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ABSTRACT 

Pigs are considered imponant reservoirs for pathogenic Yersinia spp. which cause disease in 

humans. Results of many surveys have demonstrated the common occurrence of Y. 

enterocolitica and related species in the tonsils and intestinal tract of healthy slaughter-age 

pigs. However, the source of infection remains unclear. There is a dearth of information as to 

when pigs become infected hence, there is a need to conduct further studies not only among 

slaughter pigs but also among pigs belonging to different age groups on the farm. This study 

was conducted to determine the faecal and tonsillar carriage of different Yersinia spp. by pigs 

belonging to different age groups, characterise the species isolated by biochemical and 

serological methods, and determine the in vitro virulence characteristics of the isolates by 

simple assays. 

The study was conducted in two phases: first on a known or suspect Y. enterocolitica-positive 

farm within Massey University and second in a slaughterhouse where pigs from the suspect 

farm are sent for slaughter. A total of 54 faecal samples were collected from pigs belonging to 

six different age groups including 3-4 days, 2 weeks, 3 weeks, 4 weeks, 8 weeks and 12 weeks 

together with samples from the sow and one pooled sample from the floor. All of the 54 faecal 

samples collected were found negative for Yersinia spp. after the 21-day cold enrichment, 

subsequent plating onto CIN agar and use of primary screening tests. In the second phase, a 

total of 50 samples representing 25 faecal and 25 palatine tonsils were collected from 

slaughter pigs with ages ranging from 20-24 weeks. Out of the 25 faecal samples, there were 

two isolates of Yersinia frederiksenii and one isolate of the unusual or new biotype of Yersinia 

enterocolitica. Of the 25 samples of palatine tonsils collected, three of the isolates were 

unusual strains of Y. enterocolitica and two were Y. pseudotuberculosis Group I or serotype I. 

All isolates were confirmed by biochemical tests. The two isolates of Y. pseudotuberculosis 

were confirmed as Group I by serological tests. In this study, sample collections were done in 

the months of August and October when Group I was isolated conforming to the results of De 

Allie (1994) when serotype I was found only in winter and spring. 

The pathogenic potential of the eight isolates of Yersinia spp. were tested for in vitro virulence 

associated characteristics using the four simple tests namely salicin fermentation/aesculin 

hydrolysis, D-xylose fermentation, pyrazinamidase (PYZ) test and Congo Red-magnesium 

oxalate (CR-MOX). In this study, the unusual strains of Y. enterocolitica isolated from the 
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tonsils and faeces were salicin-aesculin positive, xylose-positive, CR-MOX negative and PYZ 

negative. Except for PYZ, all three tests suggest the non-pathogenic potential of this unusual 

strain of Y. enterocolitica. The pathogenic potential of Y. pseudotuberculosis Group I isolated 

from the pig tonsils was shown by CR-MOX and PYZ tests. Both isolates were CR-MOX 

positive and PYZ negative. Y. pseudotuberculosis is considered a potential pathogen as shown 

by in vitro virulence tests and should not be overlooked as a causative of human disease. 

It was shown in this study that not all pigs are infected with pathogenic and non-pathogenic 

species of Yersiniu even if t.'1ey have been established to harbom the organisms either in their 

tonsils or faeces. However, pigs sent for slaughter may carry Yersinia spp. in their tonsils or 

faeces suggesting the role of other factors such as management and husbandry practices or 

contact with other animals during lairage, or from possible cross-contamination during 

processing at the slaughterhouse. Slaughter pigs are important source of Y. enterocolitica 

infections in humans, hence it is important to prevent or reduce the risk of possible 

contamination in the slaughterhouse by these organisms. Further investigations are needed to 

determine the pathogenic potential of the unusual strains of Y. enterocolitica and its possible 

role as a causative agent in human disease. Since Yersinia spp. were not recovered from faecal 

samples of pigs in the farm belonging to different age groups in this study, there is a need to 

conduct further studies using tonsillar samples or swabs instead of faeces. As shown in this 

study and other published reports, tonsils yield more isolates of Yersinia spp. compared to 

faecal samples. 
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CHAPTER ONE 

REVIEW OF LITERATURE 

Section A: The Genus Yersinia 

INTRODUCTION 

The genus Yersinia comprises a group of Gram-negative, facultatively anaerobic bacilli that 

share a number of common biochemical, morphological and serological features with other 

genera of the family Enterobacteriaceae. There are at present 11 species recognised within 

the genus, three of which ( Yer-sinia pestis, Y. pseudotuberculosis, Y. enterocolitica) have 

been shown to be human pathogens (Comelis et al. 1987; Wauters et al. 1988; Bissett et al 

1990) and are classified as the three most important yersiniae (Robins-Browne and Hartland, 

1991 ). Y. pestis is the causative agent of bubonic plague (Black Death). The term yersiniosis 

now refers to infections caused by either Y. enterocolitica or Y. pseudotuberculosis, the age

old name "plague" being reserved for the disease caused by Y. pestis (Mair and Fox, 1986). 

Both Y. pseudotuberculosis and Y. enterocolitica in man and animals produce similar clinical 

signs which are gastrointestinal infections, septicaemia, erythema nodosum, mesenteric 

lymphadenitis, and reactive polyarthritis. The other strains previously known as "Y. 

enterocolitica-like organisms" are now classified as 7 separate species namely: Y. 

frederiksenii, Y.  kristensenii, Y. intermedia, Y.  aldovae; Y. rhodei, Y.  mollaretii and Y. 

bercovieri ( Aleksic et al. 1987; Bercovier et al. 1984; Brenner et al. 1980; Wauters et al. 

1988). One other species, Y. ruckeri, a fish pathogen responsible for red mouth disease in 

rainbow trout and other fish (Aleksic et al. 1987) has been delineated as a separate species. It 

has only been found in North America and has not been implicated in human disease (Mair 

and Fox, 1986). Biochemically, Y. pseudotuberculosis is a remarkably homogeneous species 

whereas Y. enterocolitica and the former Y. enterocolitica-like bacteria constitute a fairly 

heterogeneous group of bacteria including both well established pathogens and a range of 

environmental strains ubiquitous in terrestrial and freshwater ecosystems (Bryant, 1983; 

Kapperud, 1991). 

The pathogenic significance of Y. enterocolitica is mainly associated with a few serogroups. 

There is a strong indirect evidence that pigs and food products of porcine origin are the major 

sources of human infection. Porcine and human strains have been found indistinguishable by 
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biochemical, serological and phage-typing methods (Hurvell, 1981; Wauters, 1979) hence, 

pigs are suspected of being the major source of infection for man. Y. enterocolitica 

serogroups 0:3 and 0:9 which have been isolated from pigs are the dominant human 

pathogens m most parts of the world (Kapperud, 1991; Wauters, 1981). Y. 

pseudotuberculosis although relatively uncommon compared to Y. enterocolitica, exhibits 

similar clinical characteristics in humans. The diseases caused by Y. pseudotuberculosis and 

Y. enterocolitica can be regarded as manifestations of a number of primary, acute infections 

and secondary, immunological complications (Mair and Fox 1986). 

HISTORY AND GEOGRAPHICAL DISTRIBUTION 

a. Yersinia enterocolitica 

Yersinia enterocolitica was first associated with human disease in 1939 by Schlefstein and 

Coleman (as cited in Schiemann 1989) when they described five cultures of bacteria isolated 

from human infections. Two of the cultures were isolated from facial lesions and three from 

the intestines of patients with enteritis. They thought the bacteria resembled Bacillus 

lignieresi and Pasteurella pseudotuberculosis. Over the next 20 years, there were sporadic 

reports on the isolation of similar organisms which was then called Bacterium 

enterocoliticum mostly from children with enteritis (Schiemann, 1989). In Europe, the first 

recognition of human infections with a bacterium that resembled but yet differed in several 

aspects from Pasteurella pseudotuberculosis was made by Hassig et al. in 1949 (as cited in 

Schiemann 1989). Several additional isolations were then reported in which various names 

were given to the isolated organism (Pasteurella pseudotuberculosis b, Pasteurella X and 

"Genne X"). The genus Yersinia had been proposed to honour the French bacteriologist 

Yersin, who in 1894 had isolated the plague bacillus during an epidemic in Hong Kong 

(Schiemann, 1989). Yersinia enterocolitica was officially named by Frederiksen in 1964 

(Ostroff, 1995). During the last half of the same decade in which the bacterium was named, 

many reports appeared on the association of this organism with human disease especially 

enterocolitis. From then on, the organism was isolated with increasing frequency from man 

and animals and from some foods for human consumption. By 1976 it had become a cause 

for some concern in both human and veterinary medicine (Morris and Feeley, 1976). 
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The widespread nature of Y. enterocolitica has been well documented. By the mid 1970s, 

Mollaret et al. (1979) had compiled reports of isolates from 35 countries on six continents. 

The geographical distribution of Y. enterocolitica isolation rapidly expanded with reports 

from Sweden (Winblad et al. 1966), Finland (Ahvonen, 1973; Toivanen et al. 1973), Belgium 

(Vandepitte et al. 1973; Wauters, 1970), Denmark (Christensen, 1987; Jensen et al. 1995), 

Japan (Zen-Yoji and Maruyama, 1972), Hungary (Szita et al. 1973), Czechoslovakia 

(Rakovsky et al. 1973), Africa (Agbolanhor et al. 1983), South Africa (Rabson et al. 1973), 

Israel (Shmilovitz and Kretzer, 1978), Canada (Albert and Lafleur, 1971; Lafleur and 

Martineu, 1973), USA (Bissett, 1976; Weaver and Jordan, 1973; Snyder et al. 1982;), UK 

(Cover and Aber, 1989), Norway (Kapperud, 1986), Australia (Steele and Dermott 1979; 

Marriott, 1985, 1987), Italy (Chiesa et al. 1987; Mingrone et al. 1987) and New Zealand 

(McCarthy and Fenwick, 1990). 

According to Mollarett et al. ( l979), a correlation exists between geographic areas and the 

serogroups associated with disease in man. There is a distinct geographical distribution of 

serotypes and biotypes of Y. enterocolitica with 0:3 and 0:9 being the known prevalent 

pathogenic strains for humans in Europe, Canada and Japan and serotype 0:8 in the USA 

(Bissett et al. 1990). Later however, there is an emergence of serotype 0:3 over 0:8 in 

human Y. enterocolitica infections where the serotypes in fact accounts for the majority of 

the isolates (Anon., 1990; Ostroff, 1995). Although the reasons are unclear, serogroup shifts 

are most unique to the United States. In the latter part of the 1980's increases in Y. 

enterocolitica 0:9 infections were noted in Great Britain (Prentice et al. 1991) and serogroup 

0:8 has appeared in France, Italy and more recently in Japan (Chiesa et al. 1985; Ichinoe et 

al. 199 1; Chiesa et al. 1991a; Chiesa et al. 1991b). 

Yersinia enterocolitica infection has become recognised as a major cause of gastro-enteritis 

in the developed world, particularly in Northern Europe (Cover and Aber, 1989; Black and 

Slome, 1988). In other parts of Europe and in Japan and Canada, the isolation rate of this 

bacterium from patients with gastro-enteritis rival those of Salmonella (Christensen, 1987; de 

Groote et al. 1982; Hiroshi, 1981; Marks et al. 1980; Van Noyen et al. 1981). The disease is 

uncommon in tropical and developing countries (Robins-Browne, 1992), however, there are 

reports of isolation of Y. enterocolitica from pigs in Nigeria (Adesiyun et a/.1986), and 

Singapore (Ho and Koh, 1981), and from pigs and humans in Nigeria (Agbonlahor et al. 

1985; 
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Ikheloa et al. 1992; Lombin et al. 1985; Okoroafor et al. 1988; Samadi et al. 1982). The first 

report of the isolation of the organism in Trinidad and possibly the West Indies was done by 

Adesiyun et al. I 992. In Latin America, yersiniosis has been reported from Brazil and 

Argentina involving both Y. enterocolitica and Y. pseudotuberculosis infection (Falcao 198 1, 

1987; Mollaret et al. I 979). 

b. Yersinia pseudotuberculosis 

Diseases due to Yersinia pseudotuberculosis has been recognised since the end of the 19th 

Century, when in 1883 Malassez and Vignal (cited in Schiemann 1989) isolated the 

organism from a guinea pig inoculated with pus from a child with tuberculous meningitis. 

This Gram-negative coccobacillus was then described in more detail and was named Bacillus 

tuberculosis rodentium in 1889 by Pfeiffer. And because of frequent association with guinea 

pigs used in tuberculosis research, the species designation "pseudotuberculosis" came into 

use (Schiemann, I 989). The first human isolation of Y. pseudotuberculosis was done by 

Saisawa in 1908 (cited in Tsubokura et al. 1970) from a patient with septicaemia. The 

bacterium was known under various names including Pasteurella pseudotuberculosis for 

nearly 50 years. The organism was considered a pathogen in a variety of animal species. 

(Tsubokura et al. 1970). However, in the early 1950s that status changed abruptly with the 

reports by Masshof in 1953 and Masshof and Delle ( 1953) who isolated this micro-organism 

from lymph nodes in children undergoing surgery for appendicitis and described the bacteria 

as the cause of an "abscess-forming reticulocytic lymphadenitis." In 1954, K.napp and 

Masshoff, confirmed their association with Y. pseudotuberculosis infection. Cases were then 

diagnosed in Germany \vhich were mostly done by serologic means. Subsequent reports of 

hundreds of cases originated primarily in Europe (Schiemann, 1989). In 1962, Daniels 

suggested that the organism was responsible for the mesenteric lymphadenitis often observed 

at laparotomy where the appendix appeared normal. Since then, Y. pseudotuberculosis has 

been associated with a variety of human diseases including mesenteric lymphadenitis, 

terminal ileitis, arthritis and septicaemia (Mollarett, 1965). 

The incidence of human infections with Y. pseudotuberculosis has remained far lower in 

North America than in Europe (Finlayson, 197 1; Hubbert et al. 197 1). Several large 

outbreaks have also been reported in Japan since 198 1 (Inoue et al. 1984; Sanbe et al. 1987). 

These reports implicated foods as the vehicles of transmission, however, the foods 
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responsible were not bacteriologically identified. Y. pseudotuberculosis is a well recognised 

animal pathogen which causes zoonotic infections (Mair, 1975; Paff et al. 1976; Saari and 

Triplett, 1974). The organism has a world-wide distribution and affects a variety of animals 

including rodents, lagomorphs, carnivores, primates and a wide range of birds (Parsons, 

1991). Pseudotuberculosis has also been reported in captive animals in zoological collections 

(Keymer, 1976; Obwolo, 1976; Baskin et al. 1977; Jones 1980), most commonly in birds, 

rodents and primates. Several studies done in Europe, Canada and Japan have shown that 

pigs are important reservoirs of Y. pseudotuberculosis (Narucka and Westendoorp, 1977; 

Toma and Deidrick, 1975; Tsubokura et al. 1976; Zen-Yoji et al. 1974). 

GENERAL CHARACTERISTICS OF YERSINIA SPP. 

The bacterium 

The genus Yersinia shares many characteristics of the family Enterobacteriaceae. They are 

straight rods or coccobacilli, approximately 0.5-0.8 ).lm in diameter and 1.3 ).lm in length, 

often pleomorphic, Gram-negative, facultatively anaerobic, oxidase-negative and catalase

positive. The organisms can grow on simple media. They are also able to ferment glucose and 

other carbohydrates with acid production but little or no gas. Phenotypic characteristics are 

often temperature-dependent, e.g. the organisms are generally non-motile when grown at 37 ° 

C but motile with peritrichous flagella when grown below 30 ° C (except for Y. pestis which 

is always non-motile). Cultures grown at 25 ° C show peritrichous flagella with one to 18 

flagella per cell while few or no flagella are observed in cultures grown at 37 o C (Nilehn, 

1969). An interesting characteristic of most Yersinia spp. is the temperature-dependent 

expression of a number of phenotypic traits such as motility, biochemical properties and 

virulence-associated markers (Bottone, 1977). In general, more characteristics are expressed 

by cultures incubated at 25-29 ° C than at 35-37 ° C (Bercovier and Mollaret, 1984). 

Biochemically, strains of Y. enterocolitica are heterogeneous. Typical strains of Y. 

enterocolitica ferment sucrose but cannot utilise rhamnose, citrate, a.-methyl glucose or 

melibiose (Bottone, 1977). Atypical strains of Y. enterocolitica may be divided into four 

major groups, two of which are sucrose-negative and two of which are rhamnose-positive 

(Swaminathan et al. 1982). On the other hand, Y. pseudotuberculosis is a homogeneous 

species (Mair and Fox, 1986). 



6 

Growth requirements 

Yersinia enterocolitica is not a nutritionally fastidious organism when grown at 28 cc but 

may require additional factors for growth at 37 cc (Swaminathan et al. 1982). It can grow 

fairly well on simple media such as nutrient agar becoming confluent within 24 hours. Poor 

growth on selective media at 35-37 cc is due primarily to increased toxicity of selective 

agents, and an additional requirement for calcium by plasmid-positive strains (Schiemann, 

1989). Y. enterocolitica will grow in a simple glucose salts medium but very slowly. The pH 

range for the survival and growth of Y. enterocolitica appears to be 4.6-9. 0 (Hanna et al. 

1977; Stem et al. 1980) with the optimum range being pH 7.0-8.0 (Hanna et al. 1979). At 4 

cc, strains of Y. enterocolitica grow slowly at pH values of 5.2 and 5.4 but show heavy 

growth at pH 5.6-7.6 (Seelye and Yearbury, 1979). Falcao et al. (1979) suggested a pH range 

between 7.6 to 7.9 for optimum growth. Y. enterocolitica is a psychrotroph, and this property 

has provided the most successful basis for isolation of low numbers from mixed cultures 

present in foods, water and faeces. The success of low-temperature enrichment is not because 

all other bacteria stop growing or die, but because the growth rates of microbial antagonists 

are slowed relative to that of Yersinia enterocolitica (Schiemann, 1989). 

Burrows and Gillett ( 1966) described the minimal nutritional requirements for growth of 

Yersinia pseudotuberculosis. At 28 cc, Y. pseudotuberculosis required no supplement or 

either thiamine or pantothenate for growth but needed additional nutritional requirements at 

37 cc. For Y. pseudotuberculosis these were any three or four factors; glutamic acid, 

thiamine, cystine and pantothenate (Schiemann, 1989). 

Both Y. enterocoiitica and Y. pseudotuberculosis can survive better under alkaline conditions 

than any other Gram-negative bacterium (Aulisio et al. 1980; Schiemann, 1983). 

Y. enterocolitica is remarkably tolerant to bile salts and other surface active agents 

(Schiemann, 1980). This tolerance appears to be greater in pathogenic than in non-pathogenic 

serovars which is an added advantage in isolation media containing bile salts. 

Y. enterocolitica is unable to survive heat treatment for 3 minutes at 60 cc (Hanna et al. 

1977). and is destroyed by standard pasteurisation methods (Francis et al. 1980; Hanna et al. 

1977). The organism appears to withstand freezing well, with numbers decreasing only 

slightly in chicken meat after 90 days storage at -18 oc (Leistner et al. 1975). Hanna et al. 
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( 1977) however, found that atypical strains died rapidly during frozen storage of inoculated 

beef. Y. enterocolitica has also been reported to grow and survive for long periods in water 

and can survive on the outside of milk cartons for more than 21 days (Stanfield et al. 1985). 

There are recent studies which also indicate that Y. enterocolitica can proliferate in blood 

donated for transfusion and stored at +4 °C for more than 3 weeks (Ardiuno et al. 1989; 

Jones et al. 1993). 

Isolation and Identification 

Isolation 

Yersinia spp. have been isolated from a wide variety of biological samples obtained from 

animals, the environment and foods. For many years the majority of Yersinia isolates was 

obtained from animals following necropsy. However, within the last decades, an increasing 

number of strains have been isolated by workers investigating the carriage of Yersinia spp. in 

apparently healthy domestic and wild animals (Toma and Deidrick, 1975; Kapperud, 1975, 

1977, 1981; Brewer and Corbel, 1983). Samples from animals include faeces and caecal 

contents (Mair and Fox, 1986), throat and rectal swabs from pig carcasses (Greenwood and 

Hooper, 1985), palatine tonsils from pigs (Hanna et al. 1980; Hunter et al. 1983; Nesbakken 

and Kapperud, 1985; De Boer et al. 1986). Environmental studies have shown that Y. 

enterocolitica and its related species can be readily isolated from surface and drinking water 

and from sewage sludge (Saari and Jansen, 1979; Langeland, 1983) while the presence of Y. 

pseudotuberculosis can be demonstrated on the surface and substratum of soil (Barre et al. 

1977). These organisms have also been isolated from a wide variety of foodstuffs including 

poultry products and beef (Leistner et al. 1975) , pig tongues (Wauters and Janssens, 1976), 

meat (Hanna et al. 1979) and milk (Aldova et al. 1975; Schiemann and Toma, 1979). Other 

samples would include pathological samples such as pus, blood, lymph nodes and faeces 

(Camiel and Mollaret, 1990). 

Cultural methods for the isolation of Yersinia enterocolitica from clinical and environmental 

samples are similar to those commonly used for the isolation of other enteric organisms of 

public health significance. These include enrichment in liquid media, isolation of pure 

cultures on selective differential plating media and identification of isolates by biochemical 

and serological tests (Swaminathan et a/. 1982). 
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Among the enteric pathogens, Y. enterocolitica is unique because of its ability to grow at 4 

0C. This property has been utilised by several investigators for the selective enrichment of Y. 

enterocolitica from foods, clinical specimens and environmental samples (Otsuki et al. 1973; 

Tsubokura et al. I973, 1975, I 976; Zen-Yoji et al. 1974; Eiss I 975; Greenwood et al. 1975; 

Inoue and Kurose 1975; Leistner et al. 1975; Toma and Deidrick 1975; Barre et al. 1976; 

Feeley et al. 1976; Hanna et al. I 976; Pedersen 1976; Lee 1977). 

Faeces is the most common type of clinical specimen examined for the presence of Y .  

enterocolitica (Schiemann, I989) and can be best recovered from specimens that are 

incubated at 25 °C or lower. Cold enrichment of highly contaminated specimens such as 

faeces, and incubating cultures at 4 °C for I to 3 weeks in phosphate-buffered saline (PBS) 

prior to subculture onto enteric media also enhances the recovery of Y. enterocolitica (Pai et 

al. 1979). Weissfeld and Sonnenwirth ( I 982) reported that pre-treatment of faeces with 0.5 

% potassium hydroxide at a ratio of I :2 for 2 minutes, followed by plating onto enteric media 

resulted in the recovery of the highest number of Yersinia spp. isolates. Thal ( 1 978) and 

Bissett ( 1 981 )  have presented more detailed reviews on the isolation and identification of Y. 

pseudotuberculosis. As in the case of Y. enterocolitica, cold enrichment has been useful for 

isolating Y. pseudotuberculosis (Oberhofer and Podgore 1980 as cited in Schiemann 1989). 

Enrichment of food samples, like faecal specimens, has emphasised the use of low 

temperature enrichment (Schiemann, I989). Aulisio ( 1 980) observed that Y. enterocolitica 

tolerated short exposures to weak alkali better than other Enterobacteriaceae and taking 

advantage of this property, mixed amounts of cold enrichment cultures from naturally and 

experimentally contaminated food samples with a solution of 0.5 % potassium hydroxide in 

0.5 % potassium chloride before streaking on MacConkey agar. The potassium hydroxide 

treatment was reported to increase the yield of Y. enterocolitica four-fold, and the sensitivity 

IOO-fold. 

Most strains of Y. enterocolitica will grow on selective enteric media such as Salmonella

Shigella (SS), Xylose-lysine-deoxycholate (XLD), MacConkey, Hektoen, and bismuth 

sulphite agars. Because of the toxicity of selective agar media at higher temperatures, 

incubation at 22-28 °C for 48 h is required for growth of Y. enterocolitica on these media 

with the exception of MacConkey agar. Colonies of Y. enterocolitica will appear as small, 

colourless (lactose-negative) colonies on MacConkey and Salmonella Shigella (SS) agars in 

48 hours. In some laboratories plates of MacConkey agar inoculated with stool specimens are 
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routinely incubated at room temperature (Schiemann, 1989). In 1979, Schiemann formulated 

a new agar medium for the isolation of Y. enterocolitica after extensive studies to determine 

optimum basal requirements of Y. enterocolitica and to evaluate the effect of selective 

chemical agents such as dyes. The new medium, cefsulodin-irgasan-novobiocin (CIN) agar 

was reported to provide quantitative recoveries of 40 strains of Y. enterocolitica representing 

various serotypes and was reported to be inhibitory to other enteric organisms (Schiemann 

1979). Several studies have found CIN agar to be superior for isolating Y. enterocolitica 

from both faeces and foods (Harmon et al. 1984; Head et al. 1982; Ratnam et al. 1983; 

Walker and Gilmour 1986). The superiority of CIN agar for the recovery of Y. enterocolitica 

from stool suspensions containing 10
2 

colony forming units (c.f.u.) or less has been reported 

by Head et al. (1982). 

The relative efficacy of three different isolation procedures with regards to the recovery of 

naturally occurring yersiniae from porcine tonsils were compared by Nesbakken and 

Kapperud ( 1985) by : (I)  Direct plating on CIN agar ; (2) Pre-enrichment in PBS + I % 

sorbitol (PSB) for 8 days followed by selective enrichment at 4 cc, followed by selective 

enrichment in modified Rappaport broth (MRB) for four days, at 20 to 25 cc , and (3) Cold 

enrichment in PSB (three weeks, 4 cq. The results indicated that PSB cold enrichment 

should be included in any combination regardless of the type of yersiniae sought. This 

procedure was the most effective single method for the recovery of Y. enterocolitica serotype 

0:3/biotype 4 and Y. kristensenii. 

Other investigators have recommended the combination of cold enrichment in M/15 

phosphate-buffered saline (PBS), pH 7 .6, with subsequent plating onto CIN agar for human 

and animal specimens (Davey et al. 1983; Okoroafor et al. 1988; Ratnam et al. 1983; Van 

Noyen et al. 1987a, 1987b). 

Y. pseudotuberculosis will grow on most clinical isolation media, e.g. blood agar and 

MacConkey, with the exception of bismuth sulphite agar, at both 25 c and 37 cc and under 

aerobic and anaerobic conditions (Schiemann 1989). Y. pseudotuberculosis is rarely isolated 

by faecal culture, even in confirmed cases of pseudotuberculous mesenteric lymphadenitis, 

probably because excretion of the organism has ceased before the onset of 

pseudoappendicular symptoms. If culture of faeces is attempted, Mair and Fox ( 1986) 

recommend the use of lactose-sucrose-urea agar as a selective medium. 
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Identification 

CIN agar provides a unique method of differentiation compared to other media: colonies are 

0.5 to 1.0 mm in diameter, slightly raised, smooth and with a distinctive red "bullseye" 

appearance. Primary screening of suspect colonies from selective media such as CIN may be 

accomplished by inoculating from each selected colony onto Triple sugar iron (TSI) agar 

slant and urea agar (Wauters, 1973). A third test is a modification of Edward and Fife's 

(1961) Lysine-Iron agar (LIA), to Lysine-Arginine-Iron agar (LAIA) (Weagant, 1983). This 

diagnostic medium provides five biochemical characteristics in a single tube that are suitable 

for presumptive identification of Y. enterocolitica. Typical reactions of Yersinia spp. on 

LAIA are alkaline slant (purple), acid butt (yellow), no hydrogen sulphide (H2S) production 

(no darkening of butt) or gas formation after 24 h incubation at 28-29 °C. 

Urease-positive strains that show acid butt plus alkaline or acid slant (A/A or K/A), no gas or 

blackening after 24 h at 28-29 °C on TSI are verified by Gram staining and motility testing at 

28 °C and 37 °C (Christensen 1980; Lassen 1975). Urease-negative strains of Y. 

enterocolitica have been reported, but there is no firm evidence that any of these strains are 

human pathogens (Schiemann, 1989). Identification of Yersinia bacteria of the species Y. 

enterocolitica can be completed by doing biochemical tests (incubated at 29 °C): sugars 

(sucrose, rhamnose, raffinose, melibiose, a-methylglucoside), aesculin, methyl red (MR), 

Voges-Proskauer (VP) at 29 and 37 °C, Simmon's citrate, ornithine, arginine and lysine. Y. 

enterocolitica is sucrose-positive and negative in all other sugars. The major biochemical 

tests that differentiate Y. enterocolitica from Y. pseudotuberculosis are ornithine 

decarboxylase, sucrose and sorbitol. Y. enterocolitica is positive for all three tests, whereas Y. 

pseudotuberculosis is negative. On TSI, Y. enterocolitica typically shows acid butt (yellow), 

acid slant (yellow) , no H2S and no gas, while Y. pseudotuberculosis shows acid butt 

(yellow), alkaline slant (red), no H2S and no gas. Y. pseudotuberculosis is almost always 

urease-positive as are most strains of Y. enterocolitica (Quinn et al. 1994). 

Biotypes and serotypes 

Yersinia enterocolitica and its related species represent a complex heterogeneous group from 

the point of view of their chemical and antigenic patterns. The biochemical heterogeneity 

observed among Y. enterocolitica strains led Nilehn ( 1969) to propose a biotyping scheme for 

Y. enterocolitica. A total of 330 isolates were examined by Nilehn and divided into five 
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biotypes on the basis of 13 biochemical tests. Wauters ( 1 970) divided Y. enterocolitica into 

four biotypes on the basis of their reactions to indole, xylose, aesculin, and salicin at 37 o and 

22 °C. The biotyping scheme proposed by Wauters et al. ( 1 987) involved the addition of new 

biochemical tests which include pyrazinamidase test, 5-D-glucosidase and proline peptidase. 

