: PCR results of jejunum with lymph node and tonsil samples by PCR

 technique in 129 pigs of sampling days 9-12.

number   number   Jejunum     Tonsil                                  PCR results
 of of positive     positive     Jejunum +* Jejunum + Jejunum –# Jejunum–
 farms     animals    animals     animals      Tonsil +     Tonsil –     Tonsil +       Tonsil –

 12          129       17 (13 %)   20 (16 %)        6               11               14                98

*+ : Salmonella positive in PCR; #– : Salmonella negative in PCR

Salmonella positive animals came from 6 out of 12 farms only. In pigs from 5 farms

Salmonella species were found in jejunum, lymph nodes and tonsils. Tonsils of pigs

from one farm (farm F31) reacted positive while jejunum and lymph nodes were

negative. It is interesting to note that the animals of farm F31 were delivered to the

slaughter house the same day as animals from farm F32, a farm with many jejunum

positive pigs (see Appendix A), but slaughtered later. Pigs from both farms used the

same waiting pens in lairage.
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Table 4.2 shows the results of 12 farms during the sampling days 9 to 12. Six farms

were Salmonella spp. negative in jejunum with lymph node and tonsil samples by PCR

technique. Farm F32 had the highest percentage of DNA-positive findings from

jejunum and lymph node samples (7 of 12 animals, 58 %). Farm F26 had the highest

percentage of DNA-positive results in tonsil samples (4 of 12 animals, 33 %). Usually,

animals which were positive in the jejunum reacted also positive in tonsils. The only

exception are the pigs of farm F31 which were slaughtered directly after the animals of

farm F32 using the same lairage pens. It seems possible that the pigs of Farm 31 may

have taken up Salmonella which had been excreted by the animals of Farm 32 before.

However, such a transmission of infective agents does not seem to happen

automatically. The example is given by the transports from farms 26 to 29. The

animals from these farms were transported on the same transporter at the same time, in

different pens (see Table 4.2 and Table 4.8).

Table 4.2: Results of the jejunum with lymph node and the tonsil samples by PCR

 technique (only the last 12 examined farms and the last 4 sampling days;

 nT=129 pigs).

 Sampling   Name     Number     jejunum with lymph node                   tonsil
 day      of farm   of animals         positive        negative        positive        negative

 9 F13           10                   1                     9                   1                   9
 F24           11                   5                     6                   2                   9
 F25           11                   0                    11                  0                  11
 10 F26           12                   3                     9                   4                   8
 F27           13                   0                    13                  0                  13
 F28             9                   0                     9                   0                   9
 F29             2                   0                     2                   0                   2
 11 F30             3                   0                     3                   0                   3
 F31             5                   0                     5                   2                   3
 F32           12                   7                     5                   3                   9
 12 F11           40                   1                    39                  8                  32
 F10             1                   0                     1                   0                   1

 Total          12            129                 17                  112               20                109
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The animals of farm F26 had 3 positive jejunum with lymph node samples and 4 tonsil

samples, the other pigs remained negative. The results show how complex the

mechanisms of Salmonella transmission are.

4.1.2 Results from examinations using an antibody ELISA test

4.1.2.1 Result of Salmonella antibody detection from muscle samples

All muscle juice samples were analyzed in the Salmotype meat juice-ELISA (Labor

Diagnostik GmbH, Leipzig) (cut-off value of OD% >40). Figure 4.3 shows the results

of the meat juice analysis. The percentage of Salmonella positive animals is giving for

all 383 (left side) and for the selected 129 pigs. Nearly the same proportion out of both

groups (7 %, 7.8 % resp.) are sero-positive.

Fig. 4.3: Percentage of Salmonella spp. results from muscle samples by meat juice

 antibody-ELISA (n=383 pigs; nT=129 pigs).

sero-positive
sero-negative

Salmonella antibody ELISA (meat juice)

93.0%

7.8%
7.0%

92.2%

n = 383 nT =129
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4.1.3 Results from antibody-ELISA test and PCR technique

Table 4.3 compares the results obtained with the meat juice antibody ELISA and PCR

technique from jejunum with mesenteric lymph node. More than 79 % (304) of all 383

tested slaughter pigs are Salmonella spp. negative in both antibody ELISA test and

PCR technique. Only 3 % (11) were Salmonella sero-positive in both tests. 27 animals

(7 % of 383) were sero-positive. Of these, 11 animals were found positive in the PCR

too, this is a share of 41 % of the 27 animals. Using the PCR technique 63 animals (17

% of 383) reacted positive, the share of the 11 animals comes to 27 % of 63 animals,

only.

Table 4.3: Salmonella positive results in meat juice by antibody ELISA and. from in

 jejunum with mesenteric lymph node by PCR technique (n=383 pigs).

number       ELISA        PCR* ELISA and PCR*

of           positive      positive         ELISA – # ELISA +°   ELISA +    ELISA –
animals      animals     animals          Jejunum –   Jejunum+   Jejunum –  Jejunum +

 383 27 (7 %)    63 (17 %)     304 (79 %)   11 (3 %)    16 (4 %)    52 (14 %)

* : positive in jejunum with lymph node

°+ : positive result, #– : negative result

The results demonstrate that different tests on Salmonella spp. can give different

results, because they are based on different principles. Also the location of the

Salmonella in the animal is of importance. Salmonella may be found in the lymph

nodes of the intestines but not on the tonsils or vice versa. An example is given in

Tables 4.4 and 4.5 where the results of the antibody ELISA (meat juice) are compared

with results obtained by PCR technique investigating jejunum with lymph nodes

(Table 4.4) and tonsil (Table 4.5).

When looking at the last 129 animals, again about 80 % (103 of 129 animals) were

Salmonella spp. negative with both antibody ELISA test and PCR technique, and only

one pig was positive with both testing procedures. 16 pigs (12 %) showed positive



Results

66

results by PCR technique but were negative in the antibody ELISA. On the other hand,

9 animals (7 %) showed positive results in the antibody ELISA but were negative in

PCR technique.

Table 4.4: Salmonella spp. positive results of the last 129 pigs (nT=129) in meat juice

by antibody ELISA and by PCR technique in jejunum with lymph node samples.

 number         ELISA             PCR* ELISA and PCR*

of              positive          positive       ELISA –# ELISA +°    ELISA +    ELISA –
 animals         animals          animals       Jejunum –  Jejunum +  Jejunum –  Jejunum +
 129 10 (8 %)      17   (13 %)  103 (80 %)   1 (1 %)     9 (7 %)      16 (12 %)

* : positive in jejunum with lymph node

°+ : positive result, #– : negative result

Table 4.5 gives a comparison of the results obtained from the meat juice analysis

(ELISA) and the investigation of tonsils (PCR technique). 105 animals (81 %) were

negative in both test. 11 % (14 pigs) were positive tested by the PCR technique, but

not in the antibody ELISA. On the other hand 3 % (4 pigs) were positive in the

antibody ELISA, but not in the PCR test. 5 % of the animals (6) reacted positive in

both tests.

Table 4.5: Results from meat juice antibody ELISA and Salmonella spp. DNA from

 tonsil samples by PCR technique (nT=129 pigs).

 number        ELISA           PCR* ELISA and PCR*

of              positive        positive           ELISA –# ELISA +°   ELISA +   ELISA –
 animals         animals        animals           Tonsil –      Tonsil +     Tonsil –     Tonsil+
 129 10 (8 %)     20 (16 %)        105 (81 %)   6 (5 %)     4 (3 %)     14 (11 %)
* : positive in tonsil

°+ : positive result, #– : negative result
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In Table 4.6 the results of the meat juice analysis (ELISA) and the investigation of the

jejunum and the tonsils (both with PCR) are summarized. More than 72 % (94 of 129

animals) show Salmonella spp. negative results with both antibody ELISA test and

PCR technique. 6 pigs (5 %) have Salmonella positive results with both procedures.

About 25 pigs (19 %) have Salmonella positive results by PCR technique but give

negative results by antibody ELISA. On the other hand 4 animals (3 %) showed

positive results by antibody ELISA but give Salmonella negative results by PCR

technique.

Table 4.6: Results from meat juice antibody ELISA and Salmonella spp. from jejunum

 with lymph node and tonsil samples by PCR technique (nT=129 pigs).

 number         ELISA          PCR* ELISA and PCR*

of             positive        positive           ELISA –# ELISA +°    ELISA +   ELISA –
 animals        animals        animals               PCR –         PCR +        PCR –      PCR +
 129 10 (8 %)       31 (24 %)      94 (73 %)       6 (5 %)      4 (3 %)    25 (19 %)

* : positive in jejunum with lymph node or tonsil or both

°+ : positive result, #– : negative result

Again, there is no single method to detect Salmonella contamination of pigs. A

positive or negative result depends on the location of the organ where the sample is

coming from, the time of sampling after the infection or contamination (this time is

usually unknown) took place and the nature of the analytical procedure which is

fundamentally different in the various tests.

Therefore it seems useful to apply two or more tests to be on the safe side. Table 4.7

gives the list of farms (F1 to F32) which delivered animals to the slaughter house, the

number of pigs which were investigated on Salmonella and the number of pigs which

were positive tested either in the ELISA (meat juice samples) or the PCR or both.

Animals from 18 farms (56 %) were obviously free of Salmonella, on the basis of the

tests performed. In two cases the ELISA was positive and the PCR was negative, in

seven cases, it was the other way round. Animals from four farms (F11, 13, 15, 32)

were positive in both tests. In general there were distinctly more pigs tested positive by
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PCR (jejunum samples) than by the ELISA. The only exception were the 5 pigs of

farm F11.

Table 4.7: Number of farms, number of tested animals per farm, number of pigs being

tested positive in ELISA and PCR.

 Name                 number of                  ELISA                              PCR
of farm                 tested pigs         (meat juice sample)          (jejunum sample)

 pigs    (%)                     pigs   (%)
F1 10                          0      (0)                        0      (0)

 F2 19                          0      (0)                        0      (0)
F3                            9                          0       (0)                       0      (0)
F4                            2                          0       (0)                       0      (0)
F5                            8                          0       (0)                       0      (0)
F6                            5                          0       (0)                       0      (0)
F7                            3                          0       (0)                       0      (0)
F8                            4                          0       (0)                       0      (0)
F9                            7                          0       (0)                       0      (0)
F10                         20                         0       (0)                       0      (0)
F11                         53                         5      (9.4)                     1    (1.9)
F12                         24                         0       (0)                       0      (0)
F13                         55                        16    (29.1)                   25   (45.5)
F14                          2                          0       (0)                       1    (50.0)
F15                          9                          1    (11.1)                     5    (55.6)
F16                         10                         0       (0)                       4    (40.0)
F17                          7                          0       (0)                       1    (14.3)
F18                          2                          0       (0)                       0      (0)
F19                          5                          0       (0)                       0      (0)
F20                          4                          2    (50.0)                     0      (0)
F21                          9                          0       (0)                       0      (0)
F22                         31                         0       (0)                       7   (22.6)
F23                          7                          0       (0)                       4    (57.1)
F24                         11                         0       (0)                       5    (45.5)
F25                         11                         0       (0)                       0      (0)
F26                         12                         0       (0)                       3    (25.0)
F27                         13                         1      (7.7)                     0      (0)
F28                          9                          0       (0)                       0      (0)
F29                          2                          0       (0)                       0      (0)
F30                          3                          0       (0)                       0      (0)
F31                          5                          0       (0)                       0      (0)
F32                         12                         2    (16.7)                    7    (58.3)
Total                      383                       27    (7.0)                    63   (16.5)
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Fore more aspects canbe considered. Table 4.8 lists the test results in relation to the

sampling day and whether the pigs were collected from several farms (collective

transport) or came directly from one farm (single transport). The sampling day doesn’t

seem to have a clear influence. During the first five sampling days no positive pigs

were seen. On days six and eight there were positive animals in all five and three

delivered groups of pigs. On the other five sampling days (7, 9, 10, 11, 12) both

positive and negative animals were delivered.

There was no clear relationships between the contamination of the pigs with

Salmonella and the type of transport. Pigs of 10 single transports coming directly from

one farm and pigs of 12 of the collective transports were negative.

Because of the survey character of this field study we had no influence when and how

often the different farms delivered pigs to this slaughter house. Nevertheless, there

were some farms which delivered twice or even more frequently animals. Both

collective transports from Farm F2 and both single transporst from farm F10 remained

negative. Farm F11 delivered in a collective transport Salmonella  free pigs and later

in a single transport 5 positive tested animals. Farm F13 delivered four times pigs in

single transports. In all batches positive animals were found. These findings suggest

that there might be a general Salmonella problem in the farm.



Results

70

Table 4.8: Test results (ELISA test and PCR) in relation to farms (F1-F32), the

 kind of transportation to slaughter and the sampling day.

Sampling      Name     number         Transport       ELISA +       PCR +       Both +
Day       of farm   of animals
1 F1         10               collective            0                  0                0

 F2            6                collective           0                  0                0
 F3            9                collective           0                  0                0

 2 F4            2                   single              0                  0                0
 F5            8                   single              0                  0                0
 F6            5                   single              0                  0                0

 F7            3                   single              0                  0                0
 3 F8            4                collective           0                  0                0

 F9            7                collective           0                  0                0
 F10         19                  single              0                  0                0

 4 F11         13               collective           0                  0                0
 5 F12         24                 single               0                  0                0
 F2           13               collective           0                  0                0
 6 F13         17                   single             5                 14               5

 F14          2                    single             0                  1                0
 F15          9                collective           1                  5                1
 F16         10               collective           0                  4                0

 F17          7                collective           0                  1                0
 7 F18          2                collective           0                  0                0

 F19          5                collective           0                  0                0
 F20          4                collective           2                  0                0

 F21          9                collective           0                  0                0
 F13         18                 single               7                  7                3
 8 F22         31                 single               0                  7                0
 F23          7               collective            0                  4                0
 F13         10                 single               2                  3                1
 9 F24         11                 single               0                  5                0
 F13         10                 single               2                  1                0

 F25         11                 single               0                  0                0
 10 F26         12              collective            0                  3                0

 F27         13              collective            1                  0                0
 F28          9               collective            0                  0                0
 F29          2               collective            0                  0                0

 11 F30          3                  single               0                  0                0
 F31          5                  single               0                  0                0
 F32         12                 single               2                  7                1

 12 F10          1                  single               0                  0                0
 F11          40                single               5                  1                0

Total             32          383                    -                 27                63              11



Results

71

4.1.4 Categorization of the farms by antibody-ELISA results

As explained earlier, a system is commonly used to characterize and categorize the

Salmonella status of pig farms according to the antibody status of their pigs by means

of the meat juice ELISA. The pigs are tested directly after slaughter. If the amount of

positive animals surpasses 40 %, the farm is placed in category III. In this case the

sources of contamination have to be detected and measures have to be taken to

eliminate these factors. Salmonella prevalences of 20-40 % lead to the classification as

category II farms, which means that the farm management has to be advised by

veterinarians and that further measures have to be taken, if necessary. Prevalences

beneath 20 % require no special measures and the respective farm is placed in category

I (POLTEN et al., 1999).

Pigs of six farms out of the 32 (nF) investigated farms were identified Salmonella spp.

positive by the antibody meat juice ELISA. The 40 % cut off (category III) was

exceeded for one farm (F20) only, and one farm (F13) was classified in category II.

However, the classification in category III is based on four animals only (F20). Two

were positive, two negative. A more solid estimate is given for farm F13 where 16 out

of 55 animals were tested positive (category II). All other farms belong to category I

(<20 % positive antibody ELISA tests). In spite of this rather unbalanced results based

on the ELISA it shows that the antibody ELISA can help to identify farms with

Salmonella problems. The farm F13 makes up for 59 % of the total Salmonella

seropositive results of all pigs tested with the ELISA.

4.1.5 Salmonella sero-typing results

Table 4.9 shows the results of some sero-typing which was carried out for a small

selection of Salmonella positive samples to get a closer idea on the species and

subgenus. Samples were taken of farms (F24, F26, F32) which had delivered pigs

reacting positive in the PCR test (jejunum with lymph node and tonsil samples). A

total of 6 samples was sent for typing to the Federal Institute for Health Protection of

Consumers and Veterinary Medicine (BgVV, Berlin).
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Table 4.9: Salmonella sero-typing results.

 Sample        Name                        jejunum                                    tonsil
 number* of farm                        sample                                     sample

 6 F24                       S. subgenus I                         S. subgenus I
 33 F26                       S. subgenus I                         S. subgenus I
 37 F26 S. subgenus I                         S. subgenus I
 38 F26 S. subgenus I                         S. subgenus I
 83 F32                         S. Derby                            S. Typhimurium
 86 F32                         S. Derby S. Derby

* : See Appendix A

S. subgenus I was found four times (Farms 24 and 26). Three times S. Derby was

found. On the tonsils of pig sample no. 83 S. Typhimurium was detected. These results

show that the ELISA and PCR techniques can give the information that a Salmonella

contamination has taken place. They can’t give the species or subgenus. For

epidemiological and also prevention measures it is sometimes useful to know the

subspecies.
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 4.2 Investigations on farm level

The results obtained with the ELISA and the PCR tests showed that pigs tested

positive on Salmonella come from 13 different farms. Within the scope of this

investigation it was not possible to investigate all 13 or 32 farms. To gain some

orientation two farms were selected, one with a rather high Salmonella prevalence

(F13, categorized II) and one with a low prevalence (F11, category I). Samples were

taken from pen floors, faeces and feed. From 20 piglets blood samples were taken.

Important details of the farms on housing, management and feeding are briefly

summarized in Table 4.10. Farm F11 started always with 400-500 young pigs

weighing approximately 35 kg, whereas on farm F13 about 1000 weaners were kept on

flat decks and moved later to a finishing house with approximately 35 kg. Both farms

buy in the piglets from approximately 6-9 breeders.

Table 4.10: Some details on housing, management and feeding of farms F11

 (category I farm) and F13 (category II farm).

 Parameter                                           Farm F11                                 Farm F13

 Housing system
 -m2 / animals                                     0.9 - 1.0                                     0.9 - 1.0
 -animals / pen                                      12-15                                        12-15
 -kind of floor                              fully slatted floor                       partly slatted floor

 Management
 -No. of animals on farm                      400-500                                    ~1000
 -origin of animals                            6-8 breeders                             6-9 breeders
 -age of piglets arriving on farm          ~35 kg                                    3-4 weeks
 -system                                            all in all out                               all in all out

 Feeding
 -sort of feed                                 buy + self-product                               buy
 -kind of feed                                    meal, liquid                                  pelleted
 -feeding time                                  3 times / day                                ad libitum
 -water                                                   nippel                                         nippel
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4.2.1 Results of the pen floor swabs, faeces and feed samples from farm

 F11 and F13 and analysed on Salmonella

In both farms samples were taken from pen floors, faeces and feed. In Table 4.11 the

results of the analysis of the various samples are given. On farm F11 no Salmonella

spp. were found in any of the swab samples. On farm F13 one Salmonella spp. positive

sample (pen number 2) on the 3rd sampling day could be detected. This was also true

for three faeces samples originating from pens 2, 3 and 4 on the 3rd sampling day. The

Salmonella were identified as S. Typhimurium DT 104 by sero-typing. All other

samples of both farms were negative.

Table 4.11: Salmonella results of the samples from pen floor swab, faeces and feed of

 farm F11 and F13 by microbiological method.

 Sampling   No.of     pen floor +       No.of          faeces +          No.of           feed +

 day       examin.   F11      F13     examin.    F11        F13     examin.   F11        F13

 samples                          samples                             samples

 

0 4 0 0 X X X 1 0 0

1 4 0 0 4 0 0 1 0 0

2 4 0 0 4 0 0 1 0 0

3 4 0 1 4 0 3 1 0 0

Total         16           0           1          12            0             3           4           0           0

X:  no samples taken
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4.2.2 Results of the blood serum and meat juice samples from farm F11

and F13

In Table 4.12 the results of the blood serum analysis on Salmonella antibodies are

given. The blood samples were taken in the same rhythm as the environmental samples

from the floor, faeces and feed. Sampling day 1 was one day after the arrival of the

pigs on the farm. Sampling day 2 was approximately 14-21 days after sampling day 1.

The 3rd sampling day was done when the pigs weighed about 65-125 kg. The last

sampling took place on the day of slaughter in the abbatoir (sampling day 4).

The 20 tested piglets on farm F13 were all negative with the antibody-ELISA, on farm

F11 4 of the 20 examined animals arrived in the stall with a Salmonella positive titre in

the blood serum. On the third sampling day, 5 animals (25 %) on farm F11 were

seropositive, but only of 3 pigs positive titre matches with sampling day 1 results (see

Table 9.11 in Appendix B). On the fourth sampling day on farm F11 again there were

5 seropositive (meat juice samples) pigs and 3 animals matching in their titre to the

sampling day 3. Only 2 fattening pigs altogether from F11 show seropositive results on

all sampling days. On farm F13, after being all seronegative on day 1, there are 2 pigs

(10 %) giving a positive result in the antibody-ELISA on sampling day 2 and only 1

other animal being sero positive on the sampling day 3 (see Appendix B, Table 9.15).