Biotype 1 was divided by these authors to differentiate the non-pathogenic environmental 

strains (lA) from the North American human pathogenic strains (I B). They also proposed the 

creation of biotype 6 to accommodate the non-pathogenic Y. enterocolitica strains within 

biotype 3, biotypes 3A and 3B. Further biochemical characterisations have now designated 

biotype 3A as Yersinia mollaretii and biotype 3B as Yersinia bercovier i (Wauters et al. 

1988). Differentiation of species within the genus Yersinia is shown in Table 1 (Bercovier et 

al. 1984; Wauters et al. 1988). Biochemical differentiation of the 6 biogroups of Y. 

enterocolit ica is shown in Table 2 ( Wauters et al. 1987) 

Serological methods were used in very early investigations to establish antigenic 

relationships among strains and between related species (Schiemann, 1989). Determination of 

the antigenic str:ucture will confirm the identity of the organism and indicate the serogroup to 

which it belongs. Serogrouping is performed by slide-agglutination using single factor 0-

agglutinating antisera prepared from rabbits hyperimmunised with autoclaved strains of 

different serogroups 

and subgroups (Mair et a/.1960). Yersinia enterocolitica 0-antigen representing factor 1 to 

57 (Wauters, 198 1 )  are recognised. Slide-agglutination with absorbed, specific 0-antisera 

prepared against serovars 0:3, 0:5,27, 0:8 and 0:9 should be sufficient to identify most 

strains responsible for human yersiniosis (Mair and Fox, 1986). 

Yersinia pseudotuberculosis has been classified into 6 serogroups (I-VI) determined by type

specific and heat-stable somatic 0 antigens. Types I, IT, IV and V have subtypes designated 

as A and B (Bissett 1981; Thai 1979). Serogroup I is very common in animals and has been 

most frequently associated with human infections (Hallstrom et al. 1972; Zaremba and 

Borowski 1973 as cited by Schiemann, 1989). Serogroups IT and ill are rare, but the latter 

group are common in healthy pigs (Mair et al. 1979; Tsubokura et al. 1973) .  Serogroups IV 

and V are rarely encountered (Bradley and Skinner 1974). 



Table 1. Biochemical diffel'entiation of species within the genus Yersinia 

Y. pseudo- Y. Y. Y. 
tuberculosis enterocolitica frederiksenii intermedin 

V + + 

+ + + 

+ I + + + 

I + + + 

+ I - + + 

I + + + 

+ + + 

V I + I - - + 

+ = 90 % or more strains are positive; - = 90 % or more strains are negative; 

V = 11 %-89 % of strains are positive. 

Adapted from: Bercovicr et al. 1984; Wautcrs et al. 1988. 
All tests were perfonned at 25 oc to 28 oc 

Y. 

I 
Y. 

kristensenii aldovae 

V 

+ + 

+ + 

- -

- + 

+ -

+ + 

- -

I 
Y. 

I 
Y. I 

Y. 
bercovieri mollaretii rhodei 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

- - V 
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Table 2. Biochemical differentiation of 6 Y. enterocolitica biogroups. 

Biogroups lA lB 2 3 4 5 6 

Lipase + + - - - - -

Aesculin/Salicin +I- - - - - - -

Indole + + (+) - - - -

TrehaloSeJNitrate + + + + + - + 

(3-D-Glucosidase + - - - - - -

Voges-Proskauer + + + + + (+) -

Proline peptidase V - - - - - + 

YERSINIOSIS IN HUMANS 

a. Yersinia enterocolitica 

A wide spectrum of clinical manifestations is caused by Y. enterocolitica such as 

gastrointestinal infections, septicaemia, erythema nodosurn, reactive arthritis, myocarditis, 

organ abscesses, subacute hepatitis and meningitis. Factors such as the age and the 

physiological state of the host and the pathogenic properties of the particular strain of the 

organism are important (Gemski et al l980; Gilmour and Walker 1988). 

The earliest recognition of Y. enterocolitica as a human pathogen was through its association 

with various gastrointestinal infections such as enteritis, terminal ileitis and mesenteric 

lymphadenitis (Schiemann 1989). Acute gastro-enteritis or enteritis is the most commonly 

recognised symptom of clinical yersiniosis (Bottone 1977; Vantrappen et al. 1982; Mair and 

Fox 1 986).  Although such infection occurs at all ages, the majority of patients are less than 

five years old (Vandepitte and Wauters 1979). The most common clinical symptoms are fever, 

abdominal pain and diarrhoea. Nausea and vomiting are rare but may also occur at a low 

frequency (Bottone 1977; Zen-Yoji 198 1 ;  Schiemann 1 989; Quinn et al. 1 994). 
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Terminal ileitis is a more frequent feature of Y. enterocolitica infection; ileal lesions are often 

severe and may be associated with haemorrhagic necrosis (Mair and Fox 1 986). Yersinia 

enterocolitica has been recognised as a cause of terminal ileitis and mesenteric adenitis in 

human beings since the 1 930's,  and a number of domestic animals including dogs, cats, cattle, 

sheep and pigs have been suggested as possible sources of infections (Robins-Browne 1 989). It 

is an invasive enteric pathogen. The bacteria gain access to the small intestine (terminal ileum), 

penetrate the lamina propria by passing through epithelial cells, and multiply in the Peyer's 

patches and lymph follicles causing the typical terminal ileitis (Carniel and Mollaret 1 990; 

Robins-Browne 1992). Usually the infection is limited to this area of the intestines, but the 

organisms may invade the mesenteric lymph nodes and give rise to a systemic infection. 

Septicaemia is considered a rare manifestation of infection by Y. enterocolitica (Mair and Fox 

1986), however, some cases of septicaemia have been reported mainly in elderly subjects (Mair 

and Fox 1 986). Almost all patients who develop systemic yersiniosis have an underlying 

immune or metabolic disorder, or pre-existing disease (Kapperud and Bergan, 1 984). 

Predisposing conditions include lymphoma, hepatic cirrhosis, uraemia, diabetes and iron 

overload ( Gallant et al. 1 986 ; Melby et al. l982; Rabson et al. 1972). Many patients with iron 

overload receive treatment with desferrioxamine B , a bacterial siderophore which promotes 

growth of Yersinia enterocolitica in vitro and in vivo. Thus, desferrioxamine B may add to the 

risk of systemic yersiniosis developing in patients with siderosis (Robins-Browne et al. 1 9 87). 

A variety of other illnesses may eventually result from the initial Y. enterocolitica gastro

enteritis including ·painful swellings and blotches (erythema nodosum) mainly on the legs and 

trunk (Winblad 1 98 1 )  of females over twenty years old (Mair and Fox 1 986). The eruption 

occurs after a prodromal period lasting 4- 14 days. 

Of the immunological sequelae of yersiniosis, reactive arthritis is the best described (Robins

Browne 1 992). This manifestation is infrequent before the age of 1 0  years. Most cases have 

occurred in Scandinavian countries where serogroup 0:3 strains and the HLA-B27 

histocompatibility antigen are prevalent. Arthritis typically follows the onset of diarrhoea or the 

pseudoappendicular-like syndrome by two weeks with a range of one to 30 days. Other 

autoimmune complications of yersiniosis include Reiter's  syndrome, iridocyclitis, acute 

proliferative glomerulonephritis and rheumatic-like carditis. 

A number of atypical manifestations may occur in debilitated individuals such as myocarditis, 

subacute hepatitis, organ abscesses, meningitis and urethritis (Kapperud and Bergan 1984). 
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b. Yersinia pseudotuberculosis 

Human infections with Yersinia pseudotuberculosis have been reported worldwide, but in most 

countries the incidence appears to be lower than for Y. enterocolitica (V an Noyen et al. 1995). 

Many cases of Y. pseudotuberculosis infection have been reported mainly from Europe 

(Bottone 1 977), with a few outbreaks reported in Finland (Tertti et al. 1984; 1 9 89) and Japan 

(lnoue et al. 1 984; 1988 ;  S anbe et al. 1987; Nakano et al. 1989). 

Before 1 954, only a septicaemic form of Y. pseudotuberculosis infection (Schiemann 1989) 

was recognised. The illness resemblings typhoid fever, occured most commonly in adults with 

hepatic disease or myoproliferative disorders, and was usually fatal. Gastrointestinal diseases 

are now recognised more commonly. Y. pseudotuberculosis is now associated with a variety of 

human diseases such as mesenteric lymphadenits, terminal ileitis, arthritis and septicaemia 

(Mollaret 1 965; Mair and Fox 1986). 

Manifestations of the disease is usually less severe in man than in animals. The organisms 

migrate to the ileum and mesenteric lymph nodes, but neither colonises the spleen and liver nor 

invades the bloodstream (Carniel and Mollaret 1990) . Fever occurs frequently but this is 

usually low grade. The most constant symptom is abdominal pain in the right lower quadrant. 

According to Mair and Fox (1986), the pain is due to mesenteric lymphadenitis which mimics 

appendicitis (pseudoappendicular syndrome) and often leads to surgery. After laparotomy, the 

appendix is found to be normal but is surrounded by enlarged, inflamed and infected mesenteric 

lymph nodes. Progressively, the infection ascends along the lymphatic route, affecting the distal 

lymph nodes while the proximal nodes become sterile. The disease is usually self-limiting and 

the clinical symptoms disappear even without treatment. The infection rarely leads to intestinal 

necrosis (Ahvonen 1 972). Diarrhoea accompanying the abdominal pain is mild and not 

constantly found. 

The most common secondary complications are erythema nodosum and reactive polyarthritis 

which occur a few weeks after the acute phase. Arthritis is frequently associated with the 

presence of Ill .. A-B27 antigen (Aho et al. 1 973). Apart from the polyarthritis associated with 

epidemic pseudotuberculosis, and the arthralgia present in erythema nodosum, joint 

involvement is rarely reported as a complication of Y .. pseudotuberculosis infection (Mair and 

Fox 1 986). 



16 

Far-eastern scarlatiniform fever or epidemic pseudotuberculosis, a severe form of 

pseudotuberculosis, appears to be confined to the far-eastern territories of the former Soviet 

Union. The disease is characterised by fever, a scarlatiniform rash, arthralgia and acute 

polyarthritis. Symptoms indicative of fever and gastrointestinal lesions have also been reported 

(Mair and Fox 1986). 

Y. pseudotuberculosis infection in children is not a rare disease in Okayama district, Japan. 

The clinical manifestations of Y. pseudotuberculosis such as mesenteric lymphadenitis and 

terminal ileitis, occurring mainly in elderly patients are not well known in children (Sato 1987). 

Based on their study, the clinical features of infection in children were somewhat different from 

those of European reports wherein the Kawasaki syndrome-like illness or acute renal failure 

have not been described. The clinical findings in children were similar to the "Far-East scarlet

fever-like disease" that occurred in the USSR. The disease have occurred in epidemics affecting 

some 5,000 persons in the Far-East (Somov and Martinevsky 1973). 

EPIDEMIOLOGY 

Reservoirs of Y. enterocolitica and Y. pseudotuberculosis 

1. Animals 

For many years, animals have been regarded as the main source of human Y. enterocolitica 

infections. Numerous surveys have been conducted in an attempt to identify specific reservoirs. 

Results of these surveys have shown that while many animals carry strains of Y. enterocolitica, 

pigs appear to be the principal carriers of the serovars of Y. enterocolitica that are pathogenic 

to humans (Schiemann 1989). Pigs are the principal animal species which have been identified 

as carriers of serotypes 0:3 and 0:9 (Carniel and Mollaret 1990) as well as serotype 0:5,27 

(Hanna et al. 1980). Although a definite connection between isolates from pigs and human 

illness has still to be established, it has been suggested that pigs play an important role in 

human infection (Pedersen 1979; Wauters 1979). According to Schiemann (1989), the 

existence of a link between pig carriage and human infections has only been established 

through epidemiological investigations. 
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Dogs and cats have been found to harbour Y. enterocolitica, particularly serovar 0:3 (Fantasia 

et al. 1 985 ; Yanagawa et al. 1 978). Japanese studies have also shown that Y. enterocolitica 

may be obtained from 6-27 % of clinically healthy dogs (Yanagawa et al. 1978; Fukushima et 

al. 1 985). Disease in dogs due to Y. enterocolitica appears rare, but enteritis has been reported 

occasionally (Papageorges et al. 1983). There are a few cases of human yersiniosis which 

have been related directly to contact with infected dogs (Ahvonen et al. 1973;  Wilson et al. 

1976). 

Y. enterocolitica has also been isolated from cow faeces in the UK (Davey et al. 1 983) and in 

Australia (Hughes 1979). However, the strains were identified as Y. enterocolitica biotype 1 or 

one of the Y. enterocolitica-like species which are not commonly associated with human 

gastroenteritis. The bacteria has also been isolated from goats, cows (Inoue and Kurose 1 975 ; 

Wooley et al. 1980), horses and sheep (Nilehn 1 969; Wooley et al. 1980), monkeys (Nilehn 

1969; Van Darnme et al. 1978; Szita et al. 1 980), deer (Wetzler and Hubbert 1 968) and snails 

(Botzler et al. 1 976). The epidemiological significance of the isolation of Y. enterocolitica 

from such animals is still unknown (Swarninathan et al. 1 982) 

Many other animals including wild animals (including rodents), birds and insects have also 

been shown to harbour Y. enterocolitica. The bio-serotypes often isolated are not those 

commonly associated with human infections, but in Japan, bio-serotype 4/0:3 has been 

isolated from rats (Kaneko et al. 1978) and from both ham and flies in a pig processing plant 

(Fukushima et al. 1 979). In Alaska, pathogenic Y. enterocolitica was recovered from crabs 

(Faghri 1 984), and Y. enterocolitica biotype 2, serotype 0:5,27, demonstrating virulence 

characteristics was recovered from a common garter snake (Kwaga and Iversen 1 993). 

Generally, surveys of free-living animals yield many bacteria identified as Y. enterocolitica and 

related species, but these are rarely recognised as pathogenic forms (Bercovier et al 1 978;  

Kapperud 1 98 1 ;  Kapperud and Rosef 1983;  Kato et al. 1 985). 

Y. pseudotuberculosis is widely distributed among domestic pets (Fukushima et al. 1 984; 

1985; Mair et al 1 967 ; Tsobokura et al. 1 984; Yanagawa et al. 1 978 ;  Fukushima et al. 1 989), 

farm animals (Tsubokura et al. 1984), wild animals (Bercovier et al. 1978 ; Fukushima et al. 

1988 ; Tsubokura et al. 1984) and birds, and occasionally in reptiles (Obwolo 1 980). 

Fukushima et al. ( 1 984) reported that Y. pseudotuberculosis infection may be related to 

contact with environmental substances contaminated with Y. pseudotuberculosis during the 

cold months. Pets such as dogs and cats may become sources of infection and excrete up to 1 04 
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cells per gram o f  faeces.  Contact with infected animals is considered the most common mode of 

transmission of Y. pseudotuberculosis to humans. Animal reservoirs such as rats may also 

serve as sources of contamination of food and water for human consumption (K.aneko and 

Hashimoto 1 982). 

Like Y enterocolitica, Y. pseudotuberculosis has also been isolated from swine (Dickinson and 

Mocquot 196 1 ;  Toma and Deidrick 1975 ; Tsubokura et al. 1976; Zen-Yoji et al. 1974; 

Narucka and Westendoorp 1977) but does not appear to be an important pathogen for these 

animals (De Barcellos and Castro 1981 ). The presence of the organism in swine suggests that 

pork meat may be contaminated. The findings of Shiozawa et al. ( 1988) suggests that retail 

pork and swine may play an important role in the epidemiology of human infections caused by 

caused by Y. pseudotuberculosis. 

2. Water and Environment 

Y. enterocolitica and related species are widely distributed in the terrestrial environment 

including lakes, well and stream waters, which are sources of the organism for warm-blooded 

animals. There are also a few sporadic reports of yersiniosis where contaminated water has 

been implicated in disease outbreaks (Lassen 1 972; Keet 1974; Anon. 1975; Eden et al. 1 977; 

Tacket et al. 1 985) . Although Yersinia spp. have been isolated from several water types in 

many countries, the strains were largely atypical and not belonging to the biotypes associated 

with disease unless there was obvious evidence of faecal contamination from animals 

(Fukushima et al. 1 984; Walker and Grimes 1 985). In general, isolates of Y enterocolitica 

differ from those implicated in human disease (Toma 1973;  Schiemann 1 987 ). Y 

pseudotuberculosis is also widespread in the environment as the result of contamination by 

faeces of infected animals, mainly rodents and birds (Carniel and Mollaret 1 990). The potential 

for transmission of Y. pseudotuberculosis to humans via water contaminated by animals is 

very real, however, there is no documentation of w aterbome cases or outbreaks associated with 

this species of yersinia (Schiemann 1989). 

3. Humans 

It is not yet clearly evident as to whether humans serve as reservoirs of Yersinia spp. and if the 

organism is transmitted through the faecal-oral route. Although Y. enterocolitica appears to be 

more animal adapted, it is found more often among human i solates than in other species. In the 
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USA Shayegani et al. (198 1 ) ,  isolated 149 strains of human origin and found that 8 1 ,  1 2, 5 .4 

and 2 % respectively were Y. enterocolitica, Y. intermedia, Y. frederiksenii and Y. 

kristensenii. In Belgium (Wauters 198 1 )  and Japan (Kanazawa and lkemura 1979) strains of 

Y. enterocolitica have been isolated from apparently healthy individuals. Strains isolated are 

mainly biotype 1 and are considered clinically unimportant as they do not produce the disease, 

have similar incidence in both healthy and diseased individuals, are present in small numbers 

and are transient in the bowel microflora (Wauters 1981) .  Pathogenic bioserotypes have also 

been isolated from apparently healthy food handlers in Japan (Asakawa et al. 1979). Toivanen 

et al. ( 1 973) identified the potential for person-to-person transmission in a report of six 

hospital staff members who were infected with Y. enterocolitica serovar 0:9 after admission of 

a 9-year old school girl with persistent abdominal pain, diarrhoea and fever. Family members 

of two infected nurses also developed diarrhoea and abdominal pain. Vandepitte and Wauters 

( 1 979) discovered healthy carriers among family members of patients suffering from Y. 

enterocolitica infections or during routine faecal cultures in day-care nurseries. The incidence 

of infections due to Y. enterocolitica in young children who had no known contact with animals 

indicates that the organism may be transmitted by person-to-person contact (Albert and Lafleur 

197 1 ;  Lafleur et al. 1972; Bergstrand and Winblad 1974; Delorme et al. 1974; Dabemat et al. 

1979). 

4. Foods 

Y. enterocolitica has been isolated from a wide variety of foods such as milk and milk 

products, raw meats (beef, pork and lamb) poultry, vegetables and miscellaneous food products 

(Mollarett 1 979). Many of the isolates of Y. enterocolitica from foods are biochemically 

atypical and many do not agglutinate antisera prepared against known serotypes of Y. 

enterocolitica. The pathogenic properties of food isolates of Y. enterocolitica have been 

assessed by a few investigators (Mehlman et al. 1978;  Lee et al 1 9 8 1 ;  Schiemann 1 980). 

Because of the association between Y. enterocolitica 0:3 and pigs, the incidence of this 

organism in pork and pork products has been widely investigated (Gilmour and Walker 1988).  

Pigs and pork products are believed to become contaminated during slaughter or by 

incorporation of tongues in pork products. Strains of Y. enterocolitica have been isolated from 

beef and lamb (Leistner et al. 1 975) and from various beef products, but these strains were 

generally considered non-pathogenic. Poultry and poultry products (Norberg 198 1 ;  De Boer et 

al. 1982) as well as sea foods (Greenwood and Hooper 1 985) have also been found to contain 
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the bacteria. Y intermedia, Y frederiksenii and Y. enterocolitica biotype 1 were the strains 

identified from sea foods and were considered of limited public health significance. Raw milk 

has also frequently yielded bacteri a identified as strains of Y enterocolitica which have been 

occasionally associated with human disease (Schiemann 1978; Greenwood and Hooper 1 985; 

Walker and Gilmour 1986).  So far, none has been identified as pathogens (Schiemann 1 987; 

Gilmour and Walker 198 8). The occasional isolation of Y. enterocolitica in milk is attributed 

to improper pasteurisation or more likely to post-pasteurisation contamination (Gilmour and 

Walker 1988 ;  Schiemann 1989). Tofu has been proven to be a vector of yersiniosis. In the 

Netherlands, 1 1  % of the samples were contaminated with Y. enterocolitica and included 

strains occasionally associated with disease (Van Kooij and De Boer 1 985). So far, no other 

food reservoir of Y enterocolitica has been identified with the exception of porcine tongues and 

possibly ground pork (Schiemann 1989). 

Y. pseudotuberculosis has been identified as a potential food-borne organism because it is 

commonly occurring in domestic food animals in which it can cause disease. According to 

Schiemann ( 1 989), the epidemiological data supporting this conclusion is meager. With the 

exception of outbreaks occurring in families (Randall and Mair 1 962) , this kind of 

epidemiological data for Y. pseudotuberculosis is lacking. No epidemics attributable to ttJs 

micro-organism have been previously reported except the only known epidemic reported by 

Tertti et al. ( 1 988)  i n  Finland where 1 9  patients were involved i n  an outbreak of infection 

caused by Y. pseudotuberculosis serotype 3 .  In spite of active screening of the respective 

families and environments of the patients, the precise source of infection remains unknown. The 

potential for milk-borne transmission of Y. pseudotuberculosis was brought to attention when 

Jones et al. ( 1 982) isolated Y. pseudotuberculosis serovar l A  from mastitic goat' s milk. The 

link between a pig reservoir and transmission to humans is not clear, however, surveys 

conducted in Japan (Fukushima 1 985; Shiozawa et al. 1 987) have shown that revealed that 2 

% of retail pork tongue and 0.8 % of ground pork samples were contaminated with Y. 

pseudotuberculosis. In another study conducted by Shiozawa et al. ( 1988),  several virulence 

factors and plasmid profiles of Y. pseudotuberculosis isolated from pork or swine were 

investigated. The virulence factors of pork and swine isolates were found to be identical to 

those of human isolates and were considered potentially pathogenic for humans. 
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Modes of Transmission 

The epidemiology of yersiniosis is rather complex and not fully established. Contact with 

infected animals and people or consumption of contaminated food have been mentioned as the 

most widely modes of transmission (Sonnenwirth and Weaver 1970; Gutman et al. 197 3). 

Based on clinical and epidemiological data, the most likely portal of entry of Y. enterocolitica 

in both man and animals is the digestive tract. The organism has been isolated from intestinal 

contents of a large number of animals and stools of affected individuals. Therefore, it has also 

been presumed that this organism would follow the same epidemiological pattern as the other 

members of Enterobacteriaceae, e.g. various Salmonella and Escherichia species (Hurvell 

1 98 1 ). 

The most frequently documented mode of transmission of Y. enterocolitica has been via foods, 

milk and milk products and water (Cover and Aber 1989). Cooked food can be contaminated 

by animal faeces, via flies, and occasionally from human sources. Water, milk, cream, pork, 

tongue, beef, lamb and blood sausage have been incriminated in outbreaks of illness (Quinn et 

al. 1994) . Because Y. enterocolitica is able to grow at low temperatures, refrigerated foods 

initially contaminated with a small number of bacteria may serve not only as vehicles of 

transmission but also as media for growth (Stern and Pierson 1979). A study by Tauxe et al. 

( 1987) in Belgium, showed that at least 1 8  % of children consumed foods containing raw pork, 

and that this habit was highly associated with yersiniosis. Cross-contamination in the kitchen 

from raw pork chitterlings (a dish made from pig intestines) to prepared infant foods appeared 

to be the mode of transmission to infants in an outbreak in the USA (Lee et al. 1 990). 

There seems to be little doubt that the bacteria can also be spread via direct or indirect 

interhuman transmission, although absolute proof is lacking (Bottone 1 977). Evidence 

supporting such a mode of transmission may be inferred from the marked incidence of 

yersiniosis in young children who have not had animal contact (Zen-Yoji and Maruyama 1972; 

Albert and Lafleur 1 97 1 ;  Lafleur et al. 1 972; Delorrne et al. 1 974; Bergstrand and Windblad 

1 974), reports involving familial and interfamilial outbreaks (Gutrnan et al. l973;  Szita et al. 

1973; Ahvonen and Ross 1 973) and epidemics in confined settings (Ahlqvist et al. 197 1 ;  

Olsovsky et al. 1 975 ; Toivanen et al. 1973). According to Bottone ( 1977), under the latter two 

conditions, as individuals become symptomatic in a sequential rather than sporadic order, 

person-to-person transmission is indicated rather than transmission through animal or food 
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sources. The existence of asymptomatic carriers of Y. enterocolitica also supports an 

interhuman mode of transmission (Mollaret 1972). 

Faecal-oral spread by handling infected pigs, dogs and cats has been reported (Carniel and 

Mollaret 1 990). Serotypes 0:3 and 0:9 may also spread from person-to-person by the faecal

oral route, and this transmission from asymptomatic carriers could be a possible explanation of 

some sporadic cases. 

Transmission by blood transfusion has also been reported (Cover and Aber 1 989). Use of 

contaminated blood has led to 10 cases of bacteraemia due to Y. enterocolitica with seven 

deaths in the USA since 1987,  four of the deaths were due to Y. enterocolitica 0:3 (Li et al. 

1 993). Y. enterocolitica present during transient bacteraemia in the donor may multiply in 

blood products when stored at 4 °C, without manifestly altering their appearance. Accordingly, 

contaminated blood may be infused directly into patients during blood transfusion. In this 

manner of administration, even environmental strains of Y. enterocolitica could be as lethal as 

the enteropathogenic strains (Robins-Browne 1 992). According to Jacobs et al. ( 19 89), a septic 

shock syndrome produced during transfusion is fatal in 70 % of cases. 

The principal natural route of infection by Y, pseudotuberculosis seems to be the faecal-oral 

one, as supported by studies in animals and man (Obwolo 1980) . It has been frequently 

identified as a food-borne pathogen and it is commonly occurring in food animals but relatively 

few epidemiological data exists . According to Carniel and Mollaret (1990) , the cycle of 

transmission is very simple: infected faeces from contaminated animals are spread in the 

environment, other animals become infected by ingestion of contaminated water and grass and 

in turn further spread the organisms throughout the environment. Most often, human cases 

occur by consuming raw contaminated vegetables (Aldova et al. 1979). The organism is also 

transmitted directly from animals (pets) to humans (Fukushima et al. 1 984) or from humans to 

humans via dirty hands (Carniel and Mollaret 1 990) 

Seasonal prevalence 

Compared with other enteric pathogens, infections due to Y. enterocolitica appear to peak in 

the autumn and winter months (Swarninathan et al. 1 982). These findings are documented in 

several studies. Rakovsky et al. ( 1 973) reported that 67.5 % of human cases of Y. 
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enterocolitica infections in Czechoslovakia occurred between December and March. In 

Belgium and Sweden, infections due to Y. enterocolitica occur most frequently during October 

(Vandepitte et al. 1970; Wauters 1 970; Arvastson et al. 197 1 ;Vandepitte et al. 1 973;  

Vandepitte and Wauters 1979). In Romania and Hungary (Rusu et al. 1 973 ;  Szita and Svidro 

1 976) infections peak between November and March while in West Germany, the peak is 

between September and December (Bockemuhl et al. 1979) . The seasonal incidence of 

yersiniosis during the autumn and winter months in European countries (Mollaret 1972; 

Delorme et al .  1 974; Arvastson et al. 1 97 1 )  has been shown to coincide with the domestic 

slaughter of pigs in households during festive occasions (Wetzler and Hubbert 1968). There is 

also an increased incidence of clinical infections due to Y. pseudotuberculosis during the cold 

season. There are two reasons for this: first, the bacteria survive and multiply better in the 

environment at low temperatures; second, animals which are healthy carriers of the organism 

excrete large numbers in their faeces after stress caused by cold weather and starvation 

(Carniel and Mollaret 1 990). 

Food-borne outbreaks 

Even in the absence of any strong epidemiological evidence, Y. enterocolitica has been 

suggested as an important micro-organism in foodborne disease outbreaks. Four disease 

outbreaks reported in the literature have implicated Y. enterocolitica as the causative agent. 

The source of
_ 
infection was not identified in the three outbreaks that occurred in Japan. The 

other outbreak which occurred in Canada in 1975 was reported to be due to the consumption of 

raw milk (Anon. 1 976). However, the serotype of Y. enterocolitica isolated from the raw milk 

was different from the affected children with gastro-enteritis. The evidence is insufficient to 

implicate Y. enterocolitica as the causative agent. Food has not been identified as the vehicle in 

any outbreak in those countries where yersiniosis is endemic and where the common serovars 

are 0:3 and 0:9 (Schiemann 1 989). Actual foodborne outbreaks caused by Y. enterocolitica 

are comparatively rare (WHO, 1 987) except in the USA where, the epidemiology of 

yersiniosis has been characterised by foodbome outbreaks (Aulisio et al. 1 983; Black et al. 

1 978 ;  Shayegani et al. 1982; Morse et al. 1 984; Tacket et al. 1 984; 1985). The food vehicles 

were identified as chocolate milk. powdered milk. chow mein probably contaminated by a food 

handler, tofu or soybean curd manufactured with contaminated water, pasteurised milk 

indirectly involving pigs (probably faecal contamination), bean sprouts immersed in well water 

and chitterlings. Fukushima et al. ( 1984) suggested that the main source of contamination of 

raw milk is not the mammary gland but probably faeces. Four of these documented outbreaks 
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have involved serovar 0:8 which appears to be restricted to North America. The fifth outbreak 

which implicated the chitterlings was caused by serotype 0:3, a serotype which has been rarely 

isolated in the USA (Lee et al. 1990). 

YERSINIOSIS IN NEW ZEALAND 

Human infections 

The incidence of human yersiniosis has dramatically increased in this country in the last five 

years and Y. enterocolitica is now considered the second most common enteric pathogen 

recovered after Campylobacter jejuni. The strains most commonly recovered are bioserovars 

4/0:3,  3/0:5 ,27 and 210:9 (Me Carthy and Fenwick 1990). Clinical features of infection 

include diarrhoea and reactive arthritis following enteritis (Arneratunga et al 1987; Jones and 

Bruns 1987).  Lello and Lennon ( 1992) described a syndrome in a young boy which was 

initially diagnosed as acute rheumatic fever but later known to be caused by Y. enterocolitica. 

The patient had complained of a sore throat prior to admission. Six cases of transfusion-related 

sepsis have been recorded in New Zealand. Three of the cases were fatal (Wilkinson et al. 

199 1 ;  Ulyatt et al. 1991) .  Y. enterocolitica is one of the common organism implicated in blood 

transfusion related sepsis (Wilkinson et al. l99 1 ). It has been shown that low numbers of Y. 

enterocolitica can grow in blood at 4 °C. In New Zealand, blood is kept at 4 oc for up to 35 

days. In two of the cases reported by Wilkinson et al. ( 199 1), the blood was 1 5  to 24 days old 

at the time of transfusion. In an experiment conducted by Ardiuno et al. ( 1989), Y. 

enterocolitica organisms were inoculated into two units of blood to obtain a concentration of 

0. 1 - 1 .0 colony forming units per ml. Endotoxin was first detected three weeks after inoculation 

and the concentration paralleled the lag phase of growth. Y. enterocolitica relies . on free iron 

for growth (Perry and Brubaker 1 979). Prolonged storage of blood is associated with 

progressive haemolysis releasing iron and this may explain the prolonged lag phase observed in 

the experiments (Wilkinson et al. 199 1 ). 

The current rate of yersiniosis in New Zealand is difficult to estimate. From June 1 996, the 

disease has been specially listed in the schedule of notifiable diseases but not all laboratories 

culture the organism (McNicholas et al. 1995 as cited by Wright et al. 1 995). In a large 

Auckland community laboratory which has been routinely culturing stool specimens for 

Yersinia since 1 987, Yersinia was the most common pathogenic enteric bacterium detected 
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after Campylobacter. In 1994, the incidence of yersiniosis surpassed salmonellosis in both 

Auckland and Eastern B ay of Plenty (EBOP) regions. According to Wright et al. ( 1 995) ,  if the 

EBOP rate of 84 cases per 1 00 000 were applied nationally, there could be almost 3000 cases 

of yersiniosis a year in New Zealand. Also in this study, symptoms of yersiniosis were 

indistinguishable from those associated with other enteric pathogens, and in 64 % of cases 

reported, patients were ill for more than a week 

In another study on yersiniosis conducted in Auckland (Fenwick and McCarthy 1 995), a 

bimodal age distribution of cases was observed between 1988 and 1993 with peaks of infection 

in the 0-4 year olds and young adults between 20 and 23 years of age. Males outnumbered 

females in all except for these two age groups. The 1994 data from the same source show a 

similar age and sex distribution. 

Y. enterocolitica serotypes 0:3, 0:5 ,27, 0:8 and 0:9 have been detected in New Zealand 

(Beeching et al. 1985) .  Y. enterocolitica serotype 0:3 biotype 4 (biotype 4 strains invariably 

serotype as 0:3 ·and vice versa) accounts for over 90 % of cases of human yersiniosis in New 

Zealand (Fenwick and McCarthy 1995).  Tills type is present in New Zealand pigs at a 

relatively high prevalence rate, as it is in many other pig-producing countries (De Allie 1994). 

In a pilot study conducted at a local pig slaughterhouse to ascertain the prevalence of infection 

in these animals, it was found out that 24 % of 200 bacon-weight pigs were carrying strains of 

Y. enterocolitica potentially pathogenic for people (Fenwick 1996). 

In a survey of 203 samples of ready-to-eat meat products from New Zealand retail outlets, Y. 

enterocolitica was isolated from 3.4 % of the foods tested (Hudson et al. 1992). Only cooked 

foods were contaminated suggesting that contamination occurred after cooking as a result of 

poor hygiene practices. All but one of the isolates were considered pathogenic. 

There are few reports of human infections with Y. pseudotuberculosis in New Zealand. The 

first human case of mesenteric lymphadenitis due to Y. pseudotuberculosis in New Zealand 

was reported by Henshall ( 1963), which incidentally was the first reported isolation of Y. 

pseudotuberculosis as a human pathogen outside Europe. Later, Y. pseudotuberculosis was 

associated with a case of reactive arthritis in New Zealand, although this was only 

demonstrated serologically (Rose 1 976). Another case of mesenteric lymphadenitis was 

reported in a 1 9  year old soldier (Malpass 198 1) .  
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Animal infections 

In New Zealand, Y. enterocolitica has been isolated from from farmed deer (Henderson 1984), 

sheep (Bullians 1987); goats (Buddle et al. 1988;  Lanada 1990) and pigs (De Allie 1994) and 

is a frequent cause of enteritis and death in domestic animals ,  particularly goats and cattle, 

however, the strain most commonly involved, which is bioserotype 5/0:2,3 is considered non

pathogenic for man (Slee and Button 1990; Buddle et al. 1988).  

Yersinia enterocolitica has been involved in a variety of clinical syndromes in domestic 

animals in New Zealand. The organism has been shown to cause diarrhoea among hoggets 

(McSporran et al. 1 984) and suppurative enteritis in cattle and sheep (Belton and McSporran 

1988) .  An outbreak of diarrhoea with three deaths among 22 three-month-old kids placed in a 

shed containing pigs, was due to Y. enterocolitica (Orr et al. 1987) . A strain of Y. 

enterocolitica serotype 0:5 ,27 has been isolated from slaughtered deer in New Zealand (Bcsi 

1992), but no history or clinical signs were reported. 

Animal reservoirs for Y. enterocolitica infection in this country are being extensively studied. 

While several surveys have shown that many animals carried strains of Y. enterocolitica, the 

pig was the only domestic animal which consistently carried those bioserotypes potentially 

pathogenic for man. Work currently in progress at Massey University is aimed at whether such 

strains are indistinguishable from those isolated from human sources when typed by more 

specific molecular methodology (McCarthy et al. 1 995). Yersiniosis in pigs will be dealt with 

separately in section B .  Dogs and cats were found to harbour similar strains from an occasion 

but not to the same extent as pigs. Carriage and transmission of Y. enterocolitica serotype 0:3 

biotype 4 in dogs were conducted by Fen wick et al. ( 1 994). Their findings suggest that dogs 

can carry this biotype asyrnptornatically and hence might act as a potential source of infection 

for people and other animals. 

The first recorded outbreak of Y. pseudotuberculosis infection in farmed red deer occurred in 

this country in 1978 (Beatson and Hutton 198 1 ) .  Since then yersiniosis due to Y. 

pseudotuberculosis serotypes I,  11, and Ill has become one of the common causes of death in 

farmed deer in New Zealand (Beatson 1984; Mackintosh and Henderson 1984a, b; Wilson 

1984) . Outbreaks of the disease can affect up to 40 % of animals in a group, although usually 

less than 20 % are affected (Mackintosh 1 992). While this organism has caused tremendous 

problems for the deer industry, Y. pseudotuberculosis has also been shown to cause disease in 
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other domestic species such as cattle (Hodges et al. 1984), and in sheep where the organism 

has been associated with abortion (Hartley and Kater 1964). 

VIRULENCE ACTIVITY 

Not all strains of Y. enterocolitica can cause human disease. There are strains which are 

known to be pathogenic but have not always been positive in virulence assays. According to 

Farmer et al. ( 1992) virulent strains of Y. enterocolitica contain a 70-kilobase virulence 

plasmid (45 MDas) and the loss of this plasmid is accompanied by a loss in the ability to 

invade tissues. The pathogenic significance of Y. enterocolitica is associated with only a few 

serogroup-biovar combinations and therefore differentiation between pathogens and non

pathogens has relied upon serogrouping and biotyping of isolates. A number of studies have 

shown an excellent correlation between the serotype and biotype of Y. enterocolitica and its 

ability to cause infections of the intestinal tract and to invade tissue (Bottone 198 1 ;  Butler 

1983;  Cornelis et al. 1987;  Miller et al. 1988, 1989; Zink et al. 1980). Accordingly, a number 

of different in vitro and in vivo tests have been proposed for differentiation of pathogenic and 

non-pathogenic variants (Prpic et al. 1985 ; Robins-Browne et al. 1989; Schiemann 1989; 

Wachsmuth et al. 1 984) . These tests include: salicin fermentation-aesculin hydrolysis, 

autoagglutination at 37 °C , calcium-dependent growth restriction at 37 °C, binding of Congo 

red dye, pyrazinarnidase test, use of DNA probes, resistance to the bactericidal effect of normal 

human serum, and various cell and animal culture models. The majority of these tests are based 

on properties associated with 40-50 MDa virulence plasmid which is a prerequisite but not 

sufficient in itself, for virulence within the genus Yersinia (Cornelis et al. 1987; Portnoy and 

Martinez 1985).  The properties concerned are subject to problems of gene expression in vitro 

and the sensitivity and specificity of several tests have been questioned (Prpic et al. 1985 ; 

Wacsmuth et al. 1984). There is also the possibility of the plasmid being lost during prolonged 

storage or subculturing (Kapperud 199 1 ). 

a. IN VITRO TESTS 

Salicin fermentation-aesculin hydrolysis: Salicin and aesculin are both �-glucosides that vary 

in the chemical structure of the compound attached to D-glucose by a beta-linkage. Both 

compounds are hydrolysed by the enzyme �-glucosidase. Both tests are routinely carried out 

during biochemical characterisation of yersiniae. Pathogenic strains of Y. enterocolitica are 
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salicin-aesculin negative and non-pathogenic strains are positive in both tests. Aesculin and 

salicin have been advocated for the differentiation of the enviromnental from pathogenic strains 

(Shayegani et al. 1981) .  A rapid reaction for these substrates within 24 h is only seen in strains 

of biogroup 1 .  Nevertheless, some strains have delayed reactions. Wauters et al. ( 1987) did not 

consider aesculin hydrolysis to be a particularly useful test and cautioned that a positive 

reaction is dependent on both temperature and time of incubation. Farmer et al. ( 1 992) found 

that incubation at 25 °C with a final reading at two days accurately differentiated pathogenic 

from non-pathogenic serotypes. The results of salicin-aesculin tests at 36 oc were not as 

helpful in identifying strains of non-pathogenic serotypes because positive reactions often 

occurred after 48-hours. It may not be necessary to do aesculin hydrolysis routinely since it is 

more difficult to read and correlates 1 00% with salicin fermentation. 

Calcium-dependent growth at 37 °C: The requirement of calcium for the proper growth of 

some Yersinia strains has been shown to be associated with the virulence plasmid (Gemski et 

al. 1980). This characteristic is however, dependant on temperature and can only be 

demonstrated if incubated at 37 oc. A culture of Y. enterocolitica is grown on a medium such 

as magnesium oxalate (MOX) agar, tryptic soy agar with added magnesium chloride and 

sodium oxalate. Mair and Fox ( 1 9 86) used magnesium oxalate to demonstrate calcium 

dependency at 37 °C for some strains of Y. enterocolitica. Strains that contain the virulence 

plasmid are calcium-dependent at 37  oc and thus fail to grow or tend to produce small colonies 

(Gemsk:i et al. 1 980; Noble et al. 1987). 

Congo Red uptake: Tilis test demonstrates the ability of plasmid-bearing yersiniae to bind 

Congo red. In cultures of Y. enterocolitica grown at 37 oc on tryptic soy agar with added 

Congo red dye, strains which contain the virulence plasmid take up the red dye and appear as 

red colonies (Prpic et al. 1983). Riley and Toma ( 1 989) modified MOX to include Congo red 

(CR) which allows visualisation of calcium-dependent growth and uptake of Congo red dye on 

the same plate. Tilis combination is referred to as Congo red-magnesium oxalate (CR-MOX) 

agar. Isolates were first grown on 5 % sheep blood agar for 24 h. Individual colonies were then 

picked off and subcultured onto CR-MOX agar plates. These plates are then incubated at 37 

°C, and observed for the presence of small red colonies at 24-48 h. Freshly isolated strains of 

pathogenic yersiniae contain the virulence plasmid and are CR-MOX-positive. When the plates 

are kept for several additional days at 37 °C, it is often possible to observe the development of 
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a large colourless colony from a small red colony due to loss of plasmid in some cells. Non

pathogenic strains are CR-MOX-negative producing only large colourless colonies. 

In one of the studies· conducted, only 15 of the 63 strains of pathogenic serotypes produced 

small red colonies on CR-MOX agar (Farmer et al. 1 992). These results were in agreement 

with those done by other workers (Kandolo and Wauters 1985; Kay et al. 1983 ;  Riley and 

Toma 1 989; Wachsmuth et al. 1984), who have noted that strains that have been stored or 

subcultured several times have often lost the Yersinia virulence plasmid. After 24-30 h of 

incubation, it is usually possible to identify a pathogenic serotype and determine the percentage 

of population (colonies) that still contain the plasmid. 

Pyrazinamidase test: Pyrazinarnidase activity has also been proposed to separate non

pathogenic from pathogenic strains whether or not they actually harbour the virulence plasmid. 

Kandolo and Wauters ( 1 985), used this test to characterise 3 8 1  strains of yersiniae, and found 

an excellent correlation between virulence and a negative test for pyrazinarnidase, which is 

indicated by non-colouration of the medium. Y. pestis and Y. pseudotuberculosis were 

pyrazinarnidase-negative, as were strains of Y. enterocolitica which belonged to bioserogroups 

usually associated with human disease. This test measures the enzyme pyrazine

carboxylarnidase (pyrazinamidase) which was used to characterise the mycobacteria and 

corynebacteria (Farmer et al. 1987).  The test is simple, reproducible and shows a striking 

correlation between potential pathogenicity and lack of pyrazinarnidase activity independent of 

the virulence plasmid. The absence of pyrazinarnidase activity appears to be a characteristic of 

pathogenic strains of Y. enterocolitica (Kandolo and Wauters, 1 985), although it does not 

differentiate plasmid-positive and plasmid-negative strains. In general,  pyrazinarnidase

negative virulent strains are also usually aesculin-negative, whereas pyrazinarnidase-positive 

strains are usually aesculin-positive (Cornelis et al. 1987) . Farmer et al. ( 1992) found that 

there is 9 1  % agreement between the pyrazinarnidase and salicin-aesculin tests. Both tests can 

be used routinely, and strains that provide conflicting results can be studied by other methods. 

Autoagglutination: Laird and Cavanaugh ( 1980) developed a method to detect the production 

of yersinia outer membrane protein (YOPS) and expression of surface fimbriae. A culture of Y. 

enterocolitica is inoculated into two tubes of tissue culture media, e.g. Earle's minimum 

essential medium plus Earle's salts and glutamine, where one tube is incubated at 37 oc and 

the other at 22 oc. Autoagglutination at 37 oc but not at 22 oc is usually associated with the 



30 

secretion of YOPS and surface fimbriae found in pathogenic yersiniae. According to Farmer et 

al. ( 1 992), other broth media can also be used such as MR-VP broth. Autoagglutination is 

easy to do and is easily adaptable to the daily routine since MR-VP broth is readily available in 

most laboratories. As with CR-MOX agar, old strains of pathogenic serotypes are usually 

negative. In their study, only 8 of 63 strains were positive. Autoagglutination was usually clear 

and easy to read, however, the tubes should be handled gently because the agglutinated cells are 

easily re-suspended, giving uniform turbidity that would be read as negative. Although 

autoagglutination can be a very useful test for fresh isolates, the same authors do not use this 

method routinely, because CR-MOX agar provides the same information and has several 

advantages. 

Detection of specific virulent 0 antigen serotypes: The phenotypic heterogeneity in Y 

enterocolitica has prompted the development of several schemes for routine subdivision of the 

bacterium on the basis of serogroups, biovars and phagevars (Kapperud and Bergan 1 984; 

Mollaret et al. 1 979; Wauters et al. 1 987). Y enterocolitica has been classified into 

approximately 60 serogroups on the basis of 0 antigens (Wauters 1 987). However, the strains 

associated with disease in man or animals belong to only a few serogroups. Thus, 0:3, 0:5 ,27; 

0:8  and 0:9 are the most important causative agents in man. The serogroups commonly 

associated in pathological processes in man or animals belong to distinct serogroup-biovar

phagevar combinations (Mollaret et al. 1 979) . Chiesa et al. ( 1993) agree that simple tests such 

as pyrazinamidase and salicin-aesculin are primary tools to identify Y. enterocolitica isolates 

as a pathogenic or non-pathogenic biotype, while 0 typing is important in understanding the 

ecology and epidemiology of the disease. 

DNA colony hybridisation: This a new technique for detecting pathogenic bacteria in foods 

that has the advantage of identifying specific genotypes (Schiemann 1989). A DNA probe for 

Y. enterocolitica has been developed from the virulence plasmid (Hill et al. 1983). DNA 

hybridisation depends upon isolated clones of the organism sought, and this, as in culture 

techniques, requires at least some degree of selectivity in recovery media. Therefore, the 

success of this methodology will depend in part on the traditional methods of selective 

enrichment and isolation. 

Serum resistance: One indication of bacterial virulence is resistance to killing by normal 

serum (Taylor 1983). Nilehn ( 1973) first reported that Y. enterocolitica was more resistant to 
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serum destruction when grown a t  25 oc than at 37 °C, and that serum resistance correlated 

with bacterial clearance in vivo. Serum resistance appears to be related to outer membrane 

proteins (Balligand et al. 1985). Pai and De Stephano ( 1982) found a different influence with 

temperature, and that loss in serum resistance was accompanied by loss of virulence in rabbits 

and mice and also calcium dependence at 37 oc. Other investigators (Chiesa and Bottone 1 983) 

could not relate serum resistance to any virulence marker. 

Other tests: These tests include invasion of Hela cells (Devenish and Schiemann 198 1), 

plasmid encoded outer membrane proteins (Skurnik 1985), and disturbance of the normal 

chemiluminescent response of human neutrophils (Lian and Pai, 1985) .  Studies by Schiemann 

and Devenish ( 1 9 8 1 )  and Pai and De Stephano (1982) indicate that at least two factors are 

required for virulence in Y. enterocolitica: the ability to penetrate the mucosal surface of the 

intestine (measured by the HeLa cell infectivity test) and the presence of virulence factors 

(measured by the autoagglutination test ) .  In general, most of the above in vitro tests have 

been linked to the carriage of a plasmid 40-42 MDa plasmid first described by Zink et al. 

( 1 980). No single in vitro assay is a reliable indicator of pathogenic strains of Y. enterocolitica 

but the combination of biochemical identification to the species level and total plasmid profile, 

when associated with restriction endonuclease digests is predictive of Y. enterocolitica 

virulence as measured by lethality in mice. 

b. IN VIVO TESTS 

Y. enterocolitica infection is contracted primarily by the oral route, therefore, animal studies on 

pathogenicity using this route of infection may accurately describe pathogenesis in humans 

(Schiemann 1 989). Carter ( 198 1 )  has reviewed the various laboratory models used for 

describing the pathogenicity of Y. enterocolitica. The pathogenic potential of Y. enterocolitica 

has been assessed by using animal models including the Sereny test or guinea pig conjunctivitis 

model (Sereny 1 955), the suckling mouse assay for heat stable enterotoxin (Pai and Mars 

1 978), mouse intraperitoneal challenge (Aulisio et al. 1983), and mouse diarrhoea and splenic 

infection following oral challenge (Bakour et al. 1 985). Animal models have limitations 

because of cost and lack of appropriateness, except in specialised facilities (Noble et al. l 987). 

Zink et al. ( 1980) first demonstrated that isolates of Y. enterocolitica serovar 0:8 associated 

with human infections produced positive results in the Sereny test i.e., keratoconjunctivitis. 
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Later, Gemski et al. (1980) reported that Y. enterocolitica serovar 0:8 carried a 52.2 ± . 1  

Mda plasmid that was required for development of keratoconjunctivitis in the guinea pig eye. 

This plasmid also coded for calcium-dependent growth at 37 cc which could be demonstrated 

in cultures on calcium-deficient magnesium oxalate (MOX) agar. The as sociation between 

calcium dependence and positive Sereny test for serovar 0:8 was confmned by Schiemann and 

Devenish ( 1 980), however, these workers observed that the infection was confined to the 

conjunctiva and did not involve the cornea as in classic keratoconjunctivitis. 

Pai and Mors ( 1 978) and Pai et al. (1978) fi rst demonstrated that Y. enterocolitica produces a 

heat-stable enterotoxin in vitro that is detectable by the suckling mouse assay and in rabbit 

ileal loop. 

The laboratory mouse has been used frequently to study the pathogenicity of Y. enterocolitica. 

North American serovars 0:8 and 0:21 carrying the virulence plasmi d are highly pathogenic 

for adult mice by intraperitoneal injection or by oral inoculation at slightly higher doses, by 

subcutaneous injection at considerably higher doses (Quan et al. 1974) or by infecti on through 

drinking water (Carter 1975; Laird and Cavanaugh 1 980; Schiemann and Devenish 1982; 

Schiemann 1981 ) .  Virulence in the mouse is related to calcium dependence, which is plasmid 

mediated (Gemski et al. 1980). Lethal infections wit h  serovars 0:3, 0:9, and 0:5,27 have been 

reported when the dose is above 107 bacteria administered intravenously (Maruyama et al. 

1979). These serovars will also produce lethal infections in suckling mice infected 

intraperitoneally (Aulisio et al. 198 3). 

Bakour et al. ( 1985) developed a mouse model using spleen counts for differentiating plasmid

po sitive from plasmid-negative strains of serovars 0:3,  0:9, 0:5 ,27 and non-pathogenic 

serovars after oral infection through drinking water over 24 h. The results were more 

reproducible when the mice were stressed by holding them for 6 days at 4 cc before the spleen 

was removed and bacterial counts were completed. Plasmid-negative and non-pathogenic 

serovars were never found in the spleen under these conditions. 

RAPID DIAGNOSTIC METHODS 

The method most commonly applied for the detection of Y. enterocolitica in foods and other 

samples includes cold pre-enrichment, selective enrichment and biochemical confirmation. The 
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entire procedure may take more than three weeks to complete. In situations when there is a 

need to arrive at a quick diagnosis, one cannot therefore rely on this method, Hence, the 

development of rapid and specific detection methods is necessary. There is also a need for 

rapid diagnostic methods because the development of isolation procedures which clearly 

differentiate pathogenic from non-pathogenic strains has proved difficult (Kapperud 199 1). 

A few rapid methods have recently been developed for the detection of pathogenic species of 

Yersinia from clinical samples and food. Using a synthetically produced oligonucleotide probe, 

it was found that the prevalence of pathogenic yersiniae in Norwegian pork products was 

substantially higher than previously demonstrated by conventional methods (Kapperud et al. 

1990). A simple colony imrnunoblotting method using monoclonal antibodies (MABS) was 

developed to detect Y. enterocolitica serotype 0:3 in the faeces of pigs (Li et al. 1 992). The 

use of indirect immunofluorescence has been used successfully to detect Y. enterocolitica 0:3 

cells in the tonsils of pigs (Shiozawa et al. l 99 l ) and Y. enterocolitica 0:3, 0:5, 0:8 and 0:9 

from histological preparations of human clinical specimens (HoogKamp-Korstanje et al. 

1986). Several reports have also described the use of the polymerase chain reaction (PCR) for 

detection of Y. enterocolitica species from various sources including humans, animals, food 

and water (Fang et al. 1 992; Fen wick and Murray 1 99 1 ;  Ibrahim et al. 1992; Kapperud et al. 

1993; Kwaga et al. 1 992; Nakajima et al. 1992; Wren and Tabaqchali 1990). According to 

Saiki et al. ( 1 988), the PCR has the potential of providing a rapid, specific as well as a 

sensitive method of detection of pathogenic bacteria. However, PCR necessitates concentration 

of bacteria from the sample, as only a small volume of material can be analysed. Rasmussen et 

al. ( 1 995) recommends the use of imrnunomagnetic separation (IMS) prior to PCR to 

concentrate the bacteria. Moreover, IMS eliminates inhibiting material both in the removal of 

the supernatant fluid and due to the washing of imrnunomagnetic particles. The authors 

concluded that IMS-PCR can be used to detect Y. enterocolitica after pre-enrichrnent 

TREATMENT, PREVENTION AND CONTROL 

Treatment 

Specific treatment of infection is seldom required since yersiniosis is usually self-limiting. 

Gastrointestinal symptoms usually subside in 2-3 weeks without recourse to antibiotics. When 

the disease is mild such as with enterocolitis or uncomplicated pseudoappendicular syndrome, 

antimicrobial chemotherapy is not useful. However, systemic infections or extra-intestinal 
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infections should be treated and antibiotic therapy is indicated in patients with septicaemia, 

intra-abdominal sepsis or severe terminal ileitis (Mair and Fox 1986). The antibiotic of choice 

should be based on the results of sensitivity tests. Before the results of antimicrobial

susceptibility tests, a combination of doxycycline and an aminoglycoside is recommended for 

patients with septicaemia (Horstein et al. 1985).  Most strains produce �-lactamases which 

renders them resistant to "older" penicillins and first- generation cepahalosphorins, including 

ampicillin and cephalothin (Robins-Browne 1992). Two beta-lactamases, A and B have been 

identified in Y. enterocolitica: beta-lactamase A hydrolyses a variety of penicillins and 

cephalosporins, and beta-lactamase B is a strong cephalosphorinase but does not hydrolyse 

many of the penicillins (Cornelis et al. 1973). In contrast, Y. pseudotuberculosis is susceptible 

to penicillins because it lacks beta-lactamase (Kanazawa and Kuramata 1974). Ampicillin, 

cephalothin, and carbenicillin are also found to be active against Y. pseudotuberculosis (Mair 

and Fox 1 986). 

Y. enterocolitica is usually susceptible to the aminoglycosides (gentamicin, kanamycin, 

streptomycin), polymixin, chloramphenicol, trimethoprirn-sulfarnethoxazole and newer beta

lactam antibiotics ( Scribner et al. 1982 ) especially ceftriaxone, cefotaxime, ceftizoxime, and 

cefrnenoxime (Hornstein et al. 1985). Anecdotal evidence suggests that patients with prolonged 

diarrhoea or generalised infection will respond to treatment with trirnethoprim

sulfamethoxazole, tetracycline, chloramphenicol or an appropriate �-lactam antibiotic. A 

synergistic ac�on between sulfarnethoxazole and trimethoprirn against Y. enterocolitica has 

been observed (Hamrnerberg et al. 1977). Isolates of Y. enterocolitica are highly susceptible 

to arninoglycosides in vitro, but patients treated with these agents may respond poorly, which 

may be due to a large proportion of bacteria being located intracellularly (Robins-Browne 

1992). 

In pigs, there is at present no general indication for the treatment of Yersinia infections since 

clinical signs are so rare. In the study conducted by De Allie (1994), there was no evidence to 

suggest that the pathogenic strains of Yersinia isolated from the tonsils of pigs are pathogenic 

for pigs. But the disease has been identified as a rare cause of sporadic enteritis in pigs in New 

Zealand (Gill 1996). Experimental infection of colostrum-deprived newborn pigs with a human 

isolate of Y. enterocolitica biotype 4 serotype 0:3 has produced clinical disease which include 

anorexia, vomiting and diarrhoea (Shu et al. 1 995). Studies in vitro suggest that isolates are 
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often sensitive to oxytetracycline, furazolidone, neomycin, sulphonamides, and spectinomycin. 

Tetracyclines have also been used in feed to eliminate infection (Taylor 1992). 

Prevention and Control 

The most important reservoirs of Yersinia spp. are animals particularly pigs and occasionally 

pet dogs in the case of Y. enterocolitica, and all kinds of domestic and free-living species for 

Y. pseudotuberculosis. Avoiding contact with animals that are obviously ill is a reasonable 

precaution for preventing human infections (Schiemann 1989). Morita et al. ( 1968) found that 

Y. pseudotuberculosis infections could be prevented by excluding birds and rodents from 

contact with humans. In New Zealand, since 1993, the number and size of outbreaks of 

yersinia enteritis in young deer have declined because of improved management techniques 

such as indoor wintering and the widespread use of a formalin-killed vaccine which contains Y. 

pseudotuberculosis serotypes I ,  11 and Ill (Gill 1996). The results indicated a good protection 

of calves against clinical yersiniosis if two doses of vaccine are given or administered 3 to 4 

weeks apart in autumn (Mackintosh 1 993). However, according to Orr ( 1 995), vaccination 

may not be successful in the face of a severe challenge but may reduce the severity of the 

outbreak. 