These few results may indticate that the piglets arriving on farm F11 were already

infected with Salmonella whereas the piglets on farm F13 became contaminated on the

farm.
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Table 4.12: Salmonella seropositive results in blood serum and meat juice samples

 from farm F11 and F13 by antibody-ELISA test.

 Sampling      Kind of         No. of                      F11                                 F13

day            sample          animal          positive animals              positive animals

 1 blood               20                          4                                        0

 2 blood               20                          X                                       2   

 3 blood               20                          5                                        1

 4 meat juice          20                          5                                       X

Total                -                   60                        14                                       3

X:  no samples taken
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5 Discussion

Pork and pork products are one of the main sources for food borne enteric illnesses in

humans caused by Salmonella. To control the risk of infection over the food

production chain, monitoring programmes have been installed in some countries.

Germany is planning the implementation in year 2003. The control programmes

usually employ antibody ELISA tests detecting antibodies in the juice of meat samples

of the slaughter pigs to verify the pig herd prevalences. The fattening houses are

categorized according to the percentage of positive tested animals. However, it is

doubtful whether serotitres from carcasses alone are a reasonable way to give

sufficient information for a proper risk assessment of meat contamination in the

slaughter house. Not everywhere (e.g. The Netherlands) the programmes have led to a

decrease in the contamination rate of pig herds. To be able to understand the risk of

cross-contamination in the slaughter house, it is necessary to compare the antibody

status of the pigs to the actual proof of Salmonella in the animals. Therefore it is

useful, to compare the antibody status of slaughtered pigs with the detection rate of

Salmonella in the intestines and the tonsils, since these two tissues are the most likely

locations to find the bacteria (BLAHA, 2001; SWANENBURG et al., 2001b).

Another opportunity to reduce the contamination of the food chain by Salmonella is to

identify and as far as possible to eliminate the main access of this bacteria to the

fattening houses. The current monitoring programmes do not provide sufficient

specific instructions which enable the farmer to prevent or reduce substantially the risk

of contamination of his herd.

There are two main questions resulting from these considerations:

- Is the antibody ELISA detection a useful tool to identify herds with a

Salmonella problem and does this knowledge help to reduce the risk of

cross-contamination in the slaughter house ?

- Which are the main measures to be taken in fattening houses to sustainably

avoid contamination  ?
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Salmonella detection in the slaughter-house

The results of the present study reveal that 7.04 % of all 383 pigs tested were

Salmonella antibody-positive animals. This is very close to results of similar studies

performed in Germany which found 6.8 % (CZERNY et al. 2001; LUDEWIG and

FEHLHABER, 2000), 7.3 % (VON ALTROCK et al., 2000; EHLERS, 2002) or 7.7 %

(PROTZ et al., 1997) seropositive animals. In spite of the fact that we tested less

animals than the authors above, our results seem to be in good agreement with the

German experiences. In Denmark NIELSEN and WEGENER (1997) found antibody

positive meat juice samples of finishing pigs between 1995 and 1997 varying from 4 to

7%. Until the year 2000 the prevalence declined to 3 % (HALD and ANDERSEN,

2001). Presently, it is not clear whether this success is due to the monitoring

programme installed in Denmark since 1995 or if this is the normal variation in

prevalences. Studies in The Netherlands could not display a reduction of pig herd

prevalences since their programme implementation.

When categorizing the 32 farms in our investigation according to the number of

seropositive tested pigs a rather unbalanced distribution appears. We found 94 %

category I farms (<20 % seropositive animals), 3 % category II farms (20-40 %

seropositive) and another 3 % belonged to category III (>40 % seropositive). This is in

good agreement with EHLERS (2002) who found that 194 (93 %) farms out of 210

had a low Salmonella prevalence (category I), 6 % belonged to category II and 1 % to

category III. Both studies show that only a small number of farms seem to have

problems with Salmonella contamination when investigating the antibody status of the

pig herds with the meat juice ELISA after slaughter. 26 of the 32 farms in our

investigation had no seropositive tested pig at all and belonged to the category Ia (0 %)

described by EHLERS (2002) and ALBAN et al. (2002). These are 81 % of all farms

taken into consideration in our study. However it is important to mention that on some

farms only a limited number of samples was taken. Without disturbing the normal

slaughter routine we were able to take samples of approximately every third animal.

Therefore, from some farms delivering only a small number of pigs we only examined

a few animals. According to VAN DER WOLF et al. (2001) one gets a calculated
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reliability of 95 % of the results when testing 40 animals of each farm, in the

GERMAN GUIDELINES (1998) 60 test animals are recommended for farms with

more than 200 pigs a year. The two fattening houses taken into consideration for our

investigations on the farm were sampled in the slaughter house with 53 and 55 animals

respectively, which is in the range of recommendations.

To detect Salmonella in the slaughter house, at the beginning of the study samples of

the jejunum with mesenteric lymph nodes were taken as recommended in the official

general administration prescription according to the German Meat Hygiene Law

(AVVFlH, chapter IV, No. 4.2.1.6.2, 2002). This is also in accordance with

SWANENBURG et. al. (2001b). Later we included the investigation of tonsils.

Because of the special sampling conditions in the field study it was only possible to

collect tonsil samples from the last 129 pigs which were investigated. Consequently,

two groups were formed, one with 254 pigs and one with the last 129 pigs. The ELISA

results and the PCR results of the jejunum samples from both groups were statistically

compared by means of the Chi-square test. The calculation did not reveal any

significant difference between both groups indicating that a similar distribution may

have happened in the whole group of 383 pigs. Therefore, in the following paragraph

the discussion concentrates on the 129 animals predominantly.

Approximately 25 % of both the tonsil and the jejunum samples of the 129 pigs were

positive in PCR. These are 31 animals in total. Figure 5.1 shows the frequency of the

PCR positive results in jejunum, tonsils and both jejunum and tonsils. From 129

observed animals 10.8 % (14 of 129) of the tonsils were positive, 8.5 % (11 of 129) of

the jejunum with lymph nodes and 4.7 % (6 of 129) in both locations. The picture

shows that in total 17 animals of 129 were positive in the jejunum (11 + 6: 13 %) and

20 pigs (14 + 6: 15.5 %) had Salmonella in the tonsils.
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Fig. 5.1: Percentage of PCR positive results found in jejunum with lymph nodes, tonsil

samples and in both locations (nT = 129 = 100 %).

Consequently, when regarding the positive animals only, in nearly half of the 31 pigs

only the tonsils (46 % out of 31) were positive followed by jejunum (35 %) and those

animals which reacted positive in jejunum and tonsils (19 %). The distribution

depicted in Figure 5.1 and described above shows that the tonsils are the main target

organ, which is most likely to be infected when Salmonella contaminated material is

taken up by the pigs from the environment. The investigation of the tonsils can give

information on the contamination status in the slaughter house for a given day (see

also BLAHA, 2001).

The Figure also shows that approximately only every third animal with Salmonella in

the tonsils host Salmonella in the jejunum and lymph nodes too and vice versa.

When regarding the PCR positive results in total (25 %), there are at least three times

more animals hosting Salmonella bacteria on either location (jejunum with lymph

nodes, tonsils) than showing an immunological response according to the meat juice
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ELISA (7 %). This is important to know for the risk assessment schemes of a slaughter

house when only taking the antibody ELISA results into consideration.

The most likely way of contamination is the intake over the oral route. The main

sources for infection of the tonsils of slaughter pigs coming from Salmonella-free

farms are the market pens, transport and contact to contaminated animals in transit, not

properly disinfected trucks or waiting pens (MARG et al., 2001; DAVIES et al., 1999).

14 out of 129 animals had Salmonella on their tonsils, indicating an uptake of

Salmonella shortly before sampling, probably in the slaughter house where they spent

60 to 120 minutes in the waiting pens. Assuming that they came from Salmonella-free

herds the contamination happened in the slaughter house within a short period of time.

This seems to support a report of BLAHA (2001) who described positive intestinal

samples and lymph nodes approximately 2 to 3 hours after contamination. Our results

indicate that oral intake in the waiting pen may lead to positive tonsil samples in less

than 2 hours.

Therefore it is important that batches of pigs which are suspicious to carry Salmonella

should not have contact to other pigs and are slaughtered at the end of the working

day. A batch of infected animals can contaminate the whole system. When

categorizing the farms according to their antibody status, DNA positive samples were

mainly seen after a farm with a high number of seropositive animals had delivered

animals. When animals of farms with low or inapparent serotitres were slaughtered at

the beginning of the day Salmonella positive organs were only seen sporadically.

Figure 5.2 gives three examples showing the order of slaughter during three different

days and the results obtained by the antibody ELISA test and the PCR from jejunum

with lymph nodes and tonsil samples.
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Day 11 Day 9 Day 6

F30 (n=3) F13 (n=10) F13 (n=17)

F31 (n=5) F24 (n=11)
F14 (n=2)

F32 (n=12) F15 (n=9)

F16 (n=10)

F17 (n=7)

E-,J-, T- 2E+,1J+, 1T+ 5E+, 14J+

E-,J-, 2T+ E-, , 5J+ 2T+
E-, 1J+

2E+,7J+, 3T+ 1E+, 5J+

E-, 4J+

E-, 1J+

Examination

E: meat juice antibody-ELISA
J: jejunum; T: tonsils
-: negative; +: positive

Fig. 5.2: Results (ELISA [E], PCR from jejunum [J] and tonsil [T] samples) of three

selected examination days (day 11, 9 and 6) according to the order of slaughter of pigs

from different farms (F13, F14, F15, F16, F17, F24, F30, F31, F32) (n: number of

animals tested per farm on the examination day)

On examination day 11, sero- and PCR-negative (E-, J-, T-) tested pigs from farm F30

were slaughtered. Then there came animals of farm F31, all seronegative but the last

were positive on the tonsils. These last animals had been  in the waiting pen already

together with pigs of farm F32. The animals from farm F32 were highly positive in all

samples taken (2 animals in ELISA, 7 in jejunum and 3 in tonsil samples). It seems

that a cross-contamination had taken place.

On examination day 9 animals of farm F13 with high sero- and PCR-positive

prevalences were slaughtered before or during the animals of farm F24 passed the

waiting pen and slaughter line. The pigs of farm F24 were all seronegative but
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Salmonella were found in the jejunum (21 % of the animals of farm F24) and the

tonsils (8 %).