Present epidemiological evidence suggests a link between the pig reservoir of Y. enterocolitica 

and human infection. In endemic regions, where pigs are the major reservoir of infection 

preventive measures could be taken to reduce the bacterial load in slaughtered animals. Sir.ce 

spread of Y. enterocolitica from pig to pig appears to occur from contact with faeces, hygiene 

coupled with housing groups of pigs in separate drainage areas is likely to reduce infection. 

Control of flies and rodents and disinfection of pens before restocking also appear to reduce 

transmission (Taylor 1992). At the farm level, newborn piglets are easily colonised and become 

long-term pharyngeal and intestinal carriers, without signs of illness (Schiemann 1989). 

Prevention of human yersiniosis relies chiefly on good hygienic practices, especially during 

food processing and handling. During slaughtering and processing, bacteria present in the oral 

cavity or intestinal contents may easily contaminate the carcasses and the slaughterhouse 

environment �The application of Hazard Analysis Critical Control Points and Good 

Manufacturing Practices (HACCP/GMP) during pig slaughter and processing must be focused 

on limiting such contamination. In this context, Y. enterocolitica presents a very special 

problem because it is a psychrophile and able to survive and propagate at temperatures 
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approaching 0 oc. Hence, chilling of food products can not be considered an effective control 

measure (Kapperud 1991) .  The introduction of Y. enterocolitica into refrigerated foods, 

especially through cross-contamination or by handlers may occur leading to multiplication 

during extended refrigerated storage or if not done previously (Schiemann 1989). Since water 

can be a vehicle for transmitting Y. enterocolitica (Toma and Diedrick 1975 ; Botzler et al. 

1976; Harvey et al. 1976; Highsmith et al. 1977; Jansen and Saari 1977; Kapperud 1977; 

Caprioli et al. l 978 ; Schiemann 1978), the use of untreated or contaminated water in food 

manufacturing will always be accompanied by a certain risk. 

In general, standard measures to prevent and control zoonotic salmonellosis can also be applied 

to prevent and control yersiniosis (WHO 1987). These measures include three main lines of 

defence: 

• the pathogen-free breeding and rearing of slaughter animals 

• the improvement of hygiene during transportation, slaughtering and processing including 

different means of decontamination; and 

• education of all categories of people involved in production, processing and final 

preparation of food products. 

Until more is known about the epidemiology of yersiniosis in New Zealand, the following 

general precautions are recommended (McCarthy et al. 1995): 

• wash hands prior to food handling and eating, after handling raw meat, and after animal 

contact 

• prepare foods in a clean environment 

• cook meat , especially pork thoroughly 

• protect water supplies from human and animal excreta 

• exclude people with diarrhoea from food handling 

Since Y. enterocolitica is widespread in nature in both living and non-living systems, the 

general methods of environmental hygiene and sanitation of food and water should be applied 

in the control of animal diseases caused by this organism (Morris and Feeley 1 976). 
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PUBLIC HEALTH IMPLICATIONS 

A review of several studies concerning different aspects of the epidemiology of human 

pathogenic Yersinia enterocolitica pinpoints that it is an important foodbome pathogen (Cover 

and Aber 1989; Schiemann 1989; Doyle 1990; Kapperud 199 1 )  which has caused several 

outbreaks of disease (Black et al. 1978; Greenwood and Hooper 1990; Tacket et al. 1985;  

Aber et al .  1982; Maruyama 1987 ; Lee et al. 1 990). The organism has been isolated from 

many foodstuffs including pork and pork products as well as milk and dairy products. Pigs are 

implicated as reservoirs for human pathogenic strains (Pedersen 1979; Andersen et al. 1 99 1 ;  

Kapperud 1991 )  and some isolates from pigs are found indistinguishable from similar human 

isolates by currently available methods (Kapperud 1990; Blumberg 1991).  New sensitive 

methods such as DNA-DNA hybridisation have revealed a high contamination of pork products 

by pathogenic Y. enterocolitica (Nesbakken et al. 1991 ) .  These products may be important 

vehicles of infection. Y. enterocolitica 0:3 is the serotype most commonly associated with 

illness in Northern Europe (Mollaret et al. 1979; Verhaegen et al. 199 1 ;  Prentice et al. 1 99 1) 

and is now also recorded frequently in the United States (Bottone et al. 1987; Bisset et al. 

1 990). The highest isolation rates in pigs have been from the tonsils and oral cavity as well as 

intestinal contents hence, the organism may be readily spread from the throat and faeces to the 

rest of the carcass during slaughter. Changes in slaughterhouse practices as well as 

modification of the preparation of food for human consumption may substantially reduce the 

risk of exposure to this microorganism. 

The consequences of yersiniosis are severe and can include prolonged acute infections, 

pseudoappendicitis and long-term sequelae such as reactive arthritis and erythema nodosum 

(Mair and Fox 1 986; Cover and Aber 1 989). Y. enterocolitica infection is a financial and 

public health problem of greater magnitude than the actual number of cases would suggest 

(Ostroff et al. 1 992). 

OTHER YERSINIA SPP. 

Yersinia enterocolitica has become well established as an enteric pathogen since it was first 

described in 1939 (Bottone 198 1 ,  1 983;  Butler 1983;  Comelis. et al. 1987). However, there is 

considerable confusion in the literature because not all strains of this species cause intestinal 

infections. Unlike Salmonella and Shigella species which are intrinsic pathogens (essentially all 
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strains can cause enteric infections), there is strain-to-strain variation in the pathogenicity of Y. 

enterocolitica (Bottone 198 1 ;  Butler 1983 ;  Comelis et al. 1987; Kay et al. 1983;  Wachsmuth 

et. al. 1984). 

Previously classified Y. enterocolitica-like organisms such as Y. frederiksenii, Y. kristensenii, 

Y. intermedia, Y. aldovae, Y. rhodei, Y. mollaretti and Y. bercovieri are now classified as seven 

separate species. They are gram-negative bacteria of world-wide distribution frequently 

isolated from environmental, animal and human sources. The environmental strains constitute a 

spectrum of phenotypic variants which display a variety of anti genic factors. There is growing 

evidence that such environmental yersiniae may not be pathogenic for man (V an Noyen et al. 

198 1 ), although some environmental strains may occasionally act as opportunistic 

microorganisms leading to atypical clinical manifestations (Wauters 198 1 ;  Kapperud 1991 ). 

Noble et al. ( 1987), however, found that strains of other Yersinia species had one or more 

properties perhaps suggestive of pathogenicity, but these results have not been confirmed. At 

present there is no convincing evidence that strains of other Yersinia species are enteric or 

invasive pathogens. Further studies are needed to determine whether they have a role in human 

disease as opportunistic pathogens. 
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Section B: Yersiniosis in Pigs 

INTRODUCTION 

Healthy pigs have been found to carry strains of Y. enterocolitica pathogenic to humans in 

frequencies ranging from 25 to 80 % (Wauters 1970; Pedersen 1979; Christensen 1980; Doyle 

et al. 198 1 ;  Nesbakken and Kapperud 1 985). Pathogenic strains of Y. enterocolitica serotype 

0:3 ;  0:5,27; 0:8 and 0:9 and also Y. pseudotuberculosis have frequently been isolated from 

the intestine and oral cavity of pigs (Christensen 1980; De Boer et al. 1986; Doyle et al. 198 1 ;  

Harmon et al. 1984; Hurvell 198 1 ;  Schiemann 1980; Schiemann and Aerning 198 1 ;  Asplund 

et al. 1990; Tsubokura et al. 1976). There has also been reports that the major source of 

yersiniosis in humans may be pigs, since strains isolated from raw retail pork are 

indistinguishable from those isolated from humans with yersiniosis (Fukushima and Tsubokura 

1985 ;  Fukushima et al. 1987; Shiozawa et al. 1987). 

The significance of pigs as a source of Y. enterocolitica infections in man was established by 

epidemiological studies (Tauxe et al. 1987; Ostroff et al. 1994) . In some investigations a 

significant correlation has been shown between the consumption of pork and the occurrence of 

yersiniosis in humans (Christensen 1987; Tauxe et al. 1987). An outbreak of yersiniosis among 

infants in the United States in which pig chitterlings were implicated was reported by Lee et al. 

( 1 990). Many of the affected infants were being cared for by a surrogate mother (usually the 

grandmother) and this person was frequently noted to bottle feed the infant while cleaning and 

preparing pork intestines, known as chitterlings at the kitchen sink. A prospective case-control 

study in Norway conducted by Ostroff et. al. ( 1 994) suggests a link between yersiniosis and 

consumption of undercooked pork and sausage products, and untreated water. According to 

Samadi et al. ( 1992), Y. enterocolitica infections in humans is apparently rare in non-pork 

eating Moslem countries which also supports the role of pork as the vehicle of infections. 

Porcine and human strains were found to be indistinguishable by biochemical, serological and 

phage-typing methods (Wauters 1970, 1979; Hurvell 198 1 ). Furthennore, typing methods 

based on detection of heterogeneity in plasmid and chromosomal DNA has so far been unable 

to distinguish between human and porcine strains (Nesbakken et al. 1987; Kapperud et al. 

1 990). Nesbakken et al. ( 1987) demonstrated that the virulence plasmids of both porcine and 

human isolates have identical restriction patterns. Later, Kapperud et al. ( 1990) found that 

both human and porcine isolates exhibit the same chromosomal restriction fragment length 
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polymorphism. Blumberg et al. ( 199 1 )  showed that strains isolated from humans and 

chitterlings made from pig intestines epidemiologically associated with the source of the 

outbreak mentioned above had identical ribotype patterns. According to Nesbakken et al. 

( 199 1 ), new sensitive methods such as DNA-DNA hybridisation have revealed a high 

contamination of pork products by pathogenic Y. enterocolitica, making these products 

important vehicles of infection. 

Studies in Europe, Canada and Japan have shown that pigs are also important reservoir for Y. 

pseudotuberculosis (Narucka and Westendoorp 1977; Toma and Diedrick 1975 ; Tsobokura et 

al. 1 976; Zen-Yoji et al. 1975). The presence of the organism in pigs suggests that pork may 

be contaminated. Studies conducted in Japan have shown that retail meat was contaminated 

with Y. pseudotuberculosis (Shiozawa et al. 1988). Y. pseudotuberculosis serotype 4b has 

been isolated from a retail shop in Japan (Fukushima 1985). These authors have pointed out 

that there is a close relationship between the presence of Y. pseudotuberculosis in pigs and 

contamination of pork by this organism, suggesting that pork may be an important source of Y. 

pseudotuberculosis infection. However, because of very limited epidemiological studies, the 

link between a pig reservoir and transmission to humans with Y. pseudotuberculosis still 

remains unclear. 

YERSINIA INFECTIONS 

a. Y. enterocolitica 

Y. enterocolitica is found world-wide and has been reported in pigs in many countries 

(Bockemubl et al. 1 979; Cantoni et al. 1979; De Barcellos and Castro 1 98 1 ;  Doyle et al. 

198 1 ;  Schiemann and Fleming 1 98 1 ;  Hunter et al. 1 983). According to Christensen ( 1980), not 

all pig herds are infected. The incidence of Y. enterocolitica carriage by pigs  varies among 

herds (Fukushima et al. 1983) and geographic location. Feed has been found to be infected, and 

studies of the dissemination of infection in pig facilities indicate that infection is transmitted 

from contaminated pens in which the yersiniae can persist for more than 3 weeks. It appears 

that transmission from pig to pig is via faecal contamination of pens, water and feed (Tay1or 

1 992). Maintenance of Y. enterocolitica in pigs appears to depend more upon animal contact 

than any environmental source, and colonisation has been related to the level of hygiene 

associated with pig husbandry (Aldova et al. 1980) . Young pigs become carriers within 1 -3 

weeks after entering contaminated pens, remaining colonised for long periods without re

infection (Fukushima et al. 1 984a). Older pigs without any apparent signs of infections will 

excrete Y. enterocolitica for 3-7 weeks after experimental challenge, then show cross-
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protection between serovars 0:3 and 0:5,27 upon re-challenge. New-born pigs are easily 

colonised and become intestinal and pharyngeal carriers but are very resistant to disseminated 

infections and disease (Schiemann 1 989). Pigs appear to maintain the organism without signs 

of illness (Fukushima et al. 1983) .  

Y. enterocolitica has been shown to infect pigs orally, to multiply and be present in the faeces 

within 2-3 weeks of infection and to disappear from the faeces within 30 weeks (Fukushima et 

al. 1984a). Studies by Erwerth and Natterman ( 1 987) suggest that oral infection is followed by 

establishment of infection in the tonsils and the development of enteritis in the ileum and large 

intestine. Similar colonisation was reported by Schiemann ( 1988). 

Y. enterocolitica is shed in the faeces of infected pigs for up to 30 weeks and has been shown 

to be transmitted to human food and elsewhere on farms by flies (Fukushima et al. 1 979). 

Other studies suggest that faeces can remain infected for up to 1 2  weeks and that in suitable 

substrates, the organism may multiply at 22-24 oc. 

The organism has been isolated abundantly in culture from outbreaks of diarrhoea in weaned 

pigs from which no other infectious agents could be reco\'ered (Taylor 1992) . Mild fever (39.4 

°C, 103 °F) was present and the diarrhoea contained no blood or mucus and was dark in 

colour. Blood-stained mucus may also be found in some diarrhoeic patients and on solid faeces 

passed by pen mates. Y. enterocolitica has also been isolated from the rectal mucosa in cases 

of rectal stricture (Taylor 1992). 

Most human pathogenic Y. enterocolitica are able to colonise the lymphoid tissue and gastro

intestinal tract of pigs without causing any clinical signs (Fukushima et al. 1984; Schiemann 

1988),  but a study from China (Zheng 1987) reporting the isolation of Y. enterocolitica from 

pigs with diarrhoea suggests that the bacteria may also be capable of producing overt illness in 

pigs. A prevalence of 49.4 % (60 out of 124 samples) from the faeces of diarrhoeic pigs was 

reported. Fifty eight of the isolates (96.6 %) were shown to belong to serotypes 0:3 or 0:9. 

The clinical signs are not distinctive, but the occurrence of mild fever with blood and mucus on 

solid faeces can indicate yersiniosis in the absence of swine dysentery (Taylor 1992). 

Erwerth and Natterman ( 1987) have described in detail the lesions caused by Y. enterocolitica 

infection which consist of catarrhal enteritis in the small and large intestines. Microcolonies of 
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the organism can be seen in the disrupted intestinal epithelium and in pigs with rectal lesions, 

bacterial penetration and inflammation reach the muscularis mucosae. 

b. Y. pseudotuberculosis 

Y. pseudotuberculosis is less frequently identified in pigs than Y. enterocolitica and is less 

often demonstrated in America than in Europe or Japan (Taylor 1 992). It is commonly found in 

rodents, which probably represent the main source of infection for pigs. Although isolations of 

Y. pseudotuberculosis from healthy pigs have been reported (Mair et al. 1 979; Tsubokura et 

al. 1 9 84) , its association with pigs appears to be rare (Harper et al. 1 990). The organism has 

been recovered from a clinical case in Canada (Langford 1972), from diarrhoeic pigs in Brazil 

(De Barcellos and De Castro 198 1 ), from sick and dead pigs in New Zealand (Hodges et al. 

1 98 4), from 8 - 1 2  weeks old pigs in Australia (Slee and Button 1 990) , from pigs with chronic 

diarrhoea in Argentina (Fain Binda et al. 1 992), and in Japan from pigs with diarrhoea and 

oedema of the eyelids, lower face, and lower parts of the abdomen (Morita et al. 1 968).  Y. 

pseudotuberculosis serotype Ill was the most frequently isolated strain from the reports 

described above. 

Animals infected with Y. pseudotuberculosis had watery, non-bloody diarrhoea. Gross lesions 

in pigs include intestinal intussusception, and thickening of the mucosa of the spiral colon with 

associated fibrin tags (Slee and Button 1 990). Lesions due to generalised infection with Y. 

pseudotuberculosis have been described in pigs (Fain Binda et al. 1 992; Morita et al. 1 968). 

The lesions were miliary grey-white spots in the liver and spleen and swollen, grey-white 

mesenteric lymph nodes, resembling those caused by Y. pseudotuberculosis in other species. 

A catarrhal and diptheritic change was described in the colon and rectum, and oedema and 

ascites also occurred. Microscopic lesions in the large intestines showed central caseous 

necrotic foci,  surrounded by lymphocytes, plasmacytes and macrophages in the submucosa, 

with oedema and chronic inflammatory infiltrates in the mucosa. Y. pseudotuberculosis was 

isolated from the liver, spleen, lungs, duodenum, rectum and mesenteric lymph nodes. It can 

also be isolated from inflammatory lesions of the rectal mucosa (Taylor 1992). 

Anatomical Distribution 

Y. enterocolitica has been isolated from the intestinal tract and oral cavity of pigs in several 

countries (Christensen 1 980; Hurvell 1 98 1 ;  Mollaret 1979). Numerous studies have shown that 
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pigs may be asymptomatic carriers of serotype 0:3 and 0:9, which are the most important 

causal agents of human f. enterocolitica enteritis in Europe (Kapperud 1985 ; Pedersen 1979; 

Schiemann and F1eming 198 1 ;  Wauters 1979). 

f. enterocolitica 0:3 is often found in the intestinal contents and faeces of pigs. A study 

conducted by Shiozawa et al. ( 199 1 )  in Japan found that 24. 3  % of 140 pigs were carriers of 

the organism in the caecum. The bacterium has also been isolated from pig carcasses 

(Nesbakken 1 988; Nesbakken et al. 1994) in Norway. Nesbakken ( 1988) isolated Y. 

enterocolitica 0:3 from the surface of 19  of 30 pig carcasses with the highest frequency from 

the anterior part of the carcass. In contrast, Christensen ( 1987) isolated f. enterocolitica 0:3 

from 31 of 1 00 pigs examined with an even distribution on the carcass in Denmark. Andersen 

( 1 988) isolated pathogenic Y. enterocolitica from carcasses with varying frequencies 

depending on the evisceration technique used. Manual evisceration was found to correspond 

with high frequencies of contamination: 26.3  % on the medial aspect of the hindlimb and 1 2.9 

% on the split sternum. The use of a mechanised bung cuner was found to reduce the rate of 

contamination, especially when the use of the bung cuner was supplemented by enclosing the 

anus and rectum in a plastic bag to minimise faecal contamination (Nesbakken et al. 1994 ). 

The organism was recovered from only 0. 8 % of carcasses when the plastic bag technique was 

employed. Y. enterocolitica 0:3 was recovered from 10 % of pig carcasses when eviscerating 

procedures did not include the use of plastic bag technique (Nesbakken et al. 1994). 

In contrast, De Boer a.!l.d Nouws ( 1 99 1 )  did not isolate pathogenic yersiniae from samples of 

2 10  pig carcasses or from 20 samples of pig head meat, suggesting that contamination of 

carcasses during the slaughtering process with yersiniae from either faecal or tonsillary region 

did not seem to occur frequently in the Netherlands. Differences in sampling techniques, 

enrichment and/or slaughtering practices may explain these results. 

There are therefore variations in the frequency of isolation of microorganism from different 

sites of pigs in different countries (Asplund et al. 1990; DeBoer and Nouws 1 991 ) .  Other 

authors have demonstrated that f. enterocolitica inhabits the tonsils and the tongue in addition 

to the gastrointestinal tract making both sites important for the recovery of the organism 

(Nesbakken and Kapperud 1985; Christensen 1 987; Kapperud 199 1 ). 
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Y. pseudotuberculosis has also been consistently recovered from the intestinal contents and 

tonsils of healthy slaughtered pigs in various parts of the world (Toma and Diedrick 1975; 

Tsobokura et al. 1976; Weber and Knapp 198 1 ;  Zen-Yoji et al. 1974). 

Seasonal and Geographical Occurrence 

Y. enterocolitica has been isolated from humans in many countries of the world, but it seems to 

be found most frequently in cooler climates (WHO 198 1 ;  1987). Relatively little is known 

about the incidence in tropical countries (Kapperud 1991 ). 

There are numerous reports on the seasonal incidence of yersiniae infections in slaughtered pigs 

(Bockemuhl et al. 1979; Tsubokura et al. 1973, 1976; Weber and Knapp 198 1 ;  Zen-Yoji et al. 

1 974). As for Y. enterocolitica, no seasonal variation has been reported in earlier publications 

(Nilehn 1 969). Later, many workers, however, reported that Y. enterocoltica infections were 

more prevalent in autumn and winter (Ahvonen 1973; Arvastson et al. 197 1 ;  Winblad 1973) 

or winter or early spring (Rakovsky et al. 1973; Vandepitte et al. 1 973). 

The literature on the rate of isolation of hannful Yersinia strains from pigs indicates that there 

is a definite, climatically determined north/south gradient (Bulte et al. 1 992). The 

psychrotrophic Yersinia strains are found more often in slaughter pigs in Scandinavia than in 

Central European countries. In Central Europe, the rate at which harmful Yersinia strains were 

detected was 1 0.5 % for tongues and 14. 2 % for tonsils, which is well below the ratesfound in 

S candinavian countries which were 20 % and 57. 7 % respectively. The rate at which the 

organisms are excreted in the faeces is low in all countries at 2.4 to 2.7 %. 

According to Tsubokura et al. ( 1976), the isolation of Y. enterocolitica from the caecal 

contents of pigs was dependent on season. The organisms were more frequently isolated in 

winter to early spring than in summer. However, no relationship could be established between 

rate of isolation and serogroup distribution. In a study conducted by Bockemuhl et al. ( 1 979), 

the lowest incidence in faecal samples was observed during the summer months (August, 1976, 

0 %) but increased steadily to a maximum in spring (April 1 977, 7 1 . 2  %). With one exception, 

serotype 0:3 and 0:9 were only isolated during October to December. Monthly variation of 

infection in pig faeces were also studied by Weber and Knapp (1981) .  Their study showed a 

peak in January (winter) with 1 4  % ( 1 3  of 95) infected, with a mean of 2.7 % (33 of 1 206) 

infected throughout the year. 
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In a study conducted in New Zealand, yersiniae were isolated from pigs throughout the year 

with peak prevalence in the colder months. Seasonal differences in the occurrence of serotypes 

0:3 and 0:5,27 were not significant, with both being found throughout the year with lowest 

isolation rates in summer (De Allie 1994). 

Y. pseudotuberculosis infections and isolations from animals and pork were found in the colder 

months in Japan (Fukushima et al. 1987). Based on the observations of Slee and Button 

( 1990), the seasonal occurrence of Y. pseudotuberculosis infection was the same for sheep, 

goats and pigs, being restricted to the winter and spring months. De Allie (1 994) observed 

seasonal variation in the isolation of serotypes of Y. pseudotuberculosis. Serotypes I and II 

were only detected in winter and spring. Serotype Ill was detected throughout the year with a 

peak in autumn and low in summer. 

With regards to geographical occurrence, there are few studies that compare the prevalence of 

Y. enterocolitica in tropical and temperate countries. In a study conducted by Adesiyun et al. 

( 1992), a prevalence of 2 % for Y. enterocolitica in rectal swabs of piglets in Trinidad was 

reported which was significantly lower than the 16. 1 % found for rectal swab samples in 

another study conducted in the same country by Adesiyun and Krishnan (1995). Studies in 

similarly warm tropical environments have recorded considerably lower prevalence of Y. 

enterocolitica infection such as 1 .6 % found in rectal and tongue swabs in the Zaria area of 

Nigeria (Lombin et al. 1985) and the 0.5 3  % reported for slaughter pigs in Plateau area of 

Nigeria (Okoroafor et al. 1988). Compared to reports from temperate regions, the prevalence 

of 2 1 .  3 % reported by Adesiyun and Krishnan (1995) is considerably lower than the 43.4 % 

found in Norwegian pigs (Nesbakken and Kapperud 1985) and the 5 1 .6 % found in pigs in the 

USA (Doyle et al. 198 1). 

CARRIER STATUS OF YERSINIA SPP. IN PIGS 

Tonsillar Carriage 

The highest isolation rates in pigs have been from the tonsils and oral cavity. Several 

investigators in Europe (de Boer et al. 1986, 1 991) ,  USA (Doy1e and Hugdahl 1983;  Doyle et 

al. 1 989; Schiemann and Rerning 198 1 )  and Japan (Fukushima et al. 1989; Shiozawa et al. 

1987, 1 988) have reported that pathogenic strains of Yersinia are carried on the tongue and in 

the throat of healthy pigs, suggesting potential dissemination from the tonsils to other 
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pharyngeal regions, and to the carcass during slaughter and processing. It is well documented 

that Y. enterocolitica 0:3  can be isolated from approximately 25-50 % of tonsils and tongues 

of healthy pigs (Andersen et al. 199 1 ;  Christensen 1980; Doyle et al. 198 1 ;  Nesbakken and 

Kapperud 1985; Pedersen 1979; Schiemann and Heming 198 1 ;  Wauters 1979). Nesbakken 

( 1 985) was able to isolate Y. enterocolitica 0:3 from 68 % of 4 7 pigs by enrichment of 

tongues and tonsillar tissues. 

In the lower North Island of New Zealand, Y. enterocolitica is the most common species of 

Yersinia isolated from the tonsils of pigs sent for slaughter. Y. enterocolitica biotype 4 

serotype 0:3 and Y. enterocolitica biotype 3 serotype 0:5 ,27 are the most common pathogenic 

variants of Y. enterocolitica harboured in the tonsils of these animals in New Zealand (De Allie 

1 994). 

Y. pseudotuberculosis is also a frequent inhabitant of the tonsils. Serotypes I, 11 and Ill were 

detected with serotype Ill being the most consistent isolate (De Allie 1994). 

Faecal carriage 

Isolation from intestinal contents has been reported to be of much lower frequency, 

approximately one-tenth of that found in tongues and tonsils (Aldova et al. 1980; Esseveld and 

Goudzwaard 1973; Pedersen and Winblad 1979; Szita et al. 1980; Toma and Deidrick 1975 ; 

Tsubokura et al. 1973;  Weber and Lembke 198 1 ;  Zen-Yoji et al. 1974). However, higher 

frequencies of isolation from faeces have also been reported. Fukushima et al. ( 1983) found 

that 7 . 1  % of faecal samples from five farms were infected, with as much as 14.6 % infected in 

one of the farms. In Japan, Maruyama (1987) examined caecal contents at 41  abattoirs and 

found a constant high percentage of pigs infected. Out of 9423 pigs examined, 1 1 14 ( 1 1 . 8 %) 

were found to be infected with the human pathogenic serotypes 0:3, 0:9 or 0:5,27. In a study 

conducted by Andersen ( 1 988) in Denmark, out of total 1458 faecal samples, 24.7 % were 

positive for Y. enterocolitica 4/0:3.  Zheng (1987) in China and Bockemuhl et al. ( 1 979) in 

Germany reported findings of 48.4 % and 27.4 % respectively. In another study conducted in 

Japan, Shiozawa et al. ( 1991) found that 24.3 % of 140 pigs were carriers of the organism in 

the caecum, with counts varying from less than 300 up to 100 000 bacteria per gram of 

intestinal content In a study conducted by Adesiyun and Krishnan ( 1995), it was clearly 

evident that rectal swabs yielded significantly more Y. enterocolitica isolates than either tongue 

swabs or tonsils. This finding is at a slight variance with the reports of De Boer and Nouws 

( 1 991)  in theNetherlands where 1 7  % and 20 % of rectal and tongue swabs, respectively were 
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positive for Y. enterocolitica. The rather lower isolation rate found in the tonsillar tissue 

compared to the rectal swabs may be explained, in part by the fact that tonsils were subjected 

to the high scalding temperature prior to sampling while the rectal samples were not (Adesiyun 

and Krishnan 1 995). Also in their study, the fact that over a six-week period of sampling, Y. 

enterocolitica serotype 0:3 was repeatedly recovered from rectal swabs of pigs suggests that 

this serotype can be readily recovered from faeces. 

CONTAMINATION DURING PIG SLAUGHTERING 

Slaughter animals are recognised reservoirs of a number of human pathogens and following 

slaughter, carcass contamination often occurs through faecal materials, hides and pelts 

(Nesbakken and Kapperud 1985;  Grau 1986;  Asplund et al. 1990). Pig slaughter is an open 

process with many opportunities for the contamination of the pork carcass with potentially 

pathogenic bacteria (Borsch et al. 1996). 