A similar tendency is observed on day 6. The pigs of farm F13 showing with 29 %

ELISA-positive pigs and even 82 % jejunum positive animals a high level of

contamination were slaughtered early in the morning. All pigs being slaughtered after

the animals of this farm showed positive results in the intestines. In the pigs of farm

F15 having a very low prevalence in the ELISA-test five times higher jejunum-

positive samples were found, presumably also because of oral uptake due to the

contaminated slaughter house pens. These results show that slaughtering contaminated

animals at the beginning of a slaughter day leads to cross-contamination. The positive

results in the jejunum samples in animals coming from seronegative farms indicate

that Salmonella can be found in the jejunum with its adjacent lymph nodes in less than

2 hours after contract.

The high incidence of positive samples show that the shedding of the jejunum positive

animals which rested in the waiting pen only for a short time is sufficient to

contaminate the lairage area of a slaughter house. Factors such as transport stress,

hostile environment and poor handling can also impair welfare and health condition of

the animals and may trigger shedding of latent Salmonella (EHLERS et al., 2001;

MARG et al., 2001). Severe stress can even cause bacterial translocation and

endogenous contamination in lymph nodes of slaughter pigs after long term (7 hours)

transport (SEIDLER et al., 2001). The results clearly show that the protection of the

consumer has to start in the animal house guaranteeing Salmonella-free herds,

continues with a gentle transport, and ends with animal friendly handling in the

slaughter house.

For this purpose it is important to know how reliable the tests are which are used to

give evidence of a Salmonella infection. Figure 5.3 compares the percentage of pigs

being Salmonella DNA (PCR) positive in the jejunum with the percentage of animals

reacting positively in the PCR and in the antibody ELISA.
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Fig. 5.3: Comparison of the percentage

of ELISA and PCR positive

samples with all PCR positive results

of the jejunum samples

63 of the total of 383 animals were tested positive when the jejunum is investigated by

the means of the PCR technique. 17.5 % (11 pigs) of the 63 animals were also positive

in the ELISA test. This means that approximately only every fifth pig having

Salmonella in its intestines shows a positive result in the ELISA test used in this study

and that five times more animals are hostimg this pathogen in their intestines than

expected by the ELISA test. The reason is that after oral ingestion of Salmonella it

takes approximately 5 to 7 days till the antibody titre is build-up (NIELSEN et al.,

1995b; PROUX et al., 2000). If an oral infection happens shortly before slaughter e.g.

during transport or mixing, this can’t be seen in the ELISA test. Immune suppressive

effects may also play a role. NIELSEN et al. (1995b) and CASADEVALL and

PIROFSKI (2001) think that an incubation time of less than a week may be not

sufficient for a proper humoral immune response, particularly when extreme stress in

the last few days in the fattening house has suppressed the immune response, or the

local immune barrier of the intestines is working extraordinarily well.

Another reason of concern is that the ELISA test (cut-off) may not work sensitive

enough to detect all contaminated animals. ALBAN et al. (2002) therefore proposes to

lower the cut-off in the ELISA to an OD % of > 20 to increase the probability to find

positive animals. This will probably give also a better agreement of the ELISA test

with positive jejunum results. The disadvantage is that the categorization criteria for
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the farms have to be redefined. The current OD % is set to > 40 which allows for the

time being to compare the results European-wide.

The comparison of the percentage of pigs being positive in the ELISA with the

percentage of animals reacting positively in the ELISA and in the PCR is explained in

greater detail in Figure 5.4. The PCR positive samples have a share of about 41% of

the total (100 %) of ELISA positive results concluding that 41 % of antibody positive

pigs also carry Salmonella. On the other hand it means that nearly two third of the

animals being tested positive in the meat juice ELISA did not carry Salmonella spp.

Fig. 5.4: Comparison of the

percentage of PCR positive

samples with all ELISA positive

results

Several explanations for this again considerable gap between the two test results can

be given. There are individual differences in the height of serotitres. The time can vary

until a proper immune response can be seen. Missing humoral response or a very

effective local barrier in the intestines can also play a role. After the removal of

Salmonella from the body of an infected pig the decrease of the serotitres in the blood

can differ extremely. The animals show a measurable immune response even if the

bacteria are eliminated and the serotitre remains high. This can last for approximately

12 weeks after exposure  (GRAY et al., 1996b).

0%

20%

40%

60%

80%

100%

1ELISA pos. 
ELISA and PCR pos.

Percentage of PCR positive results
in ELISA positive results (100%)

EL
IS

A
po

si
tiv

e
re

su
lts

59.0 %

41.0 %



Discussion

86

The 27 seropositive pigs came from 6 of the 32 farms. 59 % of these antibody positive

pigs came from farm F13 to slaughter. More than a third of the total of 63 slaughter

pigs tested positive on Salmonella in the jejunum with lymph node came from farm

F13 which delivered only 5 % of the total positive tonsil samples.

In Figure 5.5 an example is given which reveals the differences between the farms F11

(category I) and F13 (category II). 9.4 % (5 animals) of the pigs of F11 (n = 53

animals tested) were seropositive (meat juice antibody ELISA) and 17 % (9 pigs) PCR

positive. The pigs from the category II farm F13 (n = 55) were positive in the meat

juice ELISA in 29.1 % (16 pigs) of the cases, 67.3 % (37 animals) were positive in the

PCR. The PCR results of both farms differ extremely in regard to the location where

the positive samples were found. On Farm F13 most animals had Salmonella in their

intestines (J+), pigs from farm F11 were positive mostly in the tonsil samples (T+).

Fig. 5.5: Percentage of PCR positive results (of these: J+= jejunum positive, T+=

tonsils positive) and ELISA positive results of two selected pig herds (farm F11:

category I, n=53 pigs; farm F13: category II, n=55 pigs)

The results clearly indicate that the level of serological antibody titres does not say

anything about the actual contamination of the meat by Salmonella. This is the reason

that a positive ELISA result will not have meat hygiene law based consequences for

the animal carcass itself.
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Our results indicate however that it seems useful to consider measures if a high

number of animals in a herd shows a positive response in the ELISA test. Figure 5.5

shows that animals from farms with high prevalences in the ELISA test often are

carriers of Salmonella. The meat of these animals should only be declared suitable for

human consumption after treatment e.g. by heating as laid down in the German Meat

Hygiene Directive (2001), chapter IV no. 3.2.

Such measures are helpful to reduce some risks originating from pigs of highly

contaminated farms. The cross contamination with Salmonella in the slaughter house

can’t be avoided by serological ELISA testing. It is more important to get information

on the status of the pigs in the farms. The ELISA is a first screening step only since

approximately three times more pigs host the pathogen than the ELISA test reveals.

Animals from category II farms and higher should be slaughtered separately, or at

least, be delivered and slaughtered at the end of the slaughter day only.

Salmonella detection on farm

In order to improve our understanding of the Salmonella contamination of the

slaughter pigs on the farm and in the production chain some orientating samplings

were performed in a category I and a category II farm.  Both farms were mainly

operating in a similar way (slatted floor for finishing pigs, all-in-all-out, animals per

pen). On farm F11 (category I according to meat juice samples of 53 slaughtered pigs)

and on farm F13 (category II, 55 slaughtered animals) we took blood samples of 20

housed pigs. Apart from the feaces (approximately 200 g per pen) swab samples (500

cm2 per pen) were taken from each pen floor and pooled to form 4 groups per farm.

Additionally, feed samples were taken on the 4 (sampling days 0 to 3) examination

days. The feed revealed throughout the examination period negative results (no

Salmonella detection). One pool faecal sample and one pooled swab sample (on

sampling day 3) from the floor of farm F13 were positive only. No Salmonella were

found in the samples of farm F11. There could be various reasons, why we only had a

very low number of positive samples. Firstly, it was just an orientating investigation

with a limited number of samplings. KRANKER et al. (2001) conclude from their
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study that 20 pens minimum have to be sampled in a large area to find at least 1

positive pen sample if Salmonella is present in a serological positive herd. Secondly,

due to the intermittent shedding of Salmonella it is easy to miss the bacteria (PROUX

et al. 2000). A remarkable aspect is that positive samples of farm F13 were taken just

after the pigs were moved to the finisher pens on the farm. That such stressors can

induce shedding of latent Salmonella is reported by MARG et al. (2001).

The Salmonella species isolated from farm F13 belonged to S. Typhimurium DT 104,

one of the most common Salmonella types in pigs (HELMUTH et al., 2001;

FEDORKA-CRAY et al., 2000b). On tonsils and in jejunum samples S. Typhimurium

and in one case S. Derby were found. The Salmonella in the frozen BPW of the

slaughter house samples from F13 tested positive in the PCR. They did not grow well

on cultural media. Therefore it was not possible to identify the strains beyond the

subgenus I level.

The blood serum for detection of Salmonella antibody titres was collected from always

the same 20 pigs in 4 different pens on both farms. This is supposed to give a good

follow up of changes in antibody status of the animals (LEYK et al., 2002). Each

fattener said to get his animals from approximately 6 breeders maximum. During our

examinations though we found at least 8 to 9 different breeders. In the two fattening

houses visited in our study this was due to a poor flow of information between pig

deliverers and fattener.

The categorization of farms depends to a high degree on the detection method used for

Salmonella and on the fact where the samples are taken. Table 5.1 gives two examples.

When the antibody meat juice ELISA test is applied 9.4 % (category I) of the pigs of

farm F11 are declared positive. When blood samples are taken on the farm and

analysed in the ELISA about 23 % (category II) of the pigs were positive. Similar

investigations on the pigs of farm F13 revealed that a change of category can also

happen from II to I. These orientating results show that the contamination of pigs can

happen on the farm but also in the slaughter house.
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Table 5.1: Categorization of farm F11 and F13 based on the positive antibody-ELISA

results of samples taken in the slaughter house and on the farms

 farm  F11                                             farm F13

 slaughter house              farm               slaughter house            farm
 samples                   samples                samples                  samples

 % positive           9.4                           23.3                      29.1                        5.0
 animals

 Category              I                                II                         II                            I

BERENDS (1998) estimates that the contamination of pigs with Salmonella happens

through the farm house flora mainly (60 %), in second place (40 %) he sees feeding

and feed and only 10 % of the infections are introduced by the piglets from the

breeding farms.

The use of the categories based on the antibody status to describe the current

Salmonella status of pig herds is a first useful step to prevent the further spread of

Salmonella in pigs and pig meat. Long-term observations over at least one year are

necessary, and it seems useful to combine the meat juice analysis with on farm

measurements e.g. of blood samples and environmental samples to be able to identify

the sources of contamination and to estimate the prevalences on farm and slaughter

house level. Future programmes should enhance the co-operation between producers

and slaughter houses. Reducing Salmonella contamination in the food chain will be

beneficial for the welfare of the animals, the profits of the producers and the health of

the consumers.
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5.1 Conclusions

1. Food borne Salmonella infections are an important health risk for the

consumers  worldwide.

2. It is estimated that 7.3 % of all farmed pigs are carriers of Salmonella spp.

3. From the officially taken meat samples in Germany in 2001 pork was conta-

minated with Salmonella in more than 3.8 % of the cases. The contribution of pork to

Salmonella infections in humans accounts for about 20 % per year in Germany.

4. Screening methods such as the antibody ELISA of meat juice samples at

slaughter are useful to give an estimate of Salmonella prevalences in a herd, it cannot

identify individual carriers.

5. PCR techniques are a powerful tool to determine Salmonella spp. in case of an

infection.

6. There is a considerable potential that Salmonella excreting pigs are contami-

nating the whole slaughter line.

7. Stress during handling, loading, transport and treatment in the waiting pens can

induce shedding of Salmonella by latent and inapparent carriers.

8. Transmission of Salmonella happens during transport and in the slaughter house

by nose to nose contact and up-take of contaminated faeces.

9. Therefore, transport vehicles and waiting pens are prominent risk areas for new

infections. Infected animals can contaminate the whole processing line in the slaughter

house and the carcasses of the following animals.

10. Within two hours after infection Salmonella can be detected in the tonsils and

intestines of the animals by means of cultural methods and PCR.

11. 7.04 % of the 383 pigs investigated in this study were seropositive in the

antibody ELISA test and 16 % were identified as carriers of Salmonella in the jejunum

with the adjacent lymph nodes in the slaughterhouse. 25 % of the pigs were positive on

tonsils and/or the jejunum. 59 % of all seropositive tested pigs, one third of the whole

jejunum positive and only every 20th tonsil positive pig came from one category II

farm. Every fifth pig with Salmonella in the jejunum also had a positive serotitre in the

ELISA, on the other hand less than half of the seropositive animals hosted Salmonella

in the intestines.
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12. The screening tests in the slaughter house are useful for general epidemiological

aspects, it cannot replace the investigations on the farm level.

13. The more different suppliers of piglets exist the higher is the risk for the farm to

import Salmonella. Hygiene management, disinfecting and quarantine are crucial to

avoid Salmonella contamination.

14. Closed and strictly controlled production systems are an important step to avoid

or reduce the risk of Salmonella contamination of pork.
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5.2 Recommendations

1. Production of pork should only be carried out in closed systems with all-in all-

out techniques.

2. The controlling schemes have to start in the farrowing and weaner units. The

number of suppliers should be reduced to one or two breeding farms.

3. The identification of contaminated animals should be carried out both with the

ELISA for screening of herds and PCR to identify specific risk materials.

4. Animals which are suspicious to be infected should be slaughtered in special

facilities or if any at the end of the slaughter day only.

5. It is crucial that all areas in the slaughter house including loading ramps,

waiting pens, alleys, the stunning area and all parts which have contact to the carcass

(also knifes and saws) are properly cleaned and disinfected after the slaughter

procedure is finished.

6. To avoid further spread of Salmonella contamination and the risk of infection in

humans it seems necessary to develop stricter and more comprehensive rules which

concern the whole production chain from the piglet to the carcass leaving the slaughter

house.

7. One step may be to treat all carcasses which are proved to be on risk according

to the criteria of the FlHV by heating.

8. A closer co-operation between producers, slaughter houses, and authorities is

necessary to secure the health status of the pigs on the farms, to improve the hygienic

concepts in the slaughter houses and to reduce the risk of Salmonella contamination of

pork. This will be for the sake of the animals, the farmers, the food producers and the

health of the consumers.
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6 Summary

Assessment of Salmonella contamination using an antibody-ELISA test and a

PCR technique in pigs at slaughter and on farm level

Salmonella spp. are among the most important food-associated infective agents of

intestinal diseases in humans. In several European countries monitoring programmes

have been established to estimate the risk of infection from pork, for example by

testing for Salmonella antibodies in samples of meat juice taken from abattoirs.

Producers are classified in three categories according to the percent of seropositive

animals determined in the slaughter house. Such a monitoring programme is planned

for Germany, as well. However, the potential risk from delivery of animals carrying or

shedding Salmonella at the abattoir and for meat as food cannot be judged solely on

the basis of antibody titres. Proof of actual contamination of animals in the herd with

Salmonella is necessary, as it is unclear what measures should be taken to avoid cross-

contaminations before and during slaughter when a large proportion of the pigs are

seropositive.

The purpose of the present investigations was to compare the Salmonella antibody

status of pigs at the abattoir with the actual degree of colonisation of the animals‘

intestines (jejunum) and tonsils by Salmonella spp. in order better to judge the

usefulness of serological test results for estimating the risk of contamination. At the

same time this study was intended to test the usefulness of classifying fattening farms

as free of Salmonella, slightly or seriously contaminated, on the basis of serological

status, and to discuss possible sources of contamination at the farm.

Samples (diaphragm pillar muscle, jejunum and adhering lymph nodes) were taken on

twelve slaughter days from 383 pigs from 32 different fattening farms. On four of the

twelve days (days 9 through 12), samples were additionally taken from the tonsils of

129 slaughter pigs. The order in which the animals were delivered and slaughtered was

noted on every sampling day. The samples of the diaphragm pillar muscle were frozen
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for subsequent assessment of the meat juice in antibody ELISA. Tissue samples of

intestine, lymph nodes and tonsils were pre-enriched in buffered peptone water in

preparation for the detection of Salmonella spp. by PCR.

A total of 7.04 % (27 animals) of the slaughtered pigs were tested seropositive; these

originated from 19 % (6 fattening farms) of the 32 suppliers. (Sixteen animals came

from farm F13, five from F11, two from F20, and one each from F15 and F27.) A

single supplier, F13, was the source of 59 % (16 animals) of the ELISA-positive

animals. Salmonella DNA was detected in jejunum samples with adhering lymph

nodes in 63 (16.4 %) of the pigs slaughtered. One third of these (21 animals) were

supplied by farm F13. Although 15.5 % of the 129 tonsil samples were found to be

positive by PCR, only 1 animal came from pigs supplied by farm F13. Salmonella

DNA was also isolated from the jejunum samples of about 40 % (11 animals) of the

seropositive pigs. On the other hand, only circa 17.5 % of the jejunum samples found

to be positive by PCR correlated with the ELISA test. Positive antibody ELISA and/or

Salmonella spp. were found in the organs on only seven of the twelve sampling days.

Strikingly, the time when animals from the various farms were delivered and

slaughtered had a considerable influence on the frequency of Salmonella findings over

the course of the day. When animals from farms with high levels of positive antibody

titres and PCR findings in organ samples were slaughtered at the beginning of the day,

there was clear evidence of Salmonella spp. in intestine and tonsil samples. But when

animals from contaminated farms were slaughtered at the end of the day, Salmonella

were found only sporadically in the pigs from other farms slaughtered earlier in the

day. After classification of the suppliers on the basis of the results of the meat juice

antibody ELISA (cut-off OD % > 40), closer investigation was undertaken of one farm

each classified as category I or II (with between 0 and 20 % seropositive animals, and

between 20 and 40 %, respectively). Three blood samples were taken at different times

from twenty animals from newly stocked herds in each of these farms and tested for

antibodies with ELISA. In addition, environmental samples were taken in the stalls

(swabs of surfaces, feed samples), as were samples of faeces, which were analysed

with traditional microbiological methods for the presence of  Salmonella.
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In farm F11, 20 % of the blood sera collected on the first testing day were

serologically positive, as were 25 % of the blood sera taken on days 2 and 3. In farm

F13, on the other hand, there was no positive blood sample on day 1, and only 5 %

were positive on days 2 and 3. This contradicts the prevalences determined by the

meat juice samples for these farms, where the category I farm, F11, showed 9.4 %

positive, and farm F13, category II, 29.1 %. All feed samples tested negative

microbiologically, and only one collective faeces sample was positive (in farm F13).

The results of this study show that the meat juice antibody ELISA is apparently only

an insufficient indication of the actual contamination of the animals with Salmonella.

More than twice as many pigs carrying Salmonella will be identified if the intestine

(intestinal lymph nodes, material from the jejunum) are included in the investigation.

These latent infections also increase the risk of unrecognised cross-contaminations at

the abattoir when pigs afflicted with Salmonella are slaughtered at the beginning of the

day. It is therefore necessary to know the pigs‘ antibody status at the production unit if

at all possible. If this is not possible, then at least the animals‘ antibody status should

be determined at the abattoir and linked to the suppliers. However, the findings also

show that it is not enough to classify the fattening farms as to specific contamination

categories solely on the basis of meat juice testing at the abattoir, because the antibody

status of a herd can change dramatically every time the farm is restocked. This is

particularly true when suppliers are changed frequently, and demonstrates the

advantage of so-called integrated chains (with only one or a few, well-established

suppliers). In farms not managed in accordance with the chain concept, animals should

be tested in good time, at least a week before slaughter. This is essential for the

recognition of risk and minimisation of contamination. Animals from units suspected

of contamination should be slaughtered only at the end of the day, and the abattoir

should be cleaned especially thoroughly and disinfected. It appears that close co-

operation between producers, abbatoirs and public health authorities is necessary to

break the chain of Salmonella contamination effectively. This is in the interest of

animal owners and meat producers and will promote the health of both animals and

consumers.
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7 Zusammenfassung

CHAUNCHOM, SUJATE

Untersuchungen zum Vorkommen von Salmonellen mittels Antikörper-ELISA

und PCR-Technik bei Schweinen während der Schlachtung und im Mastbetrieb

Salmonellen zählen zu den wichtigsten lebensmittelassoziierten Erregern von

Darmerkrankungen des Menschen. Zur Einschätzung der Höhe des Risikos einer

Infektion über Schweinefleisch sind in einigen europäischen Ländern Monitoring-

Programme etabliert worden, die sich u.a. auf den Nachweis von Salmonellen-

Antikörpern in Fleischsaftproben, die im Schlachtbetrieb gewonnen wurden, stützen.