During lairage, pathogenic bacteria may spread from infected to non-infected pigs as shown for 

Yersinia spp. by Fukushima et al. ( 1 990). During subsequent slaughtering procedures, 

pathogenic bacteria may spread to the carcass from the intestines, stomach contents, and oral 

cavity/oesophagus. The critical operations are circumcision of the rectum, removal of the 

intestinal tract and removal of the pluck set. In Denmark. Norway and Sweden, it is common 

practice to use plastic bags to seal off the rectum after loosening the rectum. This procedure 

reduces dissemination of organisms present in the faeces to the carcass and subsequently to the 

cut meat and can be considered of great significance for the production of pork. Pathogenic 

bacteria such as Yersinia spp. are present in high numbers on tonsils. The incidence of Yersinia 

spp. on tonsils, carcass fore-end and liver/diaphragm in a Danish study was found to be 56 %, 

40 %  and 25 % respectively (Christensen and Luthje 1994). After changing pluck removal, so 

that the tongue was left untouched in the non-split head until the head was removed from the 

carcass, contamination was reduced. Meat inspection procedures concerning the head represent 

a cross-contamination risk. Pathogenic bacteria such as Yersinia spp. may be transferred from 

the tonsillary region to the other parts of the carcass by the knives and hands of butchers and 

meat inspection personnel (Nesbakken 1988) .  Furthermore, bacterial growth will occur during 

storage of the pork. Y. enterocolitica being a psychrotroph is able to grow on meat stored at 

chill temperatures, but in general, the growth rate is dependent also on other environmental 

factors such as pH value and relative humidity (Palumbo 1 986; Wallentin Unberg and Borsch 

1993). The major contamination source of Y. enterocolitica is the pig, and the contamination of 
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carcass with this bacteria may be limited, provided that strict slaughtering procedures are used 

(Borsch et al. l 996). 
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CHAPTER TWO 

FAECAL AND TONSILLAR CARRIAGE OF YERSINIA SPP. BY PIGS 

INTRODUCTION 

Yersiniosis is an important zoonotic disease caused by pathogenic strains of Yersinia 

enterocolitica and Y. pseudotuberculosis. Since the late 1960's, Y. enterocolitica has 

increasingly become recognised as a cause of food borne disease in humans (Taylor, 1 992). 

The organism is associated with the following clinical manifestations : acute and chronic gastro

enteritis, mesenteric lymphadenitis which may result in pseudoappendicular syndrome; sepsis 

of the very young, the aged and irnrnunocompromised; and post-infection syndromes such as 

reactive arthritis and erythema nodosurn (Cover and Aber 1 989) . Y. pseudotuberculosis is 

similar to Y. enterocolitica in clinical characteristics, but is relatively uncommon. Both species 

of Yersinia have been isolated from pigs and reports of association between infection and 

clinical disease in these animals are increasing ( Hurvell 1981  ) .  

The source of human infection varies, but the pig is considered to be an important reservoir for 

human Y. enterocolitica infection (Hurvell, 1 98 1 ;  Schieman, 1 989; Kapperud, 1 99 1 ). 

Although pigs are considered as natural reservoirs and play an important role in the 

transmission of human yersiniosis, the source of infection in pigs themselves remains unclear. 

There are many reports in the literature of surveys conducted on pig carcasses, offal and faeces 

for the presence of Y. enterocolitica (Doyle et al. 199 1 ;  Schieman and Aerning, 1 98 1 ;  Hunter 

et al. 1 983). Results of these surveys have stimulated further sturues suggesting that infection 

is distributed world-wide in pigs, and serotypes considered pathogenic to man are commonly 

present. Many studies have also shown that pigs may be asymptomatic carriers of strains 

which belong to the same serotypes, biotypes as those associated with human disease (W auters, 

1 979; Hurvell, 1981) .  The majority of human Y. enterocolitica infections are caused by 

0:3/biotype 4. The strains associated with disease in man and animals belong to only a few 

serogroups. Serogroups 0:3, 0:5 ,27, 0:8 and 0:9 are considered the most important causative 

agents of yersiniosis in man (Kapperud 1 991 ) . These strains are more commonly found in pigs 

than in any other species (Carniel and Mollaret 1990; Hanna et al. 1980). 

Y. enterocolitica is a faecal commensal but there are certain serotypes that inhabit the oral 

cavity (Kapperud, 1 99 1 ). Y. enterocolitica 0:3 is often found in the intestinal contents and 
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faeces of pigs. A study conducted by Shiozawa et al. ( 199 1 )  found that 24.3 % of 140 pigs 

were c arriers of the organism in the caecum. Several researchers (Asplund et al. 1 990; de Boer 

and Nouws 1991)  have found some variations in the frequency of isolation of microorganisms 

from different sites in pigs. 

Tills study was undertaken to determine the faecal and tonsillar carriage of different species of 

Yersinia by pigs belonging to different age groups and characterise the species isolated by 

biochemical and serological methods. 

MATERIALS AND METHODS 

Sample size and collection 

The study was conducted in two phases : first in a known or suspect Yersinia enterocolitica

positive farm within Massey University and second, in an abattoir where pigs from the 

suspected farm are sent for slaughter. The period of study was from August to November 

1996. Faecal samples were collected from pigs of six different age groups, including 3-4 days, 

2 weeks, 3 weeks, 4 weeks, 8 weeks and 12  weeks. A total of 54 samples was collected 

representing seven samples from the litter of each age group, one sample from the sow and one 

pooled sample from the floor of the pen (environmental sample). Based on previous studies, it 

was assumed that a 30 % prevalence of Yersinia infection was present in this farm. Based on a 

table for determination of sample sizes at the 95 % level of confidence, for an infinite 

population size at a 30 % level of infection, a total of nine animals or samples per herd were 

required to detect at least one infected animal from a herd. Faecal samples were collected in 

sterile bottles with scoops and rectal swabs were placed in transport medium. In the abattoir, a 

total of 50 samples (representing 25 faecal and 25 palatine tonsils) were collected from 

slaughter pigs with ages ranging from 20-24 weeks. The pigs were subjected to the standard 

slaughtering procedures (electrical stunning, exsanguination, scalding, dehairing, evisceration), 

as applied in licensed New Zealand pig abattoirs. Faecal samples were taken from the lower 

portion of the large intestines. The posterior parts of the tongue, tonsils and pharynx were 

removed as one block from the pluck following evisceration and placed into a sterile plastic 

bag, labelled individually and placed in a chilly bin for transport to the laboratory. Sample 

collections were done in such a way that faeces and tonsils correspond to the same animal 

undergoing evisceration. It was noted, however, that the tonsils had already been cut during the 

evisceration process, so it was not possible to get the whole pair of palatine tonsils. After 
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collection, faecal samples or rectal swabs and tonsils were transported immediately to the 

microbiology laboratory at the Department of Veterinary Pathology and Public Health for 

processing. Tonsils were stored at 4 oc for 1 -3 hours before processing. 

Cold enrichment 

Samples were processed individually and aseptically for cold enriclunent. Special precautions 

were taken to prevent cross-contamination of samples.  Faeces and tonsils were processed in 

separate rooms. For faecal samples, a 1 : 1 0  dilution was followed where approximately 1 g of 

faeces was mixed in 9 m1 of M/15 (PBS), pH 7.6 (Appendix) to make a 1 : 10 dilution. Faecal 

suspensions were placed in sterile screw capped universal bottles, labelled and stored for 21  

days at 4 oc_ A positive control of the faeces was also done however, the number of  Y. 

enterocolitica cells per g of sample was not determined. The tonsils were processed under a 

safety hood. Tonsils were trimmed to remove excess non-tonsillar tissues. Sterile disposable 

blades were used and on each occasion instruments such as scissors and forceps were 

disinfected with 95 % alcohol and flamed in a Bunsen burner between samples. Tissues were 

sliced and placed in a stomacher bag, to which was added 25-30 m1 of M/ 1 5  (PBS), pH 7.6. 

Again, on each occasion a disposable pipette was used. This was then homogenised in a 

stomacher "400" apparatus (Col worth 400, London), for 10- 15 minutes. After homogenisation, 

the suspensions were transferred to sterile screw-capped universal bottles, labelled and stored 

in a similar manner to the faecal samples. 

Cultivation after cold-enrichment 

After 2 1  days of incubation at 4 oc , a loopful of suspension from each sample was plated onto 

Cefsulodin Irgasan Novobiocin (CIN) agar (DIFCO, U.S.A.) (Schiemann 1 979). (Appendix). 

Plates were incubated at 29 oc and examined after 24-48 hours for growth and cultural 

characteristics of the bacteria 

Typical Yersinia colonies (pink to dark red ''bull's-eye" colonies surrounded by a transparent 

border, varying in size from pin-point at 24 hours to approximately 2.5 mm in diameter at 48 

hours) were picked off and sub-cultured onto blood agar (BA) and MacConkey agar plates 

(Appendix). Colonies of Yersinia spp. are small, colourless, non-lactose fermenters on 

MacConkey agar. Only non-haemolytic cultures on BA were used. Oxidase test was also done 
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on BA plates. From BA plates, cultures were then transferred onto Bijoux bottles containing 

peptone water, incubated for 24 hours and used as inoculum for further characterisation. 

Isolation and screening of Yersinia spp. 

For screening Yersinia spp., triple sugar iron agar (TSI),  lysine iron agar (LIA) (Weagant 

198 1 )  and urea slants were inoculated with the inoculum and incubated at 29 oc for 24-48 

hours. At this point the mortality test was performed. Isolates that gave either an acid slant/acid 

bun (NA) or an alkaline slant/acid bun (K/A) reaction on TSI ,  and an alkaline slant/acid bun 

on LAIA, and were urea positive (pink colour) were considered presumptively Yersinia. 

Cultures which have at least one of the following reactions were rejected: hydrogen sulphide 

or H2S production (blackening on TSI), excessive gas production (bubbles or cracks on the 

medium) or non-fermentation (TSI), non-fermentation (LIA) and urea negative. From this, one 

drop of the inoculum was transferred to Bijoux bottles each containing 4 ml of tryptone water 

(1W) and further incubated for 24-48 h. This was used as the inoculum for biochemical 

characterisation and subsequent identification of the isolates (See Table 3 for the flow diagram 

used to isolate Yersinia spp). 

Identification and serotyping of Yersinia isolates 

Yersinia spp. were identified on the basis of morphological, biochemical and cultural 

parameters as described elsewhere (Bercovier et al. 1980). Each isolate was subjected to the 

following biochemical tests at 29 °C: ornithine decarboxylase, methyl red, Voges-Proskauer 

(MRVP) (also at 37 °C), indole production, acid production from the following sugars: 

sucrose, L-rhamnose, D-melibiose, D-trehalose, D-xylose, salicin and aesculin hydrolysis. All 

tests were read daily for two days . 

Serotyping was carried out by slide agglutination. All isolates identified as Yersinia spp. were 

stored in 1 5  % glycerol broth at -70 oc. 



Table 3. Flow diagram used in the isolation of Yersinia spp. from tonsils and faeces of 
pigs. 

Palatine tonsils:---------------7 25-30 ml M/15 (PBS ,  pH 7.6) 
in "stomacher" 

Faeces ( 1 :  1 0  dilution in M/15) ------� Enrichment PBS, 4 cc for 21  days 

-L 
After 2 1  days, 0. 1 cm3 suspension cultivated on CIN 
agar plates at 29 cc for 1 8-48 hours 

-L 
Sub-culture, BA 29 cc for 24 hours (non-haemolytic) 

-L 
Tryptone water 29 cc for 24 hours 

Screening----------

Biotyping ---------

Serotyping ----------

CIN= Cefsulodin lrgasan Novobiocin 
BA= Blood Agar 
GB= Glycerol Broth 
PBS= Phosphate Buffered Saline 

TSI slants 29 cc for 24-48 hours 

LIA slants 29 cc for 24-48 hours 

Urea slopes 29 cc for 24-48 hours 

Motility 29 °C; 37 cc 24-48 hours 

Sucrose 
Rhamnose 
Melibiose 
Trehalose 
Xylose 
Aesculin 
Ornithine 
Indole 

MRVP 29 cc 
MRVP 37 cc 
Salicin 
Other biochemical media 

Specific antisera 

-L 
Yersinia spp. 

-L 
Storage ( 1 5 % GB) -70 cc 

TSI= Triple Sugar Iron 
LIA= Lysine Iron Agar 
MRVP= Methyl Red-Voges Proslcauer 

53 
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Pathogenicity/Virulence tests 

To differentiate pathogenic from non-pathogenic strains, salicin fermentation and aesculin 

hydrolysis were used. All Yersinia spp. isolates were tested for potential virulence by the 

pyrazinarnidase (PYZ) activity test and Congo Red Magnesium Oxalate (CR-MOX). 

Salicin fermentation and aesculin hydrolysis are tests routinely carried out during biochemical 

characterisation of isolates of Yersinia spp. Salicin fermentation and aesculin hydrolysis were 

determined by inoculating 2-3 drops of test strain into Bijoux bottles containing 3 ml of the 

preparation or onto aesculin agar slopes (Appendix) which were then incubated at 29 cc and 

read after 24 and 48 hours. For salicin fermentation, a positive reaction is indicated by a pink 

to red colouration of the preparation while a negative reaction is indicated by no colour change. 

A positive reaction for aesculin hydrolysis was determined by blackening of the medium while 

no colour change in the medium indicates a negative reaction. Pathogenic strains of Yersinia 

spp. are salicin-aesculin negative while non-pathogenic strains are positive in these two tests. 

The pyrazinarnidase (PYZ) test was performed as described by Kandolo and Wauters ( 1985).  

(Appendix). All Yersinia spp. isolated in this study were tested for potential virulence by PYZ 

activity test. Overnight broth cultures of Yersinia spp. were inoculated over the entire slant of 

PYZ agar, incubated at 25 cc for 48 hours, and tested with freshly prepared solution of 1 %  

ferrous ammonium sulphate. A pink to brownish discolouration on the slant indicated a 

positive result and no colour change was associated with a negative result 

All Yersinia isolates were grown on 5 % sheep blood agar for 24 hours. From these plates, 

individual colonies were picked off and subcultured onto CR-MOX agar plates, and were 

incubated at 37 cc at 24 and 48 hours and observed for the presence of red colonies. CR-MOX 

positive reaction is indicated by small red colonies. Freshly isolated strains of pathogenic 

yersiniae are CR-MOX positive and contain the virulence plasmid. Further incubation of 

plates for several days would show the development of large, colourless colonies from the small 

red ones due to loss of plasmid. Negative results for CR-MOX were shown by the presence 

only of large colourless colonies. 
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RESULTS 

Results of this study are presented in Table 4. All of the 54 faecal samples from pigs belonging 

to six different age groups were found negative for Yersinia spp. Some plates showed colonies 

resembling "bulls-eye", which however, were already found to be more than 2.0 mm in 

diameter after only 24 hours of incubation. On TSI slants, typical reactions were acid 

slant/acid bun (N A) with excessive gas formation and all were urea negative. No further 

biochemical tests were done since the tests conducted were primary screening tests and negative 

for Yersinia. 

Of the 25 samples of tonsils, three isolates were identified as unusual Yersinia enterocolitica 

or Y. enterocolitica new biotype and two were Y pseudotuberculosis Group I. Of the 25 faecal 

samples, there were two isolates of Y frederiksenii and one isolate of an unusual Y 

enterocolitica. It was interesting to note that this single faecal isolate identified as being an 

unusual strain came from the same animal from which this strain was also isolated from the 

tonsils. Table 5 shows the results of all biochemical tests used in the identification of Yersinia 

spp. from pigs. Table 6 shows the biochemical profile of three Yersinia spp. isolated from the 

tonsils and faeces of pigs in this study. Table 7 shows the biochemical tests used to distinguish 

the unusual strains of Y enterocolitica from other Yersinia spp. 

The reactions of eight isolates of Yersinia spp. using the four simple tests (salicin 

fermentation/aesculin hydrolysis, D-xylose fermentation, pyrazinarnidase test and CR-MOX ) 

described by Farmer et al. 1992 are presented in Table 8. The unusual strains of Y. 

enterocolitica isolated were salicin-aesculin positive, D-xylose positive, CR-MOX negative 

and PYZ negative. The first three tests would indicate non-pathogenicity, however, PYZ test 

was negative which indicates virulence. Y. pseudotuberculosis Group I isolates were salicin 

negative, aesculin positive, CR-MOX positive and pyz negative. Except for aesculin, the three 

other tests confirms the isolate to be pathogenic/virulent. Y frederiksenii isolates were positive 

for salicin, aesculin and PYZ tests but negative for CR-MOX, all indicating that this strain is 

non-pathogenic or avirulent. 



Table 4. Summary of results of Yersinia study conducted at the pig farm 
and abattoir 

Age of pigs No. and type of samples 

FARM 

3-4 Days 9 • 

2 Weeks 9 

3 Weeks 9 

4 Weeks 9 

8 Weeks 9 

12 Weeks 9 

Total 54 

56 

ABATTOIR 25 tonsils 3 Y. enterocolitica "new biotype" 
2 Y. pseudotuberculosis group I 

20-24 Weeks 

Total 

25 faeces 

··· so 

1 Y. enterocolitica "new biotype" 
2 Y. ederiksenii 

• · . .  ... - . , � 

*= faecal samples from 7 piglets, 1 sow and 1 
pooled sample from floor (environmental sample) 

- = negative 
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Results of biochemical tests used in the identification of Yersinia spp. from pigs 

AlA = acid/acid 

Kl A = alkaline/acid 

+ = positive 

- = negative 

34 T 

NIH = non-haemolytic 

36T 34 F 1 6  T 

YE= Yersinia enterocolirica 

YP = Yersinia pseudoruberculosis 

YF = Yersiniafrederiksenii 
MR= Methyl Red 

VP= Voges-Proskauer 

3 8  T 24 F 

TSI= Triple Sugar Iron 

UA= Lysine Iron Agar 

44 F  
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Table 6. Biochemical Profile of three Yersinia spp. isolated from tonsils and faeces 

of pigs 

Test Y. enterocolitica Yersinia Yersinia 
(new biotype) pseudotuberculosis frederiksenii 

Ornithine - - + 

Voges-Proskauer + - + 

Indole + - + 

Aesculin (24 h) + + + 

Sucrose + - + 

Rhamnose - + + 

Raffinose + - -

Melibiose + + -

a-methyl glucoside - - -

+ = positive - = negative 



Table 7. Biochemical differentiation of the unusual strains of Y. enterocolitica from 
other Yersinia spp. 

Unusual YE YK YM YB YF YI YA YR 
YE Strain 

+ + + + + + + + 

+ +I- + + + 

+ V V + + + 

+ V V + 

+ + + + + + + 

+ + + 

+ + V 

+ + V 

��'�, �:5:.;?-��>;;.�;:rn,,· 
· a;.IJ!ethyl .. c . .  � • + 
· · hicoside < · · " 

59 

yp 

V 

V 

YE= Y. enterocolitica; YK= Y. kristensenii; YM= Y. mollaretii; YB=Y. bercovieri; YF= Y. 

frederiksenii; 
Yl= Y. intermedia; YA= Y. aldovae; YR= Y. rohdei; YP= Y. pseudotuberculosis 

+ = positive reaction; -= negative reaction; V= variable reaction; +1-= most strains positive 



Table 8. Reactions of 8 isolates of Yersinia spp from pigs using 4 simple virulence 
tests as described by Farmer et al. (1992) 

Species Source Salicin 
(Animal No.) Fennentation 

Y. enterocolitica Tonsils + 
new bio� (22T) 

Y. enterocolitica Tonsils + 

new bio� (34T) 

Y. enterocolitica Tonsils  + 

new biotype (36T) 
Y. enterocolitica 

new biotype (34F) Faeces + 

Y. pseudotuberculosis Tonsils -

Group I (16T) 

Y. pseudotuberculosis Tonsils -

Group I (38T) 

Y. frederiksenii Faeces + 

(24F) 

Y. frederiksenii Faeces + 
(44F) 

PYZ = pyrazinamidase test 
CR-MOX = Congo Red-magnesium oxalate agar 
+ = positive 
- = negative 

Aesculin PYZ CR-

Hydrolysis Test MOX 

+ - -

+ - -

+ - -

+ - -

+ - -

+ - -

+ + -

+ + -

60 
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DISCUSSION 

Results of this investigation have shown that the rate of infection of pigs with Y. enterocolitica 

at the study farm with a prevalence of 50 % has decreased since the study of Fenwick which 

was carried out at the same farm in 1988-89. All of the 54 faecal samples in the present study 

yielded negative results. The non-isolation of Yersinia spp. from faecal samples may be due 

the small number of samples collected. Another reason for the negative results is the possibility 

that the micro-organisms may have been significantly reduced or eliminated from this farm by 

good husbandry practices. The study farm is now considered a nucleus breeding unit of high 

health status and with a high standard of hygiene and animal husbandry (Frey, personal 

communications). According to Ostroff ( 1995), different farm sizes and animal husbandry 

techniques have an effect on the prevalence of yersiniosis. Isolation and sampling techniques 

may also have a significant effect on isolation rates (Doyle et al. 198 1 ) . Faecal and/or rectal 

swabs samples may yield less Y. enterocolitica isolates than either tongue or tonsil samples. 

This finding seems to agree with the findings of other investigators (Aldova et al. 1980; 

Essevald and Goudzwaard 1973;  Pedersen and Winblad 1 979; Szita et al. 1 980; Toma and 

Diedrick 1 975 ; Tsubokura et al. 1 973 ;  Weber and Lembke 198 1 ;  Zen-Yoji et al. 1974), that 

the frequency of isolation was approximately ten times greater from the tongues and tonsils 

than from faeces. In a study conducted by Nielsen et al. ( 1996), all of the 25 pigs 

experimentally inoculated with Y. enterocolitica 0:3 were faeces culture positive from day 5 to 

2 1  post infection (p.i .) ,  whereas shedding of bacteria declined to < 10  % of the pigs at day 49 

p.i. and to 0 % at day 68 p.i. During necropsy at day 70 p.i. , Y. enterocolitica 0:3 was isolated 

from the tonsils of 20 inoculated pigs, whereas the rest of the gastrointestinal tract and 

associated lymph nodes were culture negative. It is well known that pigs may carry Y. 

enterocolitica 0:3 in the tonsils for months after faecal excretion has stopped (Wauters and 

Pohl 1972; Kapperud 1991). 

When pigs from the study farm were sent to slaughter, both faeces and tonsils yielded Yersinia 

spp. It was interesting to note in this study that Yersinia spp. could be more readily recovered 

from slaughter pigs than from piglets on the farm. It is therefore also possible that the age of 

pigs may be an important factor in the prevalence of the infection in these animals. There is 

also the possibility that the pigs were only infected with a small number of viable cells of 

Yersinia spp., too few to be detected in the faeces by cold enrichment Based on the study done 

by Fukushima et al. ( 1989), Yersinia-positive farms can be divided into infected or uninfected 
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farms, depending on the level of Yersinia organisms in the caecal contents of the pigs, the 

former group containing animals with 102 or more organisms per g and the l atter group 

containing animals with less than 102 organisms per g. In an experimental study conducted by 

Nielsen et al. (1996), the in-feed oral inoculation of pigs with 1 08 colony forming units (c.f.u.) 

of Y. enterocolitica 0:3 successfully led to infection and excretion by all inoculated pigs. There 

is also the possibility that pigs may have been infected only during the time spent at the 

slaughterhouse. Most of the studies conducted previously by other investigators ( Doyle et al. 

198 1 ;  Fuk:ushima et al. 1990; Kwaga et al. 1990; Kapperud 199 1 ;  de Boer and Nouws 199 1 ;  

Kotula and Sharar 1993) were on slaughter pigs and not on pigs at the farm level. According to 

Fukushima et a/. ( 1 989), pigs are often contaminated with Yersinia from the faeces of infected 

pigs and from contaminated floors, during the time spent in slaughterhouse lairage. Results of 

another study conducted by Fukushima et al. ( 1990), suggest that most serotypes were 

horizontally transferred from infected pigs to other pigs during the 20 h period when pigs were 

all fasting and eating the faeces of other pigs from the lairage floor and drinking water that had 

been washed off from the pig's  body. 

Still another possibility is the evolving nature of yersiniosis as ascribed by examining published 

reports of serogroup distributions and shifts in the USA (Lee et al. 199 1 ;  Bisset 1 979; Quan 

1979; Shayegani and Parsons 1987; Bottone 1983,  1987;  Bisset et al. 1990; Metchock et al. 

1 987), Great Britain (Prentice et al. 199 1 )  and in France, Italy and Japan (Chiesa et al. 1987;  

Ichinohe et al. 1 99 1 ;  Chiesa et al. 1 99 l a; 1991b). 'This could perhaps explain the finding of the 

unusual strain of Y. enterocolitica isolated from pigs from this farm. Bioserovars 4/0:3, 

3/0:5,27 and 2/0:9 are the most common strains recovered in humans in New Zealand 

(MacCarthy and Fenwick 1990). Of these bioserovars 0:3 and 0:5 ,27 are also commonly 

found in slaughter pigs (De Allie 1994). Within the last two years at the Department of 

Veterinary Pathology and Public Health, a number of atypical Yersinia enterocolitica strains 

have been isolated from cattle, sheep and goats and subsequently from humans. According to 

Fenwick et al. ( 1996), all isolates were extensively defined biochemically, and although their 

profiles were consistent with Yersinia (Farmer et al. 1985), they did not appear to be related to 

any known species and did not possess the virulence markers. 11tis present study is the first 

report of unusual strains of Yersinia enterocolitica isolated from pigs in New Zealand. 

Several biochemical tests were used to distinguish the unusual strains from other Yersinia spp. 

as described by Fenwick et al. ( 1996). One key test was ornithine, as all Yersinia, with the 

exception of Y. pseudotuberculosis and a few atypical strains of Y. enterocolitica, are 

ornithine-positive. Other key tests that differentiated the unusual strains from other Yersinia 
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spp. were acid production from the carbohydrates melibiose, raffinose and sucrose, and 

negative reactions for rhamnose and a-methylglucoside. Fenwick et al. ( 1996) also observed 

two different biochemical profiles in their study. Of the twenty five strains, twenty one strains 

belonged to phenotype I, which was characterised by negative ornithine test and a positive 

indole reaction. The four remaining strains belonged to phenotype II, and they were ornithine 

positive and indole negative. In this study, the three isolates recovered from the tonsils and one 

isolate from the faeces of pigs belonged to phenotype I. 

To determine their pathogenic potential, the four isolates of unusual strains of Y. enterocolitica 

were subjected to the four simple tests described by Farmer et al. ( 1 992). These include: salicin 

fermentation/aesculin hydrolysis, D-xylose fermentation, pyrazinarnidase (PYZ) test and 

Congo Red-Magnesium Oxalate (CR-MOX). According to Riley and Toma ( 1989) , the 

combined use of CR-MOX, salicin-aesculin and PYZ tests provides a method for accurately 

differentiating between pathogenic and non-pathogenic Y. enterocolitica strains. Generally, Y. 

enterocolitica has the following pattern: ( 1 )  salicin-aesculin positive strains are always non

pathogenic and the vast majority are also pyrazinarnidase positive, (2) salicin-aesculin 

negative, pyrazinamidase negative strains are always pathogenic and (3) salicin-aesculin 

negative, pyrazinarnidase positive strains although uncommon are non-pathogenic. The CR

MOX test is a simple method to screen for plasmid-containing pathogenic Y. enterocolitica and 

yields results in 24 h. A strain which has lost the plasmid will be CR-MOX negative, but if it is 

a potential pathogen it will be salicin-aesculin negative and PYZ negative. In this study, the 

unusual strains of Y. enterocolitica isolated from the pig's tonsils and faeces are salicin

aesculin positive, xylose positive, and pyrazinamidase negative. Kandolo and Wauters ( 1985) 

found an excellent correlation between virulence and a negative test for pyrazinarnidase. Y. 

pestis, Y. pseudotuberculosis and strains of Y. enterocolitica which belonged to bio-serogroups 

usually associated with human disease were pyrazinamidase negative. The pyrazinamidase test 

is usually positive in saprophytic strains of Y. enterocolitica but was found to be negative in 

the unusual strain of Y. enterocolitica isolated in this study. This finding agrees with the 

observations of Fenwick et al. ( 1996) ,  where unusual strains of Y. enterocolitica isolated 

from the faeces of ruminants with clinically apparent enteric infections were also 

pyrazinamidase negative. These strains, with their lack of plasmid-associated virulence markers 

are probably environmental in origin, however, since they have not yet been isolated from 

environmental samples this remains speculation (Fenwick et al. 1996). 
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Two isolates of Yersinia pseudotuberculosis serotype I were recovered from the pig ' s  tonsils 

in this study. In a study conducted by De Allie ( 1994), Y. pseudotuberculosis serotypes I, II 

and Ill were isolated from the tonsils of slaughter-age pigs. Y. pseudotuberculosis serotype I 

was isolated only in the months of July, August and October (winter and early spring), serotype 

11 between the months of June and November, and serotype Ill throughout the year except in 

the month of February, with the highest peak in autumn and lowest in the spring and summer. 

In this study, sample collections were done in the months of August and October when 

serotype I was isolated conforming to the results of De Allie' s investigations. All of the 25 

faecal samples from slaughter age pigs in this study were negative for Y. pseudotuberculosis. 

As mentioned in the review of literature, according to Mair and Fox ( 1 986), Y. 

pseudotuberculosis is rarely isolated by faecal culture, even in confirmed cases of 

pseudotuberculous mesenteric lymphadenitis. The reason for this was probably that excretion 

of the organism had ceased before the onset of pseudoappendicular symptoms. 

The pathogenic potential of Y. pseudotuberculosis group I isolated from the tonsils of pigs in 

this study was shown by CR-MOX and PYZ tests. Both isolates were CR-MOX positive and 

PYZ negative indicating that the isolates are potential pathogens. As discussed in the literature 

review, Y. pseudotuberculosis is associated with a variety of human diseases such as 

mesenteric lymphadenitis, terminal ileitis, erythema nodosum, reactive arthritis and septicaemia 

(Mollaret 1965 ; Mair and Fox 1 986) . Studies carried out in Europe, Canada and Japan have 

shown that pigs are an important reservoir of Y. pseudotuberculosis (Narucka and 

Westendoorp 1 977; Toma and Diedrick 1975 ; Tsubokura et al. 1984; Zen-Yoji et al. 1 974). 