Die Erzeugerbetriebe werden aufgrund des prozentualen Anteils der im

Schlachtbetrieb ermittelten seropositiven Tiere in drei Kategorien eingeteilt. Auch in

Deutschland wird die Einführung eines solchen Überwachungsprogrammes geplant.

Ob Schlachtschweine einer Anlieferungspartie jedoch tatsächlich Träger und

Ausscheider von Salmonellen sind und damit potentiell ein Risiko im Schlachtbetrieb

und für das Lebensmittel Fleisch darstellen, kann aufgrund des Antikörpertiters allein

nicht beurteilt werden. Hierzu ist der Nachweis der tatsächlichen Belastung der Tiere

mit Salmonellen im Bestand notwendig, zumal unklar ist, welche Massnahmen bei

einem hohen Anteil an seropositiven Schweinen zu treffen sind, mit denen

Kreuzkontaminationen vor und während der Schlachtung verhindert werden können.

Ziel der eigenen Untersuchungen war es, den Salmonellen-Antikörper-Status von

Schweinen im Schlachtbetrieb mit der tatsächlichen Besiedelung des Darmes

(Jejunum) und der Tonsillen der Tiere mit Salmonella spp. zu vergleichen, um die

Eignung des serologischen Nachweises zur Risikoabschätzung besser beurteilen zu

können. Gleichzeitig sollte auf diesem Weg die Zweckmäßigkeit der Einteilung von

Mastbetrieben aufgrund des serologischen Status in Kategorien von frei oder gering

bis hochgradig mit Salmonellen belastet überprüft und mögliche Eintragspfade in den

Betrieb diskutiert werden.
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An 12 Schlachttagen wurde Probenmaterial (Zwerchfellpfeiler, Jejunum mit

anhaftenden Lymphknoten) von 383 Schlachtschweinen aus 32 verschiedenen

Mastbetrieben gewonnen. An 4 der 12 Schlachttage (Tage 9 bis 12) wurden zusätzlich

Gewebeproben aus den Tonsillen von 129 Schlachtschweinen genommen. Notiert

wurde an jedem Probenahmetag die Reihenfolge der Anlieferung und Schlachtung der

Tiere. Die Zwerchfellpfeilerproben wurden bis zur späteren Untersuchung des

Fleischsaftes im Antikörper-ELISA eingefroren. Zum Nachweis von Salmonella spp.

mittels PCR wurde Darm- und Lymphknoten- sowie Tonsillengewebe in gepuffertem

Peptonwasser vorangereichert.

Insgesamt fanden sich 7,04 % (27 Tiere) seropositive Schlachtschweine, welche von

19 % (6 Betriebe: F13 = 16 Tiere, F11 = 5 Tiere, F20 = 2 Tiere, F15 und F27 = 1 Tier)

der 32 anliefernden Mäster stammten. Von nur einem Mäster (F13) stammten dabei

allein 59 % (16 Tiere) dieser ELISA-positiven Tiere. Bei 63 (16,4 %) Schlacht

schweinen konnte mit der PCR Salmonellen-DNA in Jejunumproben mit anhaftenden

Lymphknoten nachgewiesen werden; 21 Tiere, ein Drittel, kamen von Mäster F13.

15,5 % der 129 Tonsillenproben waren in der PCR positiv, jedoch stammte nur 1 Tier

von den Schweinen des Mästers F13. Bei etwa 40 % (11 Tiere) der seropositiven

Schlachtschweine konnte auch Salmonellen-DNA vom Jejunum isoliert werden.

Andererseits korrelierten nur circa 17,5 % der in der PCR positiven Jejunumproben

mit dem ELISA-Test. Nur an 7 der 12 Probenahmetage konnten positive Ergebnisse

im Antikörper-ELISA und/oder Salmonellen in den Organen gefunden werden.

Auffällig war, dass die Reihenfolge der Anlieferung und Schlachtung von Tieren aus

verschiedenen Betrieben einen erheblichen Einfluß auf die Häufigkeit von

Salmonellenfunden im Tagesverlauf hatte. Wurden Tiere aus belasteten Betrieben, in

denen hohe positive Antikörpertiter gefunden und DNA Nachweise (PCR) in

Organproben geführt worden waren, am Anfang des Tages geschlachtet, gab es auch

deutliche Funde an Salmonellen in den Darm- und Tonsillenproben. Wurden dagegen

Tiere aus belasteten Betrieben am Ende des Tages geschlachtet, so fanden sich

Salmonellen auf den davor geschlachteten Schweinen anderer Betriebe nur sporadisch.
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Nach der Einstufung der Lieferbetriebe aufgrund der Ergebnisse des Fleischsaft-

Antikörper-ELISA (cut-off OD % >40), wurde jeweils ein Kategorie I- (0 bis 20 %

seropositive Tiere) und ein Kategorie II-Betrieb (20 bis 40 %) näher untersucht. Dabei

wurden in jedem Betrieb dreimal zu verschiedenen Zeitpunkten Blutproben von

jeweils 20 Tieren der neu eingestallten Herde auf Antikörper mittels ELISA

untersucht. Zusätzlich wurden in den Ställen Umgebungsproben (Tupferproben von

Oberflächen, Futterproben) und Kotproben genommen und mittels klassischer

Mikrobiologie auf das Vorkommen von Salmonellen analysiert.

20 % der am 1. Untersuchungstag gesammelten Blutsera und je 25 % der Blutsera von

Tag 2 und 3 in Betrieb F11 waren serologisch positiv. Dagegen waren im Betrieb F13

an Tag 1 kein Tier und an den Tagen 2 und 3 lediglich 5 % der Blutproben positiv.

Dies steht im Gegensatz zu den über die Fleischsaftproben ermittelten Prävalenzen

(F11: Kategorie I, 9,4 %; F13: Kategorie II, 29,1 %). Alle mikrobiologisch

untersuchten Futterproben waren negativ, nur eine Faezessammelprobe erbrachte

einen positiven Befund (F13).

Die Befunde dieser orientierenden Untersuchung zeigen, dass offenbar der Fleischsaft-

Antikörper-ELISA die tatsächliche Belastung der Tiere mit Salmonellen nur un

zureichend wiederspiegelt. Wird der Darm (Darmlymphknoten, Jejunummaterial) in

die Untersuchungen einbezogen, werden mehr als doppelt so viele Salmonellenträger

unter den Schweinen identifiziert. Wegen dieser latenten Infektionen wächst auch die

Gefahr unerkannter Kreuzkontaminationen im Schlachtbetrieb, wenn zu Beginn des

Schlachttages mit Salmonellen behaftete Schweine geschlachtet werden. Es ist daher

notwendig, den Antikörperstatus der Schweine möglichst im Aufzuchtbetrieb zu

kennen. Ist dies nicht möglich, ist zumindest der Antikörper-Staus der Tiere auf dem

Schlachtbetrieb zu ermitteln und den Aufzuchtbetrieben zuzuordnen. Allerdings haben

die Befunde auch gezeigt, dass die Zuordnung der Mastbetriebe zu den

Belastungskategorien ausschließlich aufgrund der Fleischsaftprobenuntersuchungen

im Schlachtbetrieb zu kurz greift, da sich der Antikörperstatus einer Herde mit jeder

neuen Tierlieferung erheblich ändern kann. Dies trifft besonders bei häufig
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wechselnden Zulieferern zu und zeigt den Vorteil sog. integrierter Ketten (nur einer

oder wenige, gut bekannte Zulieferer). In Ställen, die nicht dem Kettenkonzept folgen,

sollte eine Beprobung der Tiere rechtzeitig, mindestens 1 Woche vor der Schlachtung

erfolgen. Dies ist zur Risikoerkennung und Minimierung von Kontaminationen

unumgänglich. So sollten die Tiere aus verdächtigen Betrieben ausschließlich am Ende

des Schlachttages geschlachtet werden. Danach ist besonders sorgfältig zu reinigen

und zu desinfizieren. Eine engere Zusammenarbeit zwischen Produzenten, Schlacht

betrieben und Überwachungsbehörden erscheint notwendig, um die Kontamina

tionsketten für Salmonellen wirksam zu unterbrechen. Dies liegt im Interesse der

Tierhalter und Fleischproduzenten und wird sowohl der Gesundheit der Verbraucher

als auch den Tieren zugute kommen.
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9 Appendix

9.1 Appendix A

Table 9.1: Prevalence of Salmonella spp. contamination in slaughter pigs, sampling
 day, and transportation by using an antibody-ELISA test and PCR technique.
 (-: negative result; X: no sample taken)

Transport PCR resultsSamp.
Nr.

Name of
farm

Sampling
Day Collective Single

ELISA
results Jejunum Tonsil

1 F1 1 * - - x
2 F1 1 * - - x
3 F1 1 * - - x
4 F1 1 * - - x
5 F1 1 * - - x
6 F2 1 * - - x
7 F1 1 * - - x
8 F1 1 * - - x
9 F1 1 * - - x
10 F1 1 * - - x
11 F2 1 * - - x
12 F1 1 * - - x
13 F2 1 * - - x
14 F2 1 * - - x
15 F3 1 * - - x
16 F3 1 * - - x
17 F3 1 * - - x
18 F3 1 * - - x
19 F3 1 * - - x
20 F3 1 * - - x
21 F3 1 * - - x
22 F3 1 * - - x
23 F3 1 * - - x
24 F2 1 * - - x
25 F2 1 * - - x
26 F4 2 * - - x
27 F4 2 * - - x
28 F5 2 * - - x
29 F5 2 * - - x
30 F5 2 * - - x
31 F5 2 * - - x
32 F5 2 * - - x
33 F5 2 * - - x
34 F5 2 * - - x
35 F5 2 * - - x
36 F6 2 * - - x
37 F6 2 * - - x
38 F6 2 * - - x
39 F6 2 * - - x
40 F6 2 * - - x
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Table 9.2: Prevalence of Salmonella spp. contamination in slaughter pigs, sampling
 day, and transportation by using an antibody-ELISA test and PCR technique
 (continue).
 (-: negative result; X: no sample taken)

Transport PCR resultsSamp.
Nr.