Therefore, the presence of this organism in the tonsils of slaughter pigs suggests that pig 

carcasses and pork products could become contaminated and act as a source of infection to 

man. 

Among the other Yersinia spp, there were two isolates of Y. frederiksenii recovered from 

faeces of pigs. These are generally regarded as environmental strains and not usually associated 

with disease in people (Van Noyen et al. 198 1 ). In a study conducted in Brazil between mid 

1980 and 1985 (as cited in Falcao 1987), all strains of Yersinia were isolated from food and 

the environment with the exception of Y. frederiksenii as were only isolated from pig' s  faeces. 

According to Ursing et al. ( 1980), isolation of Y. frederiksenii from human stools usually 

reflects only transient carriage. It should be considered an opportunistic pathogen for humans 

and the clinical significance should be weighed in view of available epidemiological data. In the 

UK, during the 1 0-year period 1984-1993, when all faecal and food samples were routinely 
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submitted to the Public Health Laboratory, results have shown an expectedly high faecal 

carriage rate of Y. frederiksenii (29 %) and low faecal carriage of Y. intermedia (2 %) 

compared with the prevalence of these strains in foods ( 1 7  and 22 % respectively). According 

to Greenwood ( 1 995), although the significance of these species in human infection is 

debatable, these figures suggest that strains of Y. frederiksenii are capable of greater 

persistence in the human gut than strains of Y. intermedia. 

CONCLUSION 

From this study the following conclusions can be drawn. Even though pigs have been 

established to harbour Yersinia spp. in their tonsils or faeces, not all pigs are infected with 

pathogenic and non-pathogenic species of yersiniae. Pigs sent for slaughter carry Yersinia spp. 

in their tonsils and faeces as in other countries. Although faecal samples are considered 

common clinical specimens and more convenient to collect for isolation of Yersinia spp. , the 

tonsils should be the preferred sample for isolation. Results of this study in conjunction with 

other published reports show that Yersinia spp. are more commonly isolated from the tonsils 

than from faecal samples . As more researchers study Yersinia, there is a possibility that more 

isolates or strains will be discovered as shown by the emergence of unusual strains or new 

biotypes of Y. enterocolitica. Although these unusual strains isolated from pigs are closely 

related to Y. enterocolitica and show a biochemical profile similar to those isolated by Fenwick 

et al. ( 1 996), the definitive status of these new isolates have yet to be determined. Y. 

pseudotuberculosis is considered a potential pathogen as shown by in vitro virulence assays 

such as the pyrazinarnidase test and Congo Red Magnesium Oxalate (CR-MOX) and should 

not be overlooked as a causative agent of human disease. 'This strain should also be considered 

a potential risk for people in direct contact with infected pigs, such as veterinarians, pig 

farmers and abattoir workers as it is apparently similar to strains previously isolated from 

human cases of enteric infections. 

RECOMMENDATION 

Because slaughter pigs have been established as an important source of Y. enterocolitica 

infections, it is important to prevent or at least attempt to decrease the degree of contamination 

in the slaughterhouse. In the study slaughterhouse, the tonsils were not always removed intact 

together with the pluck, having already been sliced, with portions remaining in the pig' s  head. 

'This is a potential source of contamination especially if the knives are not adequately sterilised. 
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Pathogenic strains of Yersinia spp. from the tonsils and intestines are likely to contaminate the 

carcasses and the slaughterhouse environment. The application of Hazard Analysis Critical 

Control Point (HACCP) and Good Manufacturing Practice (GMP) in pig slaughter must be 

focused on limiting this spread (Borsch et al. 1996). It is therefore recommended that 

emphasis be placed on the following critical points during slaughtering and dressing (Kapperud 

1 99 1 ;  Troeger 1994; Borsch et al. 1996) : 

(i) scalding 

(ii) singeing 

(iii) circumanal incision and removal of the intestines 

(iv) excision of the tongue, pharynx and particularly the tonsils 

(v) post-mortem meat inspection procedures which involve incision of mandibular 

lymph nodes 

(vi) deboning of the head. 

Tonsils should be removed intact together with the pluck and examined separately to prevent 

contamination of the carcass. As practised in Scandinavian countries, the incorporation of the 

plastic bag technique to seal off the rectum after it has been freed would also help in 

preventing the dissemination of Y. enterocolitica which are spread via the faeces. The use of a 

bung cutter and sealing of the rectum with a plastic bag is practised in New Zealand during 

beef slaughter but not i n  pig slaughter. 

Yersinia infections in pigs have traditionally been diagnosed by culture of samples obtained 

from tonsils and faeces. In the Nordic countries, the recommended culture method for Yersinia 

enterocolitica takes at least four days for a positive diagnosis and three weeks for a negative 

diagnosis (Anon. 1 987). Most laboratories follow the 2 1-day cold enrichment method to isolate 

the organisms from clinical specimens and food samples. Hence, there is a need to develop 

cheap, rapid, sensitive and less time-consuming non-culture methods for detection of Yersinia 

infections especially in a large scale surveillance of pig populations. 

Age is considered an important factor for Y. enterocolitica colonisation of pigs but no 

conclusion could be drawn from this study as to the age at which pigs become infected. 

Although different age groups were used, part one of this study was limited to isolation of 

Yersinia spp. from faecal samples and not tonsillar samples. In addition to this, the number of 

samples collected was very small and was limited to only one farm. Future studies should still 
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be aimed at detennining the age when pigs become colonised with f. enterocolitica in their 

tonsils. It is also not clear at the moment whether the presence of pathogenic Yersinia 

organisms is related to certain conditions during growth and fattening. The nil isolation rate in 

this particular farm which was previously found to be Yersinia-positive provides some 

encouragement that good husbandry procedures and control procedures might be effectively 

implemented to reduce or eliminate pathogenic serotypes of yersiniae. 

Research efforts should be directed towards i ntervention studies and development of methods to 

reduce colonisation of pigs on the farm, contamination at the slaughterhouse, growth during 

refrigeration of foodstuffs and storage and spread within the kitchen. 
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APPENDIX 

Preparation of media used for the isolation, identification, virulence tests and storage of 
Yersinia isolates 

Aesculin Hydrolysis 

1 .  To 1 litre of distilled water, add the following materials: 

1 gm Aesculin (DIFCO) 

0.5gm Ferric Iron Citrate 

25 gm Heart Infusion Broth (DIFCO) 

15 gm Bacto Agar (DIFCO) 

2 Dissolve by gentle heating. 

3. Mix thoroughly and dispense 3 m! amounts in Bijoux bottles. 

4. Sterilise by autoclaving for 15 minutes at 1 2 1  oc. 

5.  Cool in a slanting position and store at +4 °C. 

Blood Agar 

This medium comprises a salt base and a blood base. 

Salt Base 

1 .  To 1 litre of distilled water add 1 5 .0 gm Bacto Agar (DIFCO) and 5.0 g m  Sodium 

Chloride (NaCL), and dissolve by heating 

2. Autoclave for 15 minutes at 1 2 1  oc. 

3. Cool to 45-50 °C. 



4. Dispense 10 ml amounts into each petri dish and allow to cool and dry. 

Blood base 
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1 .  To 1 litre of distilled water, add 44.0 gm of Columbia Blood Agar Base (DIFCO) and 

dissolve by heating. 

2. Autoclave for 15  minutes at 121 oc. 

3 .  Cool to 45-50 oc. 

4. Add 5 % (WN) of sheep blood. 

5 .  Dispense 1 0-15  ml amounts over the already prepared salt base. 

6 .  Allow to cool and dry, and store at +4 oc. 

Carbohydrates (Sugars) 

1 .  To 1 litre of distilled water, add the following materials: 

10 gm peptone (DIFCO) 

3 gm Meat Extract (GIBCO, BRL, Scotland) 

5 gm Sodium Chloride 

10  m1 Andrades Solution 

2. Dissolve by stirring and adjust pH to 7.2. 

3. Dispense in 200 m1 bottles. 

4. Autoclave for 15 minutes at 121 oc. 

5. Add 20 ml (10 %) Seitz filtered carbohydrates• 



70 

6. Dispense aseptically in 3 ml amounts into Bijoux bottles. Store at 4 °C. 

* The following were used: Comprises of sucrose, trehalose, rhamnose, melibiose, 

raffinose, a-methyl-glucoside, sorbose, sorbitol, cellobiose, maltose, xylose, arabinose, 

salicin and lactose. 

Cefsulodin-Irgasan-Novobiocin Agar (CIN) 

(Schiemann 1 979) 

The preparation of this medium is achieved by the combination of the Yersinia selective agar 

base and the Yersinia antimicrobic supplement Cefsulodin Novobiocin (CN). 

1 .  To 1 litre of distilled water, add 59.5 gm of Yersinia Selective Agar B ase (DIFCO) 

and dissolve completely by boiling. 

2. Sterilise by autoclaving for 15 minutes at 1 21 oc. 

3. Cool to 45-50 oc. 

4. Aseptically add 10 ml rehydrated Yersinia Antimicrobic Supplement CN (DIFCO, 

USA). 

5 .  Mix thoroughly avoiding the formation of air bubbles, and dispense 1 5-20 ml amounts 

into sterile petri dishes. 

6. Allow to cool and dry, store at +4 oc. 

Congo Red - Magnesium Oxalate Agar (CR-MOX) 

{Riley and Toma 1989) 

1 .  To 825 ml of distilled water, add 40 gm of Tryptic Soy Agar (DIFCO) and dissolve 

by boiling. 



2. Autoclave for 1 5  minutes at 1 2 1  oc. 

3. Cool the molten medium to 55 °C, and add the following solutions : 

80 ml of 0.25 M Magnesium Chloride (2.38 gm/100 ml) 

80 ml of 0.25 M Sodium Oxalate (3.55 grnll OOml) 

10  ml of 20 o/c D-galactose 

5 ml of 1 % Congo red 

4. All solutions are sterilised by autoclaving for 15 minutes at 1 2 1  °C, except for D

galactose solution which is filter-sterilised. 

5 .  After thorough mixing, dispense 1 5-20 ml amounts into sterile petri dishes. 

6. Allow to cool and dry. Store at +4 oc. 

Decarboxylase Test Broth 

1 .  To 1 litre of distilled water add 10.5 gm Moeller's decarboxylase base medium and 

dissolve by gentle heating. 

2. Dispense into 200 ml bottles. 
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3. To each 200 rnl amount, add 2 gm L-Arginine (SIGMA), or 2 gm L-lysine (SIGMA), 

or 2 gm L-ornithine (SIGMA), whichever is required. 

4. Adjust pH to 6.0. 

5 .  Dispense 3 m1  amounts into Bijoux bottles. 

6. Autoclave for 15 minutes at 121  oc. Store at +4 °C. 



Glycerol Broth (15 %) 

1 .  To 300 ml of distilled water add the following materials: 

2.4 gm Nutrient Broth 

45 ml Glycerol 

2. Mix together (don't need to heat) 

3 .  Dispense 3 ml amounts into Bijoux bottles. 

4. Autoclave for 15  minutes at 1 21 °C. Store at +4 oc. 

Lysine Iron Agar (LIA) 

(Weagant 1983) 

1. To 1 litre of distilled water, add the following materials: 

34.5 gm Lysine iron Agar (DIFCO) 

2. Dissolve by heating. 

3.  Dispense in 6 ml amounts into screw-capped polycarbonate tubes. 

4. Autoclave for 15  minutes at 1 21 °C. 

5 .  Cool in slanting position. Store at +4 oc. 

MR-VP Mediwn 

1 .  To I litre of distilled water, dissolve 1 7  gm B acto MR.-VP Medium (DIFCO). 

2. Dispense into test tubes in 10 ml amounts. 
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3.  Sterlize by autoclaving for 1 5  minutes at 1 2 1  °C. 

Methyl Red Test 
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To 5 ml of culture add 5 drops of methyl red solution. The indicator solution is prepared by 

dissolving 0. 1 gm B acto Methyl red in 300 m1 of 95 % alcohol and diluting to 500 m1 in 

distilled water. A positive reaction is indicated by a distinct red colour, showing the presence of 

acid. A negative reaction is indicated by a yellow colour. 

MacConkey Agar 

1 .  To 1 litre of distilled water, suspend the appropriate amount of medium and heat to 

boiling with gentle swirling to dissolve completely. 

2. Add 10 gm of lactose to Bacto MacConkey Agar Base and swirl the flask to dissolve 

completely. 

3 .  Sterilize b y  autoclaving for 15  minutes at 1 2 1  oc. 

4. Cool to 45-50 oc. 

5 .  Dispense i n  approximately 20 m1 amounts into sterile petri dishes. 

6.  Allow to cool and dry, store at +4 oc. 

M/15 Phosphate-Buffrered Saline pH 7.6 (PBS) 

1 .  Prepare solution A by dissolving 9.07 gm of Potassium Di-hydrogen Phosphate (KH2 

P04) in 1 litre of distilled water. 

2. Prepare solution B by dissolving 1 1 .87 gm of Disodium Hydrogen Phosphate (Na2 

HP04 2H20) in 1 litre of distilled water. 
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3 .  Mix 1 28 ml of solution A and 872 ml of solution B,  and add 9.0 gm of sodium chloride 

(NaCL). 

4. Autoclave for 15 minutes at 121 cc. Store at +4 cc. 

Pyrazinamidase Slopes 

(Kandolo and Wauters 1985) 

1 .  Prepare buffer solution by dissolving 2.37 gm of Tris-Maleate in 500 ml of distilled 

water. 

2.  Add the following materials: 

15 gm Tryptic Soy Agar (DIFCO) 

1 .5 gm Yeast Extract (DIFCO) 

0.5 gm Pyrazinecarboxamide (MERCK) 

3 .  Dissolve by boiling in buffer. 

4. Dispense 5 ml amounts into screw-capped polycarbonate tubes. 

5 .  Sterilise b y  autoclaving for 1 5  minutes at 1 2 1  cc 

6. Cool in a slanting position, and store at +4 cc. 

Simmons Citrate Agar 

1 .  To 1 litre distilled water, add 24.2 g m  B acto Simmons Citrate Agar. 

2 .  Heat to boiling t o  dissolve completely. 

3.  Mix thoroughly and dispense 3 ml amounts in  Bijoux bottles. 



4. Sterilize by autoclaving for 1 5  minutes at 1 21 oc_ 

5.  Cool in slanting position and store at +4 oc _ 

Triple Sugar Iron Agar (TSIA) 

1 .  To 1 litre of distilled water, add 65 .0 gm TSIA (DIFCO) and dissolve by heating. 

2. Dispense 6 rnl amounts into screw-capped polycarbonate tubes. 

3 .  Autoclave for 1 5  minutes at 1 21 oc_ 

4. Cool in a slanting position, and store at +4 oc_ 

Tryptone Water 

1 .  To 1 litre of distilled water, add 20 g m  Tryptone (DIFCO) and dissolve by gentle 

heating 

2. Dispense in 3 ml amounts into Bijoux bottles. 

3 .  Autoclave for 15 minutes at 1 21 °C, and store at +4 oc_ 

Urea Agar 

1bis medium comprises an agar base and a urea base. 

Agar Base 

1 .  To l litre of distilled water, add 1 5 .0 gm Bacto Agar (DIFCO), an d  dissolve by 
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heating. 

2.  Dispense into 200 ml bottles. 

3 .  Autoclave for 1 5  minutes at 1 2 1  oc. 

4.  Cool at 45-50 oc 

Urea base 

1 .  To 1 00 ml distilled water, add 29.0 gm B acto Urea Agar (DIFCO) and mix to 

dissolve. 

2. Filter sterilise and store at 4 °C. 
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To prepare the medium, add aseptically 20 ml of Bacto Urea Agar Base to 200 ml Agar Base. 

Mix thoroughly and dispense 3 ml amount into each sterile Bijoux bottle. Cool in a slanting 

position. Store at +4 °C. 



77 

REFERENCES 

ABER, R C; MCCARTHY, M A; BERMAN, R et al. (1982): An outbreak of Yersinia 

enterocolitica among members of a Brownie troop in Pennsylvania. Program and 
Abstracts of the Twenty-Second Interscience Conference on Antimicrobial Agents 
and Chemotherapy, Miami Beach, American Society for Microbiology. 

ADESIYUN, A A ;  AGBONLAHOR, D E; LOMBIN, L H and KWAGA, J K P (1986): 
Occurrence of virulence markers in species of Yersinia isolated from animals in 

Nigeria. Vet. Microbiol. 12:289-294. 

ADESIYUN, A A ;  KAMINJOLO, J S ;  LOREGNARD, R and KITSON-PIGGOT, W 
( 1 992) : Frequency of isolation of Yersinia enterocolitica from livestock in Trinidad. 
Vet. Rec. 131 : 5 1 6 .  

ADESIYUN, A A and KRISHNAN, C ( 1 995) : Occurrence of Yersinia enterocolitica 0:3,  
Listeria monocytogenes 0 :4 and thermophilic Campylobacter spp. in slaughter pigs 
and carcasses in Trinidad. Food Microbiol. 12:99- l 07. 

AGBONLAHOR, D E;  ODUGBEMI, T 0 and DOSUNMU-OGUNBI, 0 (1983):  
Isolation of species of Yersinia from patients with gastroenteritis in Nigeria. J. Med. 
Microbiol. 16:93-96. 

AHLQVIST, J; AHVONEN, P; RASANEN, J A and WALLGREN, G R ( 197 1) :Enteric 
infection with Yersinia enterocolitica. Large pyroninophilic cell reaction in mesenteric 

lymph nodes associated with early production of specific antibodies. Acta. Pathol. 
Microbiol. Scand. 79: 1 09.  

AHO, K;  AHVONEN, P; LASSUS A ;  SIEVERS, K AND TIILIKAINEN, A ( 1973):lll..

A antigen 27 and reactive arthritis. Lancet 11: 157. 

AHVONEN, P ( 1 972) : Human Yersiniosis in Finland. IT. Clinical features. Ann. Clin. Res. 
4:39-48. 

AHVONEN, P ( 1973) : Yersinia enterocolitica infection in Finland. Contrib. Microbiol. 
Immunol. Yersinia, Pasteurella and Francisella 2: 1 33-134. 

AHVONEN, P; THAL, E and VASENIUS H (1973): Occurrence of Yersinia enterocolitica 

in animals in Finland and Sweden. Contrib. Microbiol. lmmunol. Yersinia, 
Pasteurella and Francisella 2 : 1 35- 1 36. 

ALBERT, G and LAFLEUR L ( 1 97 1 ) :  Yersinia enterocolitica in children. Can. J. Pub. 
Health 62: 70-7 1 .  

ALDOVA, E ;  CERNA, J and JANECKOVA, M ( 1 975) : Yersinia enterocolitica and its 
demonstration in the toad. Ceskoslovenska Hygiena 8: 395-404. 

ALDOV A, E ;  BREZINOV A, A and S OBOTKOV A, J ( 1979): A finding of Yersinia 

enterocolitica in well water. Zentbl. Bakt. Microbiol. Hyg. 1. Org. B 169:265-270. 



78 

ALDOVA, E; SKORKOVSKY, B; KAPINUS, J; PEJTROVSKA, M and 
SONHKUPOVA, G (1980) :0n the ecology of Yersinia enterocolitica 0:3 .  Yersinia 

in synantropic animals. Zbl. Bakteriol. Hyg. A. 246: 344-352. 

ALEKSIC, S; BOCKEMUHL, J;  WUTHE, HH AND ALEKSIC, V (1988) : Occurrence 
and clinical importance of the pathogenic serogroup 0:5,27 of Yersinia enterocolitica 

in the Federal Republic of Germany. Zbl. Bakt. Hyg. A. 269: 1 97-204. 

ALEKSIC, S ;  STEIGERWALT, A G; BOCKEMUHL, J;  HUNTLEY-CARTER, G P  
and BRENNER, D J  ( 1987) : Yersinia rohdei sp. nov. isolated from human and dog 

faeces and surface water. Int. J. Syst. Bact. 37: 327-332. 

AMERATUNGA, R; LAMBERT T; DALY, D M AND CAUGHNEY, D E  ( 1987): 
Reactive arthritis caused by Yersinia enterocolitica. N.Z. Med. J. 100:725. 

AMIN, M K and DRAUGHON, F A (1 987): Growth characteristics of Yersinia 

enterocolitica in pasteurized skim milk. J. Food Protect. 50: 849-852. 

ANDERSEN, J K ( 1 988): Contamination of freshly slaughtered pig carcasses with human 
pathogenic Yersinia enterocolitica. Int. J. Food Microbiol. 7: 193-202. 

ANDERSEN, . J K and SAUNDERS, N A ( 1990) : Epidemiological typing of Yersinia 
enterocolitica by analysis of restriction fragment length polymorphisms with a cloned 
ribosomal RNA gene. J. Med. Microbiol. 32: 179- 1 87. 

ANDERSEN, J K;  SORENSEN, R and GLENSBJERG, M ( 1991) :  Aspects of the 
epidemiology of Yersinia enterocolitica: A review. Int. J. Food Microbiol 13:23 1 -
238.  

ANDERSON, J C ( 1974) : The response of the tonsils and associated lymph nodes of 
gnotobioticpiglets to the presence of bacterial antigen in the oral cavity. J. Anat. 
1 17: 1 9 1 - 198 .  

ANON. ( 1 975):Gastrointestinal illness-Montana Morbidity and Mortality Weekly Report 
(US Dept. of Health, Education and Welfare) 24: 141-142. 

ANON. ( 1 976): Yersinia enterocolitica gastroenteritis outbreak-Montreal. Canada Disease 
Weekly Report 2:41 -44. 

ANON. ( 1 987) : Yersinia enterocolitica. Detection in Food. Method 1 17.  Nordic Committee 
on Food Analysis, 2"d ed. Esbo, Finland. 

ANON. ( 1 990) : Yersinia enterocolitica 0:3 infections during holidays in black farnilies
Georgia Morbid.Mortal. Weekly Rep. 39: 8 19-821 . 

APPLEBAUM, J S; WILDING, G and MORSE, L J ( 1983) : Yersinia enterocolitica 

endocarditis. Arch. Intern. Med. 143:  2150-2 1 5 1 .  

ARDIUNO, M J ;  BLAND, L A; TIPPLE, M A;  AGUERO, S M ;  FAVER, M S  and 
JARVIS W R ( 1989) : Growth and endotoxin production of Yersinia enterocolitica 



79 

and Enterobacter agglomerans in packed erythrocytes. J. Clin. Microbiol. 27: 1483-
1489 . 

ARV ASTSON, B ;  DAMGAARD, K and WINBLAD, S (1979) : Clinical symptoms of 
infection with Yersinia enterocolitica. Scand. J. Infect. Dis. 3 :  37-40. 

ASAKAWA, Y; AKAHANE, S ;  SHIOZAWA, K and HONMA, T. ( 1979) : Investigations 

of source and route of Yersinia enterocolitica infection. Contr. Microbiol. Imrnunol. 
5: 1 15- 1 2 1 .  

ASPLUND, K.; TUOVINEN, V.; VEIJALAINEN, P. and HIRN, J .  ( 1990) : The 

prevalence of Yersinia enterocolitica 0:3 in Finnish pigs and pork. Acta. Vet. Scand. 
31 :  39-43. 

AULISIO, C C  G; MEHLMAN, I J and SANDERS, A C (1 980) :  Alkali method for rapid 
recovery of Yersinia enterocolitica and Yersinia pseudotuberculosis from foods. 
Appl. Environ. Microbiol. 39: 1 35-140. 

AULISIO, C C G; STANFIELD, J T; WEAGANT, S D and HILL, W E ( 1 983): 
Yersiniosis associated with tofu consumption: serological, biochemical and 

pathogenicity studies of Yersinia enterocolitica isolates. J. Food. Protect 46: 226-
230. 

BAKOUR, R; BALLIGAND, G; LAROCHE, Y; CORNELIS, G and WAUTERS, C 
( 1985) : A simple adult-mouse test for tissue invasiveness in Yersinia enterocolitica 

strains of low experimental virulence. J. Med. Microbiol. 19:237-246. 

BALLIGAND, G; LAROCHE, Y and CORNELIS, G. ( 1 985) : Genetic analysis of 
virulence from a serogrup 9 Yersinia enterocolitica strain: role of outer membrane 
protein P I  in resistance to human serum and autoagglutination. Infect. lmmun. 
48:782-786.  

BARRE, N; LOUZIS, C;  TREIGNIER, M and DUBOIS-DARNAUDPEYS, A (1977) : 
Mise en evidence de Yersinia pseudotuberculose dans des sols cultives. Compte 
Rendus Academie Science, Paris. 284:2297-2300. 

BASKIN, G B ;  MONTALI, J R; BUSH, M; QUAN, T J and SMITH, E ( 1977): 
Yersiniosis in captive exotic mammals. J. Am. Vet. Med. Assn. 171 :908-9 1 2. 

BEATSON, N S (1984): Yersiniosis - clinical aspects. Proc. N.Z. Vet. Assoc. Deer Branch 
Course 1 :  pp 43-45. 

BEATSON, N S and HUTTON, J M ( 198 1) :  An outbreak of Yersiniosis in farmed red deer. 

Proc. Deer Advisory Panel, N. Z. Vet Assoc. Deer Seminar, Queenstown: pp 1 36-
1 39. 

BELTON, D J  and MCSPORRAN, K D (1988): Yersiniosis in sheep and cattle. In Proc. 
18th Sem. Sheep & Cattle Soc. N. Z. Vet. Assoc., Lincoln, New Zealand: pp 78-8 1 .  

BERCOVIER, H ;  BRAULT, J ;  TREIGNIER, M;  ALONSO, J M and MOLLARET, H 
H ( 1 978) : Biochemical, serological and phagetyping characteristics of 459 Yersinia 
strains isolated from a terrestrial ecosystem. Curr. Microbiol. 1 :  353-357. 



80 

BERCOVIER, H and MOLLARET, H H ( 1984): Genus XIV. Yersinia Van Loghem 1 944, 
15 .  In Bergeys' Manual of Systematic Bacteriology, Ed. Kreig, N R, Baltimore: 
Williams and Wilkins: pp 498-596. 

BERGSTRAND, C C and WINBLAD, S ( 1974) : Clinical manifestation of infection with 
Yersinia enterocolitica in children. Acta Paediatrica Scandinavica 63: 875-877. 

BISSET, M L ( 1 976) : Yersinia enterocolitica isolates from humans in California, 1968- 1975.  
J. Clin. Microbiol. 4: 1 37- 144. 

BISSET, M L ( 1979):Yersiniosis in California. In Contrib. Microbiol. lmmunol. 5: 159- 1 6 8 .  

BISSET, M L ( 1 9 8 1 ) :  Microbiological aspects of Yersinia pseudotuberculosis. I n  Yersinia 
enterocolitica. Ed. Bottome, E J, Boca Raton Fla. CRC Press: pp 3 1 -40. 

BISSET, M L; POWERS, C; ABBOT, S L and JANDA, J M (1990) : Epidemiologic 
investigations of Yersinia enterocolitica and related species: Sources, frequency and 
serogroup distribution. J. Clin. Microbiol. 28: 9 1 0-9 1 2. 

BLACK, R E; JACKSON, R J ;  TSAI, T; MEDVESKY, M; SHAYEGANI, M; 
FEELEY, J 
C; MACLEOD, K I E and WAKELEE, A M ( 1978): Epidemic Yersinia 

enterocolitica infection due to contaminated chocolate milk. N. Engl. J. Med. 298: 
76-79. 

BLACK, R E and SLOME, S ( 1 988) : Yersinia enterocolitica. Infect. Dis. Clin. N. Am. 
2:625-64 1 .  

BLUMBERG, H M; KIELBA UCH, J A and WACHSMUTH, I K ( 1991) :  Molecular 
epidemiology of Yersinia enterocolitica infection: use of chromosomal DNA 
restriction fragment length polymorphism of rRNA genes. J. Clin. Microbiol. 
29:2368-3474. 

B OCKEMUHL, J; SCHMITT, H; ROTH, J and SAUPE, E ( 1979) : Season-related 
incidence 
of Yersinia enterocolitica in faecal material of healthy slaughterhouse pigs. Zbl. Bakt. 
Hyg. 1 Abt. Orig. A. 244: 494-505. 

BORCH, E; NESBAKKEN, T and CHRISTENSEN, H ( 1996) : Hazard identification in 
swine slaughter with respect to foodbome bacteria. lot. J. Food. Microbiol. 30:9-25. 

BOSI, E ( 1 992) : Public health aspects of Yersinia pseudotuberculosis in venison. Thesis (M. 
Phil.) Massey University: pp 158.  

BOTTONE, E J ( 1977) : Yersinia enterocolitica. A panoramic view of a charismatic 
microorganism. CRC Crit. Rev. Microbiol. 5: 21 1 -241 .  

BOTTONE, E J (1981) :  Yersinia enterocolitica: An approach to laboratory identification with 
reference to deoxyribonucleic acid hybridisation groups and biochemical 
characteristics. In Yersinia enterocolitica, Bottone, E J, Ed. Boca Raton, Fla. CRC 

Press: pp 17-29. 



8 1  

BOTTONE, E J ( 1983): Current trends of Yersinia enterocolitica isolates in New York City 

area. J. Clin. Microbiol. 17:63-67. 

BOTTONE, E J;  GULLANS, C R and SIERRA, M F ( 1987): Disease spectrum of 

Yersinia enterocolitica serogroup 0:3,  the predominant cause of human infection in 
New York City. Contrib. Microbiol. Immunol. 9:56-60. 

BOTZLER, R G; WETZLER, F T; COW AN, A B  and QUAN, T J ( 1976) : Yersiniae jn 
pond water and snails. J. Wild. Dis. 12:492-496. 

BRADLEY, J M and SKINNER, J I ( 1 974) : Isolation of Yersinia pseudotuberculosis 
serotype V from the blood of a patient with sickle-cell anaemia. J. Med. Microbiol. 

7:382-3 86.  

BRENNER, D J; BERCOVIER, H;  URSING, J; ALONSO, J M; STEIGERWALT, A 
G ;  FANNING, G R; CARTER, G P and MOLLARET, H H (1 980) :  Yersinia 

intermedia: A new species of Enterobacteriaceae composed of rharnsnose-positive, 

melibiose-positive, raffinose-positive strains. Curr. Microbiol. 4: 207-2 1 2. 

BREWER, R A and CORBEL, M J ( 1983): Characterisation of Yersinia entrocolitica 
strains isolated from cattle, sheep and pigs in the United Kingdom. J. Hyg. 90:425-

433. 

BRYANT, R G ( 1 983) : Food microbiology update. Emerging foodborne pathogens. Appl. 
Biochem. Biotechnol. 8: 437-454. 

BUDDLE, B M; HERCEG, M; RALSTON, M J; PULFORD, H D; MILLAR, K R and 
ELLIOT, D C  ( 1 988): A goat mortality study in the southern North Island. N. Z. Vet. 
J. 36: 1 67- 1 70. 

BULLIANS, J A (1987): Yersinia speciesinfections of lambs and cull cows at an abattoir. N. 
Z. Vet. J. 35: 65-67. 

BULTE, M; KLEIN, G and REUTER, R ( 1 992): Pig slaughter: Is the meat contaminated 

with Yersinia enterocolitica strains pathogenic to man. Fleischwirtsch. 72: 1 267- 1 270. 

BURROWS, T W and GILLETT, W A ( 1966): The nutritional requirements of some 

Pasteurella species. J. Gen. Microbiol. 45:333-345. 

CANTON!, C ;  D'AUBERT, S ;  BUOGO, A and GUIZZARDI, F ( 1 979) : Yersinia 

enterocolitica nelli feci di suino. Arch. Vet. Ital. 30: 1 34- 1 36. 

CARTER, P B (1975): Pathogenicity of Yersinia enterocolitica for mice. Infect. Immun. 
1 1 : 1 64- 1 70. 

CARTER, P B (198 1 ) :  Human Yersinia enterocolitica infection: Laboratory models. In 
Yersinia enterocolitica, Bottone, E J, Ed. Boca Raton, Fla. CRC Press: pp. 74-79. 

CAPRIOLI, T ;  DRAPEAU, A J and KASATIYA, S ( 1 978):Yersinia enterocolitica : 
Serotypes and biotypes isolated from humans and the environment in Quebec, Canada. 

J. Clin. Micro bioi. 8:7- 1 1 .  



82 

CHIESA, C and BOTTONE, E J (1983) :  Serum resistance of Yersinia enterocolitica 
expressed in the absence of other virulence markers. Infect Immun. 39:469-4 72. 

CHIESA, C; PACIFICO, L; CINFRANO, V and MIDULLA, M ( 1987) : Italian 

experience with Yersiniosis (1978-1 985). Contrib. Microbiol. Immunol. Basel, 

Karger. 9: 76-88. 

CHIESA, C; PACIFICO, L;  GUIYOULE, A; RA VAGNAN, G and MOLLARET, H H 

( 199 1 a) : Phenotypic characterisation and virulence of 0:8 Yersinia strains isolated in 
Europe. Contrib. Microbiol. Immunol. Basel, Karger. 12: 1 82- 1 9 1 .  

CHIESA, C; PACIFICO, L and RAVAGNAN, G ( 1 99 l b):  Isolation of Yersinia 
enterocolitica serogroup 0:8 biogroup l B .  J. Clin. Microbiol. 29: 2680. 

CHIESA, C; PACIFICO, L and RA VAGNAN, G ( 1993) :  Identification of pathogenic 

serotypes of Yersinia enterocolitica. Letters to the Editor. J. Clin. Microbiol. 31 : 
2248-2250. 

CHRISTENSEN, S G ( 1 980): The Yersinia enterocolitica situation in Danish pigs. J. Appl. 

Bacteriol. 48: 377-382. 

CHRISTENSEN, S G ( 1987): The Yersinia enterocolitica situation in Denmark Contrib. 

Microbiol. lmmun. Basel, Karger. 2: 99-101 . 

CHRISTENSEN, H and LUTHJE, H (1994):Reduced spread of pathogens as a result of 

changed pluck removal technique. Proc. 401h Int Cong. Meat Sci. Technol. Hague, 

Holland, S-Ill. 06. 

CORNELIS, G ;  LAROCHE, Y; BALLIGAND, G ;  SORY, M P  and WAUTERS, G 

( 1987) : Yersinia enterocolitica, a primary model for bacterial invasiveness. Rev. 

Infect Dis. 9: 64-87. 

COVER, T L and ABER, R C  ( 1989) : Yersinia enterocolitica. N. Engl. J. Med. 321: 1 6-

24. 

DABERNAT, H J; BAURIAUD, R; LEMOZY, J ;  LEFEVRE, J C and LARENG, M B 

( 1 979). Yersinia enterocolitica fermenting rhamnose. About 15 strains isolated in 
children. In Contrib. Microbiol. Immunol. 5:270-276. 

DEVENISH, J A and SCHIEMANN, D A ( 1 9 8 1 ) :  HeLa cell infection by Yersinia 
enterocolitica: Evidence for each of intracellular multiplication and development of a 

new procedure for quantitative expression of immunity. Infect Immun. 32:48-55. 

DAVEY, G M; BRUCE, J and DRYSDALE, E M ( 1 983) :  Isolation of Yersinia 
enterocolitica from the faeces of cows. J. Appl. Bacteriol. 55: 439-443. 

DANIELS, J J H ( 1 962):Enteric infections with Pasteurella pseudotuberculosis. An acute 
abdominal syndrome. J. lot. Coli. Surg. 38: 397-41 1 .  

De ALLIE, C (1994): The tonsillar carriage of Yersinia species b y  pigs. Thesis (M. Phil) 
Massey University. 



83 

De BARCELLOS, D E S N and de CASTRO, A F P ( 198 1 ) :  Isolation of Yersinia 

pseudotuberculosis from diarhoea in pigs. Brit. Vet J. 137: 95-96.  

De BOER, E and NOUWS, J F M  ( 1 991) :  Slaughter pigs and pork as a source of human 

pathogenic Yersinia enterocolitica. lnt j. Food. Microbiol. 12: 375-378. 

De BOER, E; SELDAM, W M and OOSTEROM, J ( 1 986) :  Characterisation of Yersinia 
enterocolitica and related species isolated from foods and porcine tonsils in the 

Netherlands. lnt. J. Food Microbiol. 4: 2 1 7-224. 

De GROOTE, G; VANDEPITTE, J and WAUTERS, G (1982) :  Surveillance of human 

Yersin ia enterocolitica infections in Belgium: 1963-1978 J. Infec.: pp 1 89- 197. 

DELORME, J.; LAVERDIERG, M; MARTINEAU, B and LAFLEUR, L ( 1 974) : 

Yersiniosis in children. Can. Med Assoc. J. 1 10: 28 1 -284. 

DICKINSON, A B and MOCQUOT, G (196 1 ) :  Studies on the alimentary tract of pigs. 

Enterobacteriaceae and other Gram-negative bacteria. J. Appl. Bacteriol. 24: 252. 

DOYLE, M P  ( 1985): Food-borne pathogens of recent concern. Ann . Rev. Nutr. 5:25-4 1 .  

DOYLE, M P ( 1 990) : Pathogenic Escherichia coli, Yersinia enterocolitica and Vibrio 
parahemolyticus. Lancet 336: 1 1 1 - 1 15 .  

DOYLE, M P; HUGDAHL, M B and TAYLOR, S L (198 1 ) :  Isolation of virulent Yersinia 
enterocolitica from porcine tongues. Appl. Environ. Microbiol. 42 : 661 -666. 

EDEN, K V; ROSENBERG, M L; WOOD, B;  HIGHSMITH, A K; SKALLY, P; 

WELLS, J and FEELEY, J C (1977) : Waterbome gastroenteritis at a ski resort 

associated with the isolation of Yersinia enterocolitica. Public Health Report 2:245-

250. 

EISS, J ( 1 975) :  Selective culturing of Yersinia enterocolitica at low temperature. Scan. J. 
I nfect Dis. 7:249-25 1 .  

ERWERTH, W and NATTERMAN, H (1987): Histopathologische untersuchugen bei der 
experimentellen oralen Yersinia enterocolitica infektion des jungschweines. Monatsh 

vet. 42: 3 19-324. 

ESSEVELDE, H and GOUDZWAARD, C ( 1 973): On the epidemiology of Yersinia 
enterocolitica infections: Pigs as a source of infections in man. In Winblad, S, ed. 

Yersinia, Pasteurella and Francisella. Contrib. Microbiol. Irnmunol. Base!, Karger. 

Vol. 2:99-101 . 

FAGHRI, M A; PENNINGTON, C L;  CRONHOLM, L B and ATLAS, R M ( 1 984) : 

B acteria associated with crabs from cold waters with emphasis on the occurrence of 

potential human pathogens. Appl. Environ. Microbiol. 47: 1054- 106 1 .  

FAIN BINDA, J C ;  COMBA, E; CAFFER, M I ;  RAFFO, L and ANANOS, N ( 1 992): 

First isolation of Yersinia pseudotuberculosis Ill in pigs in Argentina. Vet. Arg. IX, 

86:382-384. 



84 

FALCAO, D P ( 198 1 ) :  Presence of Yersinia enterocolitica and Yersinia pseudotuberculosis 
in Latin America. Rev. Microbiol. 12: 5- 10. 

FALCAO, D P ( 1 9 87): Yersiniosis in Brazil. Contr. Microbiol. Basel, Karger. 9: 68-75 . 

FALCAO, D P; EWING, W H and DOWELL, V R (1979) : Cultural characteristics of 

Yersinia enterocolitica and Yersinia pseudotuberculosis on different media. Contrib. 

Microbiol. lmmunol. Basel, Karger. 5: 88-94. 

FANTASIA, M; MINGRONE, M G; CROTTI, D and BOSCATO, C (1985) : Isolation of 

Yersinia enterocolitica biotype 4 serotype 03 from canine sources in Italy. J. Clin. 

Microbiol. 22:3 14-3 1 5 .  

FANTASIA, M ;  MINGRONE, M G; MARTINI, A; BOSCA TO, U and CROTTI, D 

( 1993) : Characterisation of Yersinia species isolated from the keilllel and from cattle 
and pig farms. Vet. Rec. 132 : 5 32-534 . 

FARMER, J J Ill; CARTER, G P; MILLER, V L ;  FALKOW, S and WACHSMUTH, I 

K ( 1992) :  Pyrazinarnidase, CR-MOX agar, salicin fermentation-esculin hydrolysis, D

xylose fermentation for identifying pathogenic serotypes of Yersinia enterocolitica. J. 
Clin. Microbiol. 30: 2589-2594. 

FENG, P; KEASLER, S P and HILL, W E (1 992): Direct identification of Yersinia 
enterocolitica in blood by polymerase chain reaction amplification. Transfusion 32: 
850-854. 

FEELEY, J C; LEE, W H and MORRIS, G K (1976) : Yersinia enterocolitica. In 
Recommended Methods for Examination of Foods. Speck, M L Ed. Washington, 

D.C. Am. Pub. Health Assn. 35 1-357. 

FENWICK, S G and MURRAY, A ( 1991 ) :  Detection of pathogenic Yersinia enterocolitica 
by polymerase chain reaction. Lancet 337: 496-497. 

FENWICK, S G; MADIE, P and WILKS, C R ( 1994): Duration of carriage and 
transmission of Yersinia enterocolitica biotype 4 serotype 0:3 in dogs. Epidemiol. 

Infect. 1 13:47 1 -477. 

FENWICK, S G and MCCARTHY, M D  ( l995) :Yersinia enterocolitica is a common cause 
of gastroenteritis in Auckland. N.Z. Med. J. 108: 269-27 1 .  

FENWICK, S G ( 1996):Foodborne pathogens and the role of animal sources. Proc. Cattle 

Sessions. 2nd Pan Pacific Veterinary Conference Christchurch, N.Z. Publication 

No. 171. Vet. Cont. Educ. 

FENWICK, S G ;  W AUTERS, G ;  URSING, J and GWODZ, M (1996) : Unusual Yersinia 
enterocolitica strains recovered from domestic animals and people in New Zealand. 
FEMS Immunol. Med. Microbiol. 16:241-245. 

FRANCIS, D W ;  SPAULDING, P L and LOVETT, J ( 1980) : Enterotoxin production and 
thermal resistance of Yersinia enterocolitica in milk. Appl. Environ. Microbiol. 

40: 1 74-1 76. 



85 

FREY, B ( 1997) : Personal communications. 

FUKUSHIMA, H ;  ITO, Y; SAITO, K; TSUBOKURA, M and OTSUI, K (1979) : Role of 
the fly in the transport of Yersinia enterocolitica. Appl. Environ. Microbiol. 38: 
1003- 1 0 1 0. 

FUKUSHIMA, H; NAKAMURA, R; ITO, Y; SAITO, K; TSUBOKURA, M and 

OTSUKI, K (1983) :  Ecological studies of Yersinia enterocolitica in pigs. I .  
Dissemination of Y. enterocolitica in pigs. Vet. Microbiol. 8: 469-483. 

FUKUSHIMA, H; NAKAMURA, R; ITO, Y and SAITO, K ( 1984a): Ecological studies of 

Yersinia enterocolitica 11. Experimental infection with Y. enterocolitica in pigs. Vet. 

Microbiol. 9: 375-389. 

FUKUSHIMA, H; SAITO, K; TSUBOKURA, M; OTSUKI, K and KA WAOKA, Y 

(1984b) :  Significance of milk as a possible source of infection for human yersiniosis. I. 

Incidence of Yersinia organisms in raw milk in Shimane Prefecture, Japan. Vet 

Microbiol. 9: 1 39- 146. 

FUKUSHIMA, H (1 985) : Direct isolation of Yersinia enterocolitica and Yersinia 
pseudotuberculosis from meats . Appl. Environ. Microbiol. 50:710-7 1 2. 

FUKUSHIMA, H and TSUBOKURA, M ( 1 985) : Yersinia enterocolitica biotype 3B 
serotype 0:3 phage type 11 in infection in pigs. J pn. J. Vet. Sci. 47: I 01 1- 1015 .  

FUKUSHIMA, H;  HOSHINA, K; NAKAMURA, R;  ITO, Y and GOMYODA, M 

( 1987):  Epidemiological study of Yersinia enterocolitica and Yersinia 
pseudotuberculosis in Shimane prefecture, Japan. Contr. Microbiol. Immunol. 

Basel, Karger. 9: 1 03-1 10. 

FUKUSHIMA, H; MARUYAMA, K; OMORI, K and IORIHARA, M ( 1989) : Role of the 
contaminated skin of pigs in faecal Yersinia contamination of pig carcasses at 

slaughter. Fleischwirtsch 69: 369-372. 

FUKUSlllMA, H; MARUY AMA, K; OMORI, K, ITO, K and IORIHARA, M ( 1 990): 

Contamination of pigs with Yersinia at the slaughterhouse. Fleischwirtsch 7: 50-52. 

FUKUSIDMA, H; GOMYODA, M; ALEKSIC, S and TSUBOKURA, M ( 1 993): 
Differentiation of Yersinia enterocolitica serotype 0:5,27 strains by phenotypic and 
molecular techniques. J. Clin. Microbiol. 31: 1 672- 1 674. 

GALLANT, T; FREEDMAN, M H; VELLEND, H and FANCOMBE, W H ( 1986): 

Yersinia sepsis in patients with iron overload treated with deforoxarnine. N. Engl. J. 
Med. 314: 1 643. 

GEMSKI, P; LAZERE, J R and CASEY, T ( 1980): Plasmid associated with pathogenicity 
and calcium dependency of Yersinia enterocolitica. Infect. Immun. 27: 682-685. 

GILMOUR, S and WALKER, J ( 1988) :  Isolation and identification of Yersinia 
enterocolitica and the Yersinia enterocolitica-Iike bacteria J. Appl. Bacteriol. 

Symposium Supple.: 2 1 35-2365. 



86 

GRAU, F M  ( 1 986) :  Microbial ecology of meat and poultry. In Advances in Meat Research, 
Vol. 2 pp 1 -47. 

GREENWOOD, J R; FLANAGAN, S M; PICKETT, M J and MARTIN, W J ( 1 975): 

Clinical isolation of Yersinia enterocolitica: cold temperature enrichment. J. Clin. 
Microbiol. 2:559-560. 

GREENWOOD, M H and HOOPER, W L ( 1985) :  Yersinia spp. in foods and related 

environments. Food Microbiol. 2: 263-269. 

GREENWOOD, M H and HOOPER, W L ( 1 990) : Excretion of Yersinia spp. associated 

with the consumption of pasteurized milk. Epidemiol. Infect. 104: 345-350. 

GREENWOOD, M H ( 1 995) : Human carriage of Yersinia species and incidence in foods. In 
Contrib. Microbiol. Immunol. 13:74-76. 

GUTMAN, L T; OTTESEN, E A; QUAN, T J; NOCE, P S  and KATZ, S L ( 1 973) : An 

inter-familial outbreak of Yersinia enterocolitica enteritis. N. Engl. J. Med. 28B: 

1 372-1 377. 

HALLSTROM, K A and PALTEMAA, S ( 1973) : A precipitatJ.On arc in 

immunoelectrophoresis specific to Yersinia pseudotuberculosis serotype 2. Contrib. 
Microbiol. Immunol. 2: 190- 195. 

HAMMERBERG, S; SORGER, S and MARKS, M I ( 1977) : Antimicrobial susceptibilities 

of Yersinia enterocolitica biotype 4, serotype 3. Antimicrob. Agents. Chemother. 
11 :566. 

HANNA, M 0; ZINK, D L; CARPENTER, Z L and V ANDERZANT, C ( 1 976): Yersinia 
enterocolitica-like organisms from vacuum-packaged beef and lamb. J. Food Sci. 
41 : 1 254- 1 256. 

HANNA, M 0; STEW ART, J C;  CARPENTER, Z L and V ANDERZANT, C ( 1 977): 

Heat resistance of Yersinia enterocolitica in skim milk. J. Food Sci. 42: 1 1 34-1 1 36. 

HANNA, M 0; STEW ART, J C;  ZINK, D L; CARPENTER, Z L and V ANDERZANT, 
C ( 1 977) : Development of Yersinia enterocolitica on raw and cooked beef and pork at 

different temperatures. J. Food Sci. 42: 1 1 80- 1 1 84. 

HANNA, M 0; STEW ART, J C; CARPENTER, Z L; ZINK, DL and VANDERZANT 
C ( 1 979) : Isolation and characteristics of Yersinia enterocolitica-like bacteria from 

meats. Contrib. Microbiol. Immunol. 5:234-242. 

HANNA, M 0; SMITH, G C; HALL, L C; VANDERZANT, C and CHILDERS, A B  Jr 
( 1980): Isolation of Yersinia enterocolitica from pig tonsils. J. Food Prot. 43: 23-25 . 

HARMON, M C; SWAMINATHAN, B and FORREST, J C (1984): Isolation of Yersinia 
enterocolitica and related species from porcine samples obtained from abattoir. J. 
Appl. Bacteriol. 56: 421-427. 

HARTLEY, W J and KATER, J C (1964):Perinatal disease conditions of sheep in New 

Zealand. N.Z. Vet. J. 12: 49-57. 



87 

HARVEY, S ;  GREENWOOD, J R; PICKETT, M J and MAH, R A  ( 1976) : Recovery of 

Yersinia enterocolitica from streams and lakes of California. Appl. Environ. 
Microbiol. 32:352-354. 

HEAD, C B ;  WHITTY, D A and RATNAM, S ( 1982) : Comparative study of selective 

media for recovery of Yersinia enterocolitica. J. Clin. Micro bioi. 16: 61 5-62 1 .  

HENDERSON, T G ( 1984) : Isolation of Yersinia species from feral and farmed deer faeces. 

N.Z. Vet. J. 32 : 88-90. 

HENSHALL, T C ( 1963) : Pasteurella pseudotuberculosis mesenteric adenitis. N.Z. Med. J. 

62 : 462-464. 

HIGHSMITH, A K; FEELEY, J C; SKALIY, P; WELLS, J C and WOOD, B T ( 1977): 

Isolation of Yersinia enterocolitica from well water and growth in distilled water. 

Appl. Environ. Microbiol. 34:745-750. 

HILL, W E; PAYNE, W L and AULISIO, C C  G ( 1983) :Detection and enumeration of 

virulent Yersinia enterocolitica in food by DNA colony hybridization. Appl. Environ. 
Microbiol. 46:636-64 1 .  

HIROSHI, Z ( 1981 ) :  Epidemiological aspects of Yersiniosis in Japan. In Bottone, E J ed. 

Yersinia enterocolitica. Boca Raton, Fla. CRC Press: pp 205-216. 

HODGES, R T; CARMAN, M G and MORTIMER, W J (1984) : Serotypes of Yersinia 
pseudotuberculosis recovered from domestic livestock. N.Z. Vet J. pp 1 1 - 1 3 . 

HO, H F and KOH, B L (198 1 ) :  Isolation of Yersinia enterocolitica from healthy carrier 

pigs. Sing. Vet. J. 5: 19-23. 

HORSTEIN, M J;  JUPEAU, A M;  SCAVIZZI, M R; PIDLIPPON, A M and GRIMON, 
PA ( 1985): In vitro susceptibilities of 1 26 clinical isolates of Y. enterocolitica to 2 1  

beta-lactam antibiotics. Antimicrob. Agents Chemother. 27: 806-8 1 1 . 

HUBBERT, W T ( 1972): Yersiniosis in mammals and birds in the United States. Case reports 

and review. Am. J. Trop. Med. Hyg. 21 : 458-463. 

HUDSON, J A; MOTT, S J;  DELACY, K M  and EDRIDGE, A E ( 1992) : Incidence and 

coincidence of Listeria spp. motile aeromonads and Yersinia enterocolitica on ready

to-eat flesh foods. Int. J. Food. Microbiol. 16: 99- 1 08.  

HUGHES, D ( 1979) : Isolation of Yersinia enterocolitica from milk and dairy farm in 
Australia. J. Appl. Bacteriol. 46: 1 25- 1 30. 

HUNTER, D; HUGHES, S and FOX, E ( 1983) :  Isolation of Yersinia enterocolitica from 

pigs in the United Kingdom. Vet. Rec. 112: 322-323. 

HURVELL, B ( 1 9 8 1 ) :  Zoonotic Yersinia enterocolitica infection: Host range, clinical 

manifestations, and transmission between animals and man. In: Bottone, E J ed. 

Yersinia enterocolitica, CRC Press Inc., Boca Raton, Fla.: 145-159. 



88 

IBRAHIM, A ;  LIESACK, W and STACKEBRANDT, E ( 1 992): Polymerase chain 

reaction-gene probe detection system specific for pathogenic strains of Yersinia 
enterocolitica. J. Clin. Microbiol. 30: 1 942- 1 947. · 

ICHINOHE, H; YOSHIOKA, M; FUKUSHIMA, H; KANEKO, S and MARUY AMA, 

T ( 1 99 1 ) :First isolation of Yersinia enterocolitica serotype 0:8 in Japan. J. Clin. 

Microbiol 29: 846 - 847.  

I KHELOA, J 0; ARUNA, M B and AUPADE, G 0 ( 1 992) : Biotypes and sensitivity 

screening of Yersinia enterocolitica as an infective agent in man and swine in Nigeria. 

Revue Elev. Med. Vet Paystrop. 45: 1 35- 1 37.  

I NOUE M and KUROSE M ( 1 975):1solation of Yersinia enterocolitica from cows intestinal 

contents and beef. Jpn. J. Vet Sci.37:9 1 -93. 

INOUE, M ;  NAKASHIMA, H; UEBA, 0; IS ID A, T; DATE, H; KOBASHI, S;  

TAKAGI, K, NISHU, T and TSOBOKURA, M ( 1984):Community outbreak of 

Yersinia pseudotuberculosis. Microbiol. lmmunol. 28: 8 83-89 1 .  

INOUE, M ;  NAKASHIMA, H; ISHIDA, T and TSUBOKURA, M ( 1 988) :  Three 

outbreaks of Yersinia pseudotuberculosis infection. Zentral. Bakt Hyg. [B) 186:504-

5 1 1 . 

JACOBS, J; JAMAER, D; VANDEVEN, J; WAUTERS, M; VERMYLEN, C and 

VANDEPITTE, J ( 1989) : Yersinia enterocolitica in donor blood: A case report and 

review. J. Clin. Microbiol. 27: 5.  

JANSEN, G P and SAARI, T N ( 1 977) : Waterborne Yersinia enrerocolitica in Wisconsin. 

Abstracts of the Annual Meetings of American Society of Microbiology. 77:272. 

JENSEN, K T; ARPI, M and FREDERICKSEN, W ( 1 995) : Yersinia enterocolitica 
septicemia in Denmark 1 972- 1 99 1 .  A report of 1 00  cases. In Contrib. Microbiol. 

Immunol. 13: 1 1 - 15 .  

JONES, D M ( 1 980) : Scientific Report: Zoological Society-Bacterial infections. J. Zool. 

190:489. 

JONES, T 0; MAIR, N S and FOX, E ( 1982) :  Caprine mastitis associated with Yersinia 
pseudotuberculosis infection. Vet. Rec. 1 10: 23 1 .  

JONES, J G and BRUNS, B J ( 1 987) : Reactive arthritis and Yersinia infection. N.Z. Med. 

J. 100: 505. 

JONES, B L; SAW, M H; HANSON, M F; MACKIE, M J;  SCOTT, J and MURPHY, 

W G ( 1 993):  Yersinia enterocolitica septicaemia from transfusion of red cell 

concentrate stored for 1 6  days. J. Clin. Pathol. 46: 477-478. 

KANAZAWA, Y and KURAMATA, T ( 1974) : Difference in susceptibility to 

benzylpenicillin between Yersinia enterocolitica and Yersinia pseudotuberculosis. 

Jpn. J. Microbiol. 28:483-484. 



89 

KANAZA WA, Y and IKEMURA, K ( 1979): Isolation of Yersinia enterocolitica and 
Yersinia pseudotuberculosis from human specimens and their drug resistance in the 

Niagata District of Japan. Contrib. Microbiol. Immunol. 5: 1 06- 1 14. 

KANDOLO, K and WAUTERS, G ( 1985) : Pyrazinarnidase activity in Yersinia 
enterocolitica and related organisms. J. Clin. Microbiol. 21: 980-982. 

KANEKO, K I; HAMADA, S; KASAI, Y and KATO, E (1978) Occurrence of Yersinia 
enterocolitica in house rats. Appl. Environ. Microbiol. 36: 3 14-3 1 8 . 

KANEKO, K and HASHIMOTO, N (198 1) :  Occurrence of Yersinia enterocolitica in wild 

animals. Appl. Environ. Microbiol. 41:635-638 .  

KAPPERUD, G ( 1 975) : Yersinia enterocolitica in small rodents from Norway, Sweden and 

Finland. Acta. Path. Microbiol. Scand. B. 83: 335-342. 

KAPPERUD, G ( 1 977) : Yersinia enterocolitica and Yersinia-like microbes isolated from 

mammals and water in Norway and Denmark. Acta. Path. Microbiol. Scand. B. 85: 
1 29- 1 35 .  

KAPPERUD, G ( 1 9 8 1 ) :  Survey on the reservoirs of Yersinia enterocolitica and Yersinia 
enterocolitica-like bacteria in Scandinavia. Acta. Path. Microbiol. Scand. Sect. B.  

89:  29-35. 

KAPPERUD, G and ROSEF, 0 ( 1 983) :  Avian wildlife reservoir of Campylobacrter fetus 
subsp. jejuni, Yersinia spp. and Salmonella spp. in Norway. Appl. Environ. 

Microbiol. 45:375-380. 

KAPPERUD, G and BERGAN, T (1984) : Biochemical and serological characterisation of 

Yersinia enterocolitica. In Methods in Microbiology, Bergan, T. Ed. 15:295-344. 

KAPPERUD, G ( 1 986) :  Human and animal infections due to Yersinia enterocolitica and 

Yersinia pseudotuberculosis in Norway. Report prepared for W.H.O. Nor. Coli. Vet. 

Med., Oslo: 32. 

KAPPERUD, G ( 1 99 1) :  Yersinia enterocolitica in food hygiene. Int. J. Food. Microbiol. 12: 

53-66. 

KAPPERUD, G; DOMMARSNES, K. SKURNIK, M and HORNES, E ( 1990b) : A 

synthetic oligonucleotide probe and a cloned polynucleotide probe based on the Yop A 

gene for detection and enumeration of virulent Yersinia enterocolitica. Appl. 

Environ. Microbiol. 56: 1 7-23. 