Name of
farm

Sampling
Day Collective Single

ELISA
results Jejunum Tonsil

41 F7 2 * - - x
42 F7 2 * - - x
43 F7 2 * - - x
44 F8 3 * - - x
45 F8 3 * - - x
46 F8 3 * - - x
47 F9 3 * - - x
48 F9 3 * - - x
49 F9 3 * - - x
50 F9 3 * - - x
51 F9 3 * - - x
52 F9 3 * - - x
53 F8 3 * - - x
54 F9 3 * - - x
55 F10 3 * - - x
56 F10 3 * - - x
57 F10 3 * - - x
58 F10 3 * - - x
59 F10 3 * - - x
60 F10 3 * - - x
61 F10 3 * - - x
62 F10 3 * - - x
63 F10 3 * - - x
64 F10 3 * - - x
65 F10 3 * - - x
66 F10 3 * - - x
67 F10 3 * - - x
68 F10 3 * - - x
69 F10 3 * - - x
70 F10 3 * - - x
71 F10 3 * - - x
72 F10 3 * - - x
73 F10 3 * - - x
74 F11 4 * - - x
75 F11 4 * - - x
76 F11 4 * - - x
77 F11 4 * - - x
78 F11 4 * - - x
79 F11 4 * - - x
80 F11 4 * - - x
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Table 9.3: Prevalence of Salmonella spp. contamination in slaughter pigs, sampling
 day, and transportation by using an antibody-ELISA test and PCR technique
 (continue).
 (-: negative result; X: no sample taken)

Transport PCR resultsSamp.
Nr.

Name of
farm

Sampling
Day Collective Single

ELISA
results Jejunum Tonsil

81 F11 4 * - - x
82 F11 4 * - - x
83 F11 4 * - - x
84 F11 4 * - - x
85 F11 4 * - - x
86 F11 4 * - - x
87 F12 5 * - - x
88 F12 5 * - - x
89 F12 5 * - - x
90 F12 5 * - - x
91 F12 5 * - - x
92 F12 5 * - - x
93 F12 5 * - - x
94 F12 5 * - - x
95 F12 5 * - - x
96 F12 5 * - - x
97 F12 5 * - - x
98 F12 5 * - - x
99 F12 5 * - - x
100 F12 5 * - - x
101 F12 5 * - - x
102 F12 5 * - - x
103 F12 5 * - - x
104 F12 5 * - - x
105 F12 5 * - - x
106 F12 5 * - - x
107 F12 5 * - - x
108 F12 5 * - - x
109 F12 5 * - - x
110 F12 5 * - - x
111 F2 5 * - - x
112 F2 5 * - - x
113 F2 5 * - - x
114 F2 5 * - - x
115 F2 5 * - - x
116 F2 5 * - - x
117 F2 5 * - - x
118 F2 5 * - - x
119 F2 5 * - - x
120 F2 5 * - - x
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Table 9.4: Prevalence of Salmonella spp. contamination in slaughter pigs, sampling
 day, and transportation by using an antibody-ELISA test and PCR technique
 (continue).
 (-: negative result; X: no sample taken)

Transport PCR resultsSamp.
Nr.

Name of
farm

Sampling
Day Collective Single

ELISA
results Jejunum Tonsil

121 F2 5 * - - x
122 F2 5 * - - x
123 F2 5 * - - x
124 F13 6 * - positive x
125 F13 6 * - - x
126 F13 6 * - positive x
127 F13 6 * - positive x
128 F13 6 * - positive x
129 F13 6 * - - x
130 F13 6 * - positive x
131 F13 6 * - - x
132 F13 6 * positive positive x
133 F13 6 * positive positive x
134 F13 6 * positive positive x
135 F13 6 * - positive x
136 F13 6 * - positive x
137 F13 6 * positive positive x
138 F13 6 * - positive x
139 F13 6 * positive positive x
140 F13 6 * - positive x
141 F14 6 * - positive x
142 F14 6 * - - x
143 F15 6 * - - x
144 F15 6 * positive positive x
145 F15 6 * - positive x
146 F15 6 * - positive x
147 F15 6 * - - x
148 F15 6 * - - x
149 F15 6 * - positive x
150 F15 6 * - positive x
151 F15 6 * - - x
152 F16 6 * - - x
153 F16 6 * - positive x
154 F16 6 * - positive x
155 F16 6 * - - x
156 F16 6 * - - x
157 F16 6 * - positive x
158 F16 6 * - positive x
159 F16 6 * - - x
160 F16 6 * - - x
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Table 9.5: Prevalence of Salmonella spp. contamination in slaughter pigs, sampling
 day, and transportation by using an antibody-ELISA test and PCR technique
 (continue).
 (-: negative result; X: no sample taken)

Transport PCR resultsSamp.
Nr.

Name of
farm

Sampling
Day Collective Single

ELISA
results Jejunum Tonsil

161 F16 6 * - - x
162 F17 6 * - positive x
163 F17 6 * - - x
164 F17 6 * - - x
165 F17 6 * - - x
166 F17 6 * - - x
167 F17 6 * - - x
168 F17 6 * - - x
169 F18 7 * - - x
170 F18 7 * - - x
171 F19 7 * - - x
172 F19 7 * - - x
173 F19 7 * - - x
174 F19 7 * - - x
175 F20 7 * positive - x
176 F20 7 * - - x
177 F19 7 * - - x
178 F20 7 * positive - x
179 F20 7 * - - x
180 F21 7 * - - x
181 F21 7 * - - x
182 F21 7 * - - x
183 F21 7 * - - x
184 F21 7 * - - x
185 F21 7 * - - x
186 F21 7 * - - x
187 F21 7 * - - x
188 F21 7 * - - x
189 F13 7 * positive - x
190 F13 7 * positive - x
191 F13 7 * - positive x
192 F13 7 * - positive x
193 F13 7 * positive - x
194 F13 7 * - - x
195 F13 7 * - - x
196 F13 7 * - - x
197 F13 7 * - - x
198 F13 7 * - - x
199 F13 7 * positive positive x
200 F13 7 * - - x
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Table 9.6: Prevalence of Salmonella spp. contamination in slaughter pigs, sampling
 day, and transportation by using an antibody-ELISA test and PCR technique
 (continue).
 (-: negative result; X: no sample taken)

Transport PCR resultsSamp.
Nr.

Name of
farm

Sampling
Day Collective Single

ELISA
results Jejunum Tonsil

201 F13 7 * - - x
202 F13 7 * positive - x
203 F13 7 * - positive x
204 F13 7 * - positive x
205 F13 7 * positive positive x
206 F13 7 * positive positive x
207 F22 8 * - - x
208 F22 8 * - - x
209 F22 8 * - - x
210 F22 8 * - - x
211 F22 8 * - - x
212 F22 8 * - - x
213 F22 8 * - - x
214 F22 8 * - - x
215 F22 8 * - - x
216 F22 8 * - - x
217 F22 8 * - - x
218 F22 8 * - - x
219 F22 8 * - - x
220 F22 8 * - - x
221 F22 8 * - - x
222 F22 8 * - - x
223 F22 8 * - positive x
224 F22 8 * - - x
225 F22 8 * - positive x
226 F22 8 * - positive x
227 F22 8 * - - x
228 F22 8 * - positive x
229 F22 8 * - positive x
230 F22 8 * - positive x
231 F22 8 * - positive x
232 F22 8 * - - x
233 F22 8 * - - x
234 F22 8 * - - x
235 F22 8 * - - x
236 F22 8 * - - x
237 F22 8 * - - x
238 F23 8 * - - x
239 F13 8 * - - x
240 F13 8 * positive - x
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Table 9.7: Prevalence of Salmonella spp. contamination in slaughter pigs, sampling
 day, and transportation by using an antibody-ELISA test and PCR technique
 (continue).
 (-: negative result; X: no sample taken)

Transport PCR resultsSamp.
Nr.

Name of
farm

Sampling
Day Collective Single

ELISA
results Jejunum Tonsil

241 F13 8 * - - x
242 F13 8 * - - x
243 F13 8 * - - x
244 F23 8 * - positive x
245 F13 8 * positive positive x
246 F23 8 * - positive x
247 F23 8 * - - x
248 F23 8 * - positive x
249 F13 8 * - - x
250 F23 8 * - - x
251 F13 8 * - - x
252 F13 8 * - positive x
253 F13 8 * - positive x
254 F23 8 * - positive x
255 F13 9 * - - -
256 F13 9 * - - -
257 F24 9 * - - -
258 F13 9 * - - -
259 F24 9 * - - -
260 F24 9 * - positive positive
261 F24 9 * - positive -
262 F24 9 * - positive -
263 F24 9 * - positive -
264 F24 9 * - positive -
265 F24 9 * - - -
266 F24 9 * - - -
267 F24 9 * - - -
268 F24 9 * - - positive
269 F13 9 * positive - positive
270 F13 9 * positive - -
271 F13 9 * - - -
272 F13 9 * - - -
273 F13 9 * - positive -
274 F13 9 * - - -
275 F13 9 * - - -
276 F25 9 * - - -
277 F25 9 * - - -
278 F25 9 * - - -
279 F25 9 * - - -
280 F25 9 * - - -
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Table 9.8: Prevalence of Salmonella spp. contamination in slaughter pigs, sampling
 day, and transportation by using an antibody-ELISA test and PCR technique
 (continue).
 (-: negative result)

Transport PCR resultsSamp.
Nr.

Name of
farm

Sampling
Day Collective Single

ELISA
results Jejunum Tonsil

281 F25 9 * - - -
282 F25 9 * - - -
283 F25 9 * - - -
284 F25 9 * - - -
285 F25 9 * - - -
286 F25 9 * - - -
287 F26 10 * - positive positive
288 F26 10 * - - positive
289 F26 10 * - - -
290 F26 10 * - - -
291 F26 10 * - positive positive
292 F26 10 * - positive positive
293 F26 10 * - - -
294 F26 10 * - - -
295 F26 10 * - - -
296 F26 10 * - - -
297 F26 10 * - - -
298 F26 10 * - - -
299 F27 10 * positive - -
300 F27 10 * - - -
301 F27 10 * - - -
302 F27 10 * - - -
303 F27 10 * - - -
304 F27 10 * - - -
305 F27 10 * - - -
306 F27 10 * - - -
307 F28 10 * - - -
308 F28 10 * - - -
309 F28 10 * - - -
310 F28 10 * - - -
311 F28 10 * - - -
312 F28 10 * - - -
313 F28 10 * - - -
314 F27 10 * - - -
315 F27 10 * - - -
316 F27 10 * - - -
317 F27 10 * - - -
318 F27 10 * - - -
319 F28 10 * - - -
320 F28 10 * - - -
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Table 9.9: Prevalence of Salmonella spp. contamination in slaughter pigs, sampling
 day, and transportation by using an antibody-ELISA test and PCR technique
 (continue).
 (-: negative result)

Transport PCR resultsSamp.
Nr.

Name of
farm

Sampling
Day Collective Single

ELISA
results Jejunum Tonsil

321 F29 10 * - - -
322 F29 10 * - - -
323 F30 11 * - - -
324 F30 11 * - - -
325 F30 11 * - - -
326 F31 11 * - - -
327 F31 11 * - - positive
328 F31 11 * - - -
329 F31 11 * - - -
330 F31 11 * - - positive
331 F32 11 * - positive -
332 F32 11 * positive - -
333 F32 11 * - - -
334 F32 11 * - - -
335 F32 11 * - - -
336 F32 11 * - positive -
337 F32 11 * positive positive positive
338 F32 11 * - positive -
339 F32 11 * - - positive
340 F32 11 * - positive positive
341 F32 11 * - positive -
342 F32 11 * - positive -
343 F11 12 * - - -
344 F11 12 * - - -
345 F11 12 * - - positive
346 F11 12 * - - -
347 F11 12 * - - -
348 F11 12 * - - -
349 F11 12 * - - -
350 F11 12 * positive - -
351 F11 12 * - - -
352 F11 12 * - - -
353 F11 12 * - - -
354 F11 12 * - - -
355 F11 12 * - - -
356 F11 12 * - - -
357 F11 12 * positive - positive
358 F11 12 * - - -
359 F11 12 * - - positive
360 F11 12 * - - -
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Table 9.10: Prevalence of Salmonella spp. contamination in slaughter pigs, sampling
 day, and transportation by using an antibody-ELISA test and PCR technique
 (continue).
 (-: negative result)

Transport PCR resultsSamp.
Nr.

Name of
farm

Sampling
Day Collective Single

ELISA
results Jejunum Tonsil

361 F11 12 * - - -
362 F11 12 * positive - positive
363 F11 12 * - - -
364 F11 12 * - - -
365 F10 12 * - - -
366 F11 12 * - - -
367 F11 12 * - - -
368 F11 12 * - - -
369 F11 12 * - - positive
370 F11 12 * - - -
371 F11 12 * - positive -
372 F11 12 * - - -
373 F11 12 * - - -
374 F11 12 * - - -
375 F11 12 * - - -
376 F11 12 * - - -
377 F11 12 * - - -
378 F11 12 * - - -
379 F11 12 * - - -
380 F11 12 * - - -
381 F11 12 * positive - positive
382 F11 12 * positive - positive
383 F11 12 * - - positive
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9.2 Appendix B

Table 9.11: Salmonella antibody-ELISA results from blood serum samples (sampling
 day 1 and 2) and meat juice samples (sampling day 3) of each animal from
 farm F11.

antibody-ELISA resultsSamples
number

Animal
identification

Breeder
Sampling

day 1
Sampling

day 3
Sampling

day 4
1 P1 P - - -
2 Q1 Q - - -
3 R1 R - - -
4 S1 S - - positive
5 R2 R - - -
6 T1 T positive positive positive
7 T2 T - - -
8 T3 T - - -
9 T4 T - - -
10 R2 R - - -
11 U1 U - - -
12 Q2 Q - - -
13 V1 V - positive positive
14 V2 V - - positive
15 Q3 Q positive - -
16 W1 W - - -
17 V3 V positive positive -
18 W2 W - - -
19 P2 P positive positive positive
20 Z1 Z - positive -

Table 9.12: Results of the pen floor swab samples from farm F11 by
 microbiology method.

Sampling
Day

Age of
 animal

Pen
number 1

Pen
number 2

Pen
number 3

Pen
number 4

0 Empty pens negative negative negative negative
1 ~35 kg negative negative negative negative
2 35-65 kg negative negative negative negative
3 65-120 kg negative negative negative negative

Table 9.13: Results of the feces samples from farm F11 by microbiology method.

Sampling
Day

Age of
 animal

Pen
number 1

Pen
number 2

Pen
number 3

Pen
number 4

0 Emptly pens no feces no feces no feces no feces
1 ~35 kg negative negative negative negative
2 35-65 kg negative negative negative negative
3 65-120 kg negative negative negative negative
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Table 9.14: Results of the jejunum with  lymph node samples and tonsil samples of
 farm F11 by PCR technique.

ResultsSamples Number
of animal

Name
of farm jejunum tonsil

1 P1 P - -
2 Q1 Q - -
3 R1 R - -
4 S1 S - -
5 R2 R - -
6 T1 T - -
7 T2 T - -
8 T3 T - -
9 T4 T - -
10 R2 R - -
11 U1 U - -
12 Q2 Q - -
13 V1 V - positive
14 V2 V - positive
15 Q3 Q - -
16 W1 W - -
17 V3 V - positive
18 W2 W - -
19 P2 P - positive
20 Z1 Z positive positive

Table 9.15: Salmonella antibody-ELISA results from blood serum of each animal from
 farm F13.

antibody-ELISA resultsSamples Animal
identification

Breeder
Sampling

day 1
Sampling

day 2
Sampling

day 3
1 A1 A - - -
2 A2 A - - -
3 A3 A - - -
4 A4 A - - -
5 A5 A - - positive
6 B1 B - positive -
7 B2 B - - -
8 B3 B - - -
9 B4 B - - -
10 B5 B - - -
11 C1 C - - -
12 C2 C - - -
13 C3 C - - -
14 C4 C - - -
15 C5 C - - -
16 D1 D - - -
17 D2 D - - -
18 D3 D - positive -
19 D4 D - - -
20 D5 D - - -
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Table 9.16: Results of the pen floor swab samples from farm F13 by
 microbiology method.

Sampling
Day

Age of
 animal

Pen
number 1

Pen
number 2

Pen
number 3

Pen
number 4

0 Disinfectant negative negative negative negative
1 3-4 weeks negative negative negative negative
2 35-65 kg negative negative negative negative
3 65-120 kg negative positive negative negative

Table 9.17: Results of the feces samples from farm F13 by microbiology method.

Sampling
Day

Age of
 animal

Pen
number 1

Pen
number 2

Pen
number 3

Pen
number 4

0 Disinfectant no feces no feces no feces no feces
1 3-4 weeks negative negative negative negative
2 35-65 kg negative negative negative negative
3 65-120 kg negative positive positive positive
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9.3 Appendix C

Reagent

buffered peptone water (Merck, Darmstadt, Germany, Art. No. 1.07228)
Composition
Peptone 10.0 g
Sodiumchloride   5.0 g
Phosphatebuffer 10.0 g
Aq. dest. 1000.0 ml
pH 7.2 ± 0.2
Autoclave  15 min. at 121 °C

CTAB-buffer
Composition
Sodiumchloride 81.8 g
Cetyltrimethylammoniumbromide (CTAB) 20.0 g
TRIS-Base 12.1 g
EDTA   5.8 g
Buffer solution with HCl pH 8.0
Aqua dest. 1000 ml

10x TBE buffer
Composition
Tris base 108 g
Boric acid   55 g
0.5 M EDTA    40 ml
Aq. dest. To 1000.0 ml
pH 8.0

50x TAE buffer
Composition
Tris base 242 g
glacial acetic acid  57.1 ml
1 M EDTA 100 ml
Aq. dest. To 1000.0 ml
pH 8.0

Ethidium bromide ( stock solution)
Ethidium bromide 10 mg/ml in Aq. dest.

DNA loading buffer
Composition
bromphenol blue 0.25%
xylene cyanol 0.25%
glycerine 30%
in Aq. dest.
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Media

Rappaport-Vassiliadis enrichment medium (Merck, Darmstadt, Germany, Art. No.
1.10236)

Composition
Peptone from casein                  5.0 g
Sodiumchloride                         8.0 g
di-Potassium hydrogen phosphate 0.8 g
Magnesium chloride                40.0 g
Malachite green                         0.12 g
Aq. dest.                             1000.0 ml

pH 6.0 ± 0.2

Selenit-Cystine enrichment medium (Merck, Darmstadt, Germany, Art. No.
1.07709)

Composition
Peptone from casein                   5.0 g
L(-)Cystine                               0.01 g
Lactose                                       4.0 g
Phosphatebuffer                       10.0 g
Sodium hydrogen selenite          4.0 g
Aq. dest.                           1000.0 ml
pH 7.2 ± 0.2

Rambach agar (Merck, Darmstadt, Germany, Art. No. 7500.0001)

Composition
Peptone                                       5.0 g
Yeast extract                               2.0 g
Meat extract                                1.0 g
Sodium chloride                          5.0 g
Sodium desoxycholate                 1.0 g
Chromogen-mixture                    1.5 g
Propylenglycol                           10.5 g
Agar-agar                                   15.0 g
Aq. dest.                                1000.0 ml
pH 7.3 ± 0.2
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Brilliant-green phenol-red lactose sucrose agar (Merck, Darmstadt, Germany, Art.
No. 1.10747)

Composition
Peptone from meat                     5.0 g
Meat extract                               5.0 g
Yeat extract                                3.0 g
di-Sodium hydrogen phosphate 1.0 g
Sodium dihydrogen phosphate  0.6 g
Lactose                                     10.0 g
Sucrose                                     10.0 g
Phenol red                                0.09 g
Brillant green                       0.0047 g
Agar-agar                                 12.0 g
Aq. dest.                             1000.0 ml

 pH  6.9 ± 0.2

Standard I nutrient agar (Merck, Darmstadt, Germany, Art. No. 1.07881)

Composition
Peptone                                    15.0 g
Yeast extract                              3.0 g
Sodium chloride                         6.0 g
D(+)Glucose                              1.0 g
Agar-agar                                 12.0 g
Aq. dest.                              1000.0 ml
pH 7.5 ± 0.2           Autoclaved 15 min. at 121°C

The urease medium (Merck, Darmstadt, Germany)

Composition
Peptone                                           1.0 g
Glucose                                           1.0 g
Sodiumchloride                               5.0 g
di-Potassium hydrogen phosphate  2.0 g
Phenol red                                       6.0 ml
Agar-agar                                       10.0 g
Aq. dest.                                    1000.0 ml

pH 6.8 ± 0.2     Autoclaved 15 min. at 121°C
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Triple sugar iron agar (Merck, Darmstadt, Germany, Art. No. 1.03915)

Composition
Peptone from casein                 15.0 g
Peptone from meat                     5.0 g
Sodium chloride                         5.0 g
Lactose                                     10.0 g
Sucrose                                     10.0 g
D(+)glucose                                1.0 g
Ammonium iron (III) citrate      0.5 g
Sodium thiosulfate                     0.5 g
Phenol red                              0.024 g
Agar-agar                                 12.0 g
Aq. dest.                             1000.0 ml

pH 7.4 ± 0.2     Autoclaved 15 min. at 121°C
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