KAPPERUD, G; NESBAKKEN, T; ALEKSIC, S and MOLLARET, H H ( 1990): 

Comparison of restriction endonuclease analysis and phenotypic typing methods for 
differentation of Yersinia enterocolitica isolates. J. Clin. Microbiol. Scand. 28: 1 1 25-
1 1 3 1 .  

KAY, B A; WACHSMUTH, K and GEMSKI, P ( 1982) :  New virulence-associated plasmid 

in Yersinia enterocolitica. J. Clin. Microbiol. l5: 1 16 1- 1 163. 



90 

KAY, B A; WACHSMUTH, K; GEMSKI, P; FEELEY, J C; QUAN, T J and 

BRENNER, D J ( 1 983): Virulence and phenotypic characterisation of Yersinia 
enterocolitica isolated from humans in the United States. J. Clin. Microbiol. 17: 1 28-

1 38.  

KEET, E E ( 1974) : Yersinia enterocolitica septicemia: source of infection and incubation 

period identified. N.Y. State, J. Med. 74: 2226-2230. 

KEYMER, I F ( 1976) : Scientific Report: Zoological Society- Bacterial infections. J. Zool. 

178:460. 

KOTULA, A W and SHARAR, A K ( 1993) : Presence of Yersinia enterocolitica serotype 

0:5,27 in slaughter pigs. J. Food Protect. 56: 2 1 5-21 8. 

KWAGA, J and IVERSEN, J 0 ( 1 993) : Isolation of Yersinia enterocolitica (0;5 ,27, biotype 

2) from a common Garter snake. J. Wildlife Dis. 29: 127-1 29. 

KWAGA, J; IVERSEN, J 0 and MISRA, V ( 1992) : Detection of pathogenic Yersinia 
enterocolitica by polymerase chain reaction and digoxigenin-labelled polynucleotide 

probes. J. Clin. Microbiol. 30: 2668-2673. 

KWAGA, J;  IVERSEN, J 0 and SAUNDERS, J R ( 1990): Comparison of two enrichment 

protocols for the detection of Yersinia in slaughtered pigs and pork products. J. Food 

Prot. 53: 1047- 1 049. 

LAIRD, W J and CAVANAUGH, D C ( 1980) : Correlation of autoagglutination and 

virulence of yersiniae. J. Clin. Microbiol. 11 : 430-432. 

LAFLEUR, L; MARTINEU, B and CHICOINE L ( 1972): Yersinia enterocolitica. Union 

Medicale de Canada. 101 :2407-2414. 

LANADA, E B ( 1990) : The epidemiology of Yersinia infections in goat flocks. Thesis (M. 

Phil.) Massey University: p 236. 

LANGFORD, E V ( 1 972) : Pasteurella pseudotuberculosis infections in Western Canada. 

Can. Vet. J. 13: 85-87. 

LANGELAND, G ( 1 983) :  Yersinia enterocolitica and Yersinia enterocolitica-like bacteria in 
drinking water and sewage sludge. Acta. Path. Microbiol. Immunol. Scand. Sect. B 

91 : 1 79-185.  

LASSEN, J ( 1 972) : Yersinia enterocolitica in drinking water. Scand. J. Infect. Dis. 4: 1 25-

1 27. 

LASSEN, J ( 1 975): Rapid identification of gram-negative rods using a three-tube method 

combined with a dichotomic key. Acta. Path. Microbiol. Immunol. Scand. Sect. B 

83: 525-533.  

LEE, W H ( 1 977) : An assessment of Yersinia enterocoliticaand its presence in foods. J. 

Food. Prot. 40: 486-489. 



9 1  

LEE, W H ;  VANDERZANT, C and STERN, N ( 198 1) :  The occurrence of Yersinia 
enterocolitica in foods. In: Bottone, E J, ed. Yersinia enterocolitica. CRC Press Inc., 

Boca Reton, Fla. 1981 : 1 6 1 - 1 7 1 .  

LEE, L A; GERBER, A R ;  LONSWAY, D R ;  SMITH, J D ;  CARTER, G P; PUHR, H 

D; PARRISH, C M; SIKES, R K; FINTON, R J and TAUXE, R V  ( 1 990) : 

Yersinia enterocolitica 0:3 infections in infants and children, associated with the 

household preparation of chitterlings. N. Engl. J. Med. 322: 984-987. 

LEISTNER, J ;  HECHELMANN, H; KASHIWAZAKI, M and ALBERTZ, R ( 1975):  

Nachweis von Yersinia enterocolitica in feces und fleisch von Schweinen, Rindem und 

Geflugel. Fleischwirtschaft 55: 1 599- 1 602. 

LELLO, J M and LENNON, D ( 1992) : Yersinia arthritis versus acute rheumatic fever in a 

boy. N.Z. Med. J. 105: 12-13 .  

LIAN, C J and PAl, C K ( 1985) :Inhibition of human neutrophil chemiluminescence by 

plasmid-mediated outer membrane proteins of Yersinia enterocolitica. Infect. Immun. 
49: 1 45 - 1 5 1 .  

LI, Q ;  DISANTO, M E  and MA GEE, W E  ( 1992): A rapid methcx:l for detection of Yersinia 
enterocolitica serotype 0:3 in pig feces using monoclonal antibodies. Vet. Microbiol. 

32:29-4 1 .  

LOMBIN, L H ;  ADESIYUN, A R ;  AGBONLAHOR, D E and KWAGA, J K P 

( 1985):Isolation of Yersinia species from pigs in Nigeria. Vet. Rec. 117:  364. 

MACKINTOSH, C G ( 1 992): A review of Yersiniosis in farmed red deer in New Zealand. In 

Brown, R D (ed.) "The Biology of the Deer", Springer-Verlag N. Y. Inc.: 1 26- 1 29. 

MACKINTOSH, C G and HENDERSON, T G ( 1984a) : The epidemiology of yersiniosis in 
deer. N.Z. Vet. Assoc. Deer Branch Course 1 :34-42. 

MACKINTOSH, C G and HENDERSON, T G (1984b) : Potential wildlife sources of 

Yersinia pseudotuberculosis for farmed red deer. (Cervus elaphus). N.Z. Vet. J. 32: 
208-2 10. 

MACKINTOSH, C G (1993): Vaccine against yersiniosis in deer. Surveillance 20:25. 

MAIR, N S ( 1975):  In "Disease transmitted from animals to man". Ed. Hubbert, W T; 

McCulloch, W F and Schrunnenberger, P R, Springfield, Illinois: Charles C 

Thomas: 1 74- 1 85 .  

MAIR, N S and FOX, E ( 1986): Yersiniosis. Public Health Lab Service, London. 

MAIR, N S ;  FOX, E and THAL, E ( 1 979): Biochemical, pathogenicity and toxicity studies 
of type Ill strains of Yersinia enterocolitica isolated from the cecal contents of pigs. 

Contrib. Microbiol. Immunol. 5: 359-365. 



92 

MAIR, N S ;  MAIR, H J; STIRK, E M  and CORSOA, J G ( 1960) : Three cases of acute 

mesenteric lymphadenitis due to Pasteurella pseudotuberculosis. J. Oin. Pathol. 13: 
432-439. 

MALPASS, C P ( 1981 ) :  Mesenteric lymphadenitis due to Yersinia pseudotuberculosis: A 

Case Report. N. Z. Med. J. 93: 423-424. 

MARRIOTT, D J  E; TAYLOR, S and DORMAN, D C  (1 985) : Yersinia enterocolitica 
infection in children. Med. J. Aust. 143:489-492. 

MARRIOTT, D J  E ( l987):Yersinia enterocolitica infection in children in New South Wales. 

Contrib. Micro bioi. Immunol. 9:98-l 02. 

MARKS, M I ;  PAl, C H; LAFLEUR, L; LACKMAN, L and HAMMERBERG, 0 
( 1 980) :  Yersinia enterocolitica gastroenteritis: a prospective study of clinical, 

bacteriologic and epidemiologic features. J. Pediatr. 96: 26-3 1 .  

MARUYAMA, T; ONE, T AND ZEN-YOJI, H ( 1978): Observations on the correlation 
between pathogenicity and serovars of Yersinia enterocolitica by the assay applying 

cell culture system and experimental mouse infection. In Contrib. Microbiol. 

Immunol. 5: 3 1 7-328. 

MARUY AMA, T ( 1 987) :  Yersinia enterocolitica infection in humans and isolation of the 

microorganism from pigs in Japan. Contrib. Microbiol. Immunol. Base!, Karger. 9: 

43-55.  

MASSHOFF, W ( 1 953) :  Eine neuartige Form der mesenterialen Lymphadenitis. Deutsch. 

Med. Wochenschr. 78:532-535. 

MASSHOFF, W and DOLLE, W ( 1953):  Uber eine besondere Form der sog. Mesenterialen 

Lymphadenopathie: "Die abscedierende reticulocytare Lymphadenitis." Virchows 

Arch. Pathol. Anat. 323: 664-684. 

MCCARTHY, M D and FENWICK, S G ( 1990) : Experiences with the diagnosis of 

Yersinia enterocolitica- an emerging gastrointestinal pathogen in the Auckland area, 

1987�89. N.Z.J. Med. Lab Science 45: 19-22. 

MCSPORRAN, K D; HANSEN, L M; SAUNDERS, B W and DAMSTEEGT, A ( 1984) : 
An outbreak of diarrhoea in hoggets associated with infection of Yersinia 

enterocolitica. N.Z. Vet. J. 32: 38-39. 

MELBY, K; SLORDAHL, S ;  GUTTERBERG, T J and NORDBO, S A ( 1982): 

Septicaemia due to Yersinia enterocolitica after oral overdose of iron. Br. Med. J. 

285: 467-468 .  

MELHMAN, I J;  AULISIO, C C  G and SANDERS, A C ( 1978): Problems in the recovery 

and identification of Yersinia from food. J. Assoc. Off. Anal. Chem. 61: 761-77 1 .  

METHOCK, B ;  LONSWAY, D R ;  CARTER, G P; LEE, LISA A and MCGOWAN, J 

R J E ( 1 99 1) :  Yersinia enterocolitica: A frequent seasonal stool isolate from children 

at an urban hospital in the South East United States. J. Clin. Microbiol. 29: 2868-
2869. 



93 

MILLER, V L; FINLAY, B B  and FALKOW, S ( 1988): Factors essential for penetration of 

mammalian cells by Yersinia. Curr. Top. Microbiol. Immunol. 138: 1 5-39. 

MILLER, V L; FARMER Ill, J J;  HILL, W E  and FALKOW, S ( 1989): The ail locus is 

found uniquely in Yersinia enterocolitica serotypes commonly associated with disease. 

Infect. Immun. 57: 1 2 1 - 1 3 1 .  

MINGRONE, M G ;  FANTASIA, M ;  FIGURA, N and GUGLIEMETTI, P ( 1987): 

Characteristics of Yersinia enterocolitica isolated from children with diarrhoea in 

Italy. J, Clin.  Microbiol. 25: 1 30 1 - 1 305 . 

MOLLARET, H H ( 1965): Le Laboratoire dous le diagnostic d' infection humaine a bacille de 

Malassez et Vignal. Gazette Medical de France 72: 3457-3476. 

MOLLARET, H H ( 1972):Un domaine pathologique nouveau: !'infection a Yersinia 
enterocolitica. Annales de Biologie Clinique 30: 1 -6. 

MOLLARET, H H; BERCOVIER, H and ALONSO, J M ( 1 979): Summary of the data 

received at the WHO Reference Centre for Yersinia enterocolitica. Contrib. 

Microbiol. 5: 17 4- 1 84. 

MOLLEE, T and TILSE, M ( 1985): Yersinia enterocolitica. Isolation from faeces of adult 

and children in Queensland. Med. J. Aust. 143 :488-489. 

MORITA, M; NAKAMATSU, M and GOTO, M ( 1968) : Pathological studies on 

pseudotuberculosis redenticurn Ill. Spontaneous Swine Cases. Jpn. J. Vet. Sci. 30: 

233-239. 

MORRIS ,  G K and FEELEY, J C ( 1976): Yersinia enterocolitica: A review of its role in 

food hygiene. Bull, World Health Organ. 54: 79-85. 

MORSE, D L; SHAYEGANI, M and GALLO, R J ( 1 984): Epidemiologic investigations of 

a Yersinia outbreak linked to a food handler. Am. J. Public Health 74: 5 89-592. 

NAKAJIMA, H; INOUE, M; MORI, T; ITOH, K I ;  ARAKAWA, E and WATANABE, 

H ( 1 992): Detection and identification of Yersinia pseudotuberculosis and pathogenic 

Yersinia enterocolitica by an improved polymerase chain reaction. J. Oin. 

Microbiol •• 30: 2484-2486. 

NARUCKA, U and WESTENDOORP, J F (1977) : Studies for the presence of Yersinia 
enterocolitica and Yersinia pseudotuberculosis in clinically normal pigs. Tijd.schr. 

Diergen 102: p 299. 

NESBAKKEN, T ( 1 988): Enumeration of Yersinia enterocolitica 0:3 from the porcine oral 

cavity, and its occurrence on cut surfaces of pig carcasses and the environment in a 

slaughterhouse. Int. J. Food. Microbiol. 6: 287-293. 

NESBAKKEN, T and KAPPERUD, G ( 1985): Yersinia enterocolitica and Yersinia 
enterocolitica-like bacteria in Norwegian slaughter pigs. lnt. J. Food. Microbiol. 1 :  

301 -309. 



94 

NESBAKKEN, T; NERBRINK, E; ROTTERUD 0-J and BORCH, E ( 1994); Reduction 
of Yersinia enterocolitica and Listeria spp. on pig carcasses by enclosure of the 

recrum during slaughter. Int. J. Food Microbiol. 23: 197-208. 

NIELSEN, B; HEISEL C and WINGSTRAND, B ( 1996): Time course of the serological 

response to Yersinia enterocolitica 0:3 in experimentally infected pigs. Vet. 

Microbiol. 48:293-303. 

NILEHN, B ( 1969) : Studies on Yersinia enterocolitica. Growth on various solid media at 37 

oc and 25 oc. Acta. Path. Microbiol. Scand. 77: 685-697. 

NILEHN, B ( 1973) : The relationship of incubation temperature to serum bacterial effect. 

Pathogenicity and in vivo survival of Yersinia enterocolitica. Contrib. Microbiol. 

Immunol., Yersinia, Pasteurella and Francisella, Basel, Karger. 2: 85-92. 

NOBLE, M A; BARTELUK, R L; FREEMAN, H J et al. ( 1987) :  Clinical significance of 

virulence-related assay of Yersinia species . . Clin. Microbiol. 25: 802-807. 

NORBERG, P ( 1981 ) :  Enteropathogenic bacteria in a frozen chicken. Appl. Environ. 

Microbiol. 42: 32-34. 

OBWOLO, M J ( 1 976): A review of Yersiniosis (Yersinia pseudotuberculosis infection). 
Vet. Bull. 46: 1 67- 1 7 1 .  

OBWOLO, M J ( 1 980) : The pathogenesis of Yersiniosis. In The Comparative Pathology of 

Zoo Animals. Montali R J and Migaki C Eds. Symposium of the National 

Zoological Park, Smithsonian Institute Press. Washington, D.C. 

OKOROAKOR, E; ADESIYUN, A A and AGBONHALOR (1988): Prevalence and 

characteristics of Yersinia enterocolitica strains isolated from pigs in Jos, Nigeria B r. 

Vet. J. 244: 1 3 1 - 138 .  

OLSOVSKY, Z; OLSAKOVA, V; CHOBOT, S and SVIRIDOV, V ( 1975): Mass 

occurrence of Yersinia enterocolitica in two establishments of collective care of 

children. J. Hyg. Epid. Microbiol. Immunol. 19: 22-29. 

ORR, M; CRAIGHEAD, L and CAMERON, S ( 1987) :  Yersiniosis outbreak in goat 

weanlings. Surveillance 14: 10- 1 1 .  

ORR, M ( 1995) : Animal Health Laboratory Network. A review of diagnostic cases. April
June 1995 . Surveillance 22:37 

OSTROFF, S M; KAPPERUD, G; LASSEN, J;  AASEN, S and TAUXE, R V  ( 1 992): 

Clinical features of sporadic Yersinia enterocolitica infections in Norway. J. Infect. 

Dis. 166: 8 1 2-817. 

OSTROFF, S M ;  KAPPERUD, G; HUTW AGNER, L C; NESBAKKEN, T;  BEAN, N 

H; LASSEN, J and TAUXE, R V (1994) : Sources of sporadic Yersinia 
enterocolitica infections in Norway: a prospective case-control study. Epidemiol. 

Infect. 1 12: 1 3  3- 141 .  



95 

OSTROFF, S M (1995):Yersinia as an emerging infection:epidemiologic aspects of 

yersiniosis. In Contrib. Microbiol. Immunol. 13:5-10. 

OTSUKI, K; TSUBOKURA, M ;  ITAGAKI, K; HIRAI, K and NIGI, H (1 973) : Isolation 

of Yersinia enterocolitica from monkeys and deer. Jpn. J. Vet. Sci. 35:447-448.  

PAFF, J R; TRIPLETT, D A and SAARI, T N ( 1976) : Clinical and laboratory aspects of 

Yersinia pseudotuberculosis infections with a report of two cases. Am. J, Clin. 

Pathol. 66: l 0 1-1 10. 

PAl, C H; MORS, V and TOMA, S ( 1 978) : Prevalence of enterotoxigenicity in human and 

nonhuman isolates of Yersinia enterocolitica. Infect Immun. 22: 334-338. 

PAl, C H and DE STEPHANO L (1 982) : Serum resistance associated with virulence in 

Yersinia enterocolitica. Infect Immun. 35:605-6 1 1 . 

PAl, C H  and MORS, V ( 1978) : Production of enterotoxin by Yersinia enterocolitica. Infect 

lmmun. 19:908-91 1 .  

PALUMBO, S A (1 986) : Is refrigeration enough to restrain foodbome pathogens ? J .  Food 

Protect 49: 1 004- 1 005. 

PAPAGEORGES, M; HIGGINS, R and GOSSELIN, Y ( 1 983) : Yersinia enterocolitica 
enteritis in two dogs. J, Am. Vet. Med. Assn. 102:6 1 8-620. 

PARSONS, R ( 1 99 1) :  Pseudotuberculosis at the Zoological Society of London (198 1 - 1 987). 

Vet Rec. 128: 1 30- 1 32 . 

PEDERSEN, K B ( 1976) : Isolation of Yersinia enterocolitica from Danish swine and dogs. 

Acta. Path. Microbiol. Scand. Sect. B 84: 3 1 7-3 1 8 . 

PEDERSEN, K B ( 1979) : Occurrence of Yersinia enterocolitica in the throats of swine. 

Contrib. Microbiol. Immunol. Basel, Karger. 5: 253-256. 

PERRY, R D and BRUBAKER, R R (1979) : Accumulation of iron by yersiniae. J. 

Bacteriol. 137 : 1290- 1 298.  

PRENTICE, M B; COPE, D and SW ANN, R A (199 1) :  The epidemiology of Yersinia 
enterocolitica infection in the British Isles 1 983-1988.  Contrib. Microbiol. Immunol. 

12: 1 7-23. 

PRPIC, J K; ROBINS-BROWNE, R M and DAVEY, R B ( 1983) : Differentiation between 

virulent and avirulent Yersinia enterocolitica isolates by using Congo Red agar. J, 

Clin. Microbiol. 18: 486-490. 

PRPIC, J K ;  ROBINS-BROWNE, R M and DAVEY, R B (1985): In vitro assessment of  

virulence in Yersinia enterocolitica and related species. J. Clin. Microbiol. 22: 1 05-

1 10. 

QUAN, T J; MEEK, J L ;  TSUCHIYA, K R; HUDSON, B W and BARNES, A M 

( 1974): Experimental pathogenicity of recent North American Yersinia enterocolitica 
isolates. J. Infect Dis. 129: 341-344. 



96 

QUINN, P J; CARTER, M E; MARKEY, B K and CARTER, G R ( 1 994): 
Enterobacteriaceae. In Clin. Vet Microbiol. pp 234-236. 

RABSON, A R; KOORNHOF, H J; NOTMAN, J and MAXWELL, V G ( 1972): 

Hepatosplenic abscesses due to Yersinia enterocolitica. Br. Med. J, 4: 34 1 .  

RAKOVSKY, J ;  PAUCKOVA, V and ALDOVA, E ( 1973) :  Human Yersinia 
enterocolitica infection in Czechoslovakia. Contrib. Microbiol. Immunol. 2:93-98. 

RANDALL, K J and MAIR , N S ( 1962) : Family outbreak of Pasteurella 
pseudotuberculosis infection. Lancet i pp 1 042- 1 043. 

RASMUSSEN, H N; RASMUSSEN, 0 F; CHRISTENSENN, H and OLSEN, J E 
(1995) : Detection of Yersinia enterocolitica 0:3 in faecal samples and tonsil swabs 

from pigs using IMS and PCR. J. Appl. Bacteriol. 78:563-568.  

RATNAM, S ;  LOOI, C L  and PATEL, T R ( 1 983): Lack of efficacy of alkali treatment for 

isolation of Yersinia enterocolitica from feces. J. Clin. Micro bioi. 18: 1 092- 1 097. 

RILEY, G and TOMA, S (1 989) : Detection of pathogenic Yersinia enterocolitica by using 
Congo red-magnesium oxalate agar medium. J, Clin. Microbiol. 27: 2 1 3-214. 

ROBINS-BROWNE, R M; PRPIC, J K and STUART, S J (1987) : Yersiniae and Iron. A 
study in host-parasite relationships. Contrib. Microbiol. Immunol. 9:254-25 8 .  

ROBINS-BROWNE, R M ( 1989) : Yersinia enterocolitica. In Farthing, M J G and 
Keutsch, T G (ed.), Enteric infection mechanisms, manifestations and 
management. Chapman and Hall, London: pp 337-349. 

ROBINS-BROWNE, R M ( 1992):  Yersinia enterocolitica. An overview. In Zoonosis, 
Proceedings, Univ. of Sydney 194: 69-74. 

ROBINS-BROWNE, R M and HARTLAND, E ( 1 991) :  Yersinia enterocolitica: a germ for 

all Seasons. Todays Life Sci. 11:  34-38. 

ROSE, B S ( 1976) : Familial reactive artluitis of Reiter' s  and ankylosing spondylitis types in 
the HLA-27 genotype. N.Z. Med. J, 83: 1 07- 109. 

RUSU, V; ST. LUCINESCU, T; STANESCU, C; TOTESCU, E and MUSCAN, A 
( 1 973): Clinical and epidemiological aspects of the human Yersinia enterocolitica 
infection in Romania In Contrib. Microbiol. Immunol 2: 1 26-127. 

SAARI, T N and TRIPLETT, D A (1974) : Yersinia pseudotuberculosis mesenteric adenitis. 

J, Pedriatr. 85: 656.  

SAARI, T N and JANSEN, G P  ( 1979): Waterborne Yersinia enterocolitica in the Midwest 

United States. In Contrib. Microbiol. Immunol. 5: 1 85- 196 . 



97 

SAI KI, R K; GELFAND, D H; STOFFEL, S; SCHARF, S J; HIGUCID, R; HORN, G 
T; MULLIS, K B and ERLICH, H A ( 1988) :  Primer directed enzymatic 

amplification of DNA with a thermostable DNA polymerase. Science 239:487-49 1 .  

SAMADI, A R ;  W ACHSMUTH, K; HUQ, M L; MAHBUB, M and AGBONLAHOR, D 
E ( 1 982): An attempt to detect Yersinia enterocolitica infection in Dacca, Bangladesh. 

Trop. Geogr. Med. 34: 15 1 - 1 54. 

SANBE, K; UCHIYAMA, M; KOIWAI, K TAKAGI, K; YASAKI, H; NANAYAMA,Y 
and OHTAWARA, M ( 1 987): Community outbreak of Yersinia enterocolitica 
occurring in primary school children. J. Jpn. Assoc. Infect. Dis. 61:763-77 1 .  

S ATO, K (1987) : Yersinia pseudotuberculosis infection in children. Clinical manifestations 

and epidemiology. Contrib. Micro bioi. Immunol. 9: 1 1 1 - 1 1 6. 

SCHIEMANN, D A ( 1 978) : Isolation of Yersinia enterocolitica from surface and well 

waters in Ontario. Can. J. Microbiol. 24: 1 048- 1052. 

SCHIEMANN, D A ( 1981 ) :  An enterotoxin-negative strain of Yersinia enterocolitica 
serotype 0:3 is capable of producing diarrhoea in mice. Infect. Immun. 32: 571 -574. 

SCHIEMANN, D A ( 1 988): The pathogenicity of Yersinia enterocolitica for piglets.Can. J. 
Vet. Res. 52: 325-330. 

SCHIEMANN, D A (1 989) : Yersinia enterocolitica and Yersinia pseudotuberculosis. In: 
Doyle, M P  ed., Foodborne bacterial pathogens. Marcel Dekker, Inc., New York: 
pp 601 -672. 

SCHIEMANN, D A and TOMA, S ( 1 978): Isolation of Yersinia enterocolitica from raw 

milk. Appl. Environ. Microbiol. 35:54-58 . 

SCHIEMANN, D A and DEVENISH, J A ( 1 980) :  Virulence of Yersinia enterocolitica 
determined by lethality in Mongolian gerbils and by the Sereny test. Infect. Immun. 

29:500-506. 

S CHIEMANN, D A and FLEMING, C A ( 198 1 ) :  Yersinia enterocolitica isolated from 

throats of swine in Eastern and Western Canada. Can. J. Micro bioi. 27: 1 326- 1 333 .  

SCHIEMANN, D A and DEVENISH, J A ( 1981 ) :  Relationship of Hela cell infectivity to 

virulence in Yersinia enterocolitica. Abstracts of the Annual Meeting of the 
American Society for Microbiology B54 23. .. 

SCHIEMANN, D A ( 1983): Comparison of enrichment and plating media for recovery of 

virulent strains of Yersinia enterocolitica from inoculated beef stew. J. Food Protect. 
46:957-964. 

SCRIBNER, R K; MARKS, M I ;  WEBER , A and PAl, C H ( l982) :Yersinia 

enterocolitica: Comparative in vitro activities of seven new �-lactam antibiotics. 

Antimicrob. Agents Chemother. 22: 140- 141 .  



98 

SEEL YE, R J and YEARBURY, B J ( 1 979):Isolation of Yersinia enterocolitica-resembling 

organisms and Alteromonas putrefaciens from vacuum-packed chilled beef cuts . J. 

Appl. Bacteriol. 46:493-499. 

SERENY, B ( 1 955):Experimental Shigella keratoconjunctivitis. Acta Microbiol. Acad. Sci. 
Hung. 2:293-296. 

SHAYEGANI, M; DeFORGE, I; McGLYNN, D M and ROOT, T ( 198 l ) :Characterisation 
of Yersinia enterocolitica and related species isolated from human, animal and 

environmental sources. J. Clin. Microbiol. 14: 304-3 1 2. 

SHAYEGANI, M;  MORSE, D; DeFORGE, I; ROOT, T; PARSONS, L M and 
MAUPIN, P (1982) : Foodborne outbreaks of Yersinia enterocolitica in Sullivan 

County, New York. with pathogenicity studies of the isolates. Bacteriol. Proc. C-175. 

SHAYEGANI, M and PARSONS, L M ( 1 987) :  Epidemiology and pathogenicity of Yersinia 
enterocolitica in New York State. Contrib Microbiol. Immunol. Basel, Karger, Vel. 

9:41-47. 

SHIOZAWA, K; HAYASHI, K; AKIYAMA, M; NISHINA, T;  NAKATSUGAWA, S ;  
FUKUSIDMA, H and ASAKA WA, Y ( 1988): Virulence of Yersinia enterocolitica 
biotype 3B and 4, serotype 0:3 isolates from pork samples and humans. Contrib. 
Microbiol. Irnmunol. Basel, Karger, Vol. 9: 30-40. 

SHIOZAWA, K; HAYASHI, K; AKIYAMA, M; NISHINA, T; NAKATSUGAWA, S ;  
FUKUSIDMA, H and ASAKAWA, Y ( 1988) :  Virulence of Yersinia 
pseudotuberculosis isolated from pork and the throats of swine. Appl. Environ. 
Microbiol. 54: 8 1 8-821 .  

SHIOZAWA, K;  NISIDNA, T ;  MIWA, Y; MORI, T ;  AKAHANE, S and ITO, K ( 1 99 1 ) :  
Colonisation in the tonsil of swine b y  Yersinia enterocolitica. Une, T ;  Maruyama, T; 

Tsubokura, M (eds.) Current Investigations of the Microbiology of Yersiniae. In 
Contrib. Microbiol. Irnmunol. Basel, Karger, Vol. 12:63-67. 

SHMILOVITZ, M and KRETZER, B ( 1 978): Isolates of Yersinia enterocolitica from 

clinical cases in Northern Israel. J. Med Sci. 14: 1048-1055. 

SHU, D;  SIMPSON, H V; XU, R J; MELLOR, D J; REYNOLDS, G W; ALLEY, M R; 
FENWICK, S G and MARSHALL, R B ( 1 995) : Experimental infection of newborn 

piglets with Yersinia enterocolitica: An animal model of enteritis. N. Z. Vet. J. 
43:50-56. 

SKURNIK, M ( 1 985) :Expression of antigens encoded by the virulence plasmid of Yersinia 
enterocolitica under different growth conditions. Infect. Irnrnun. 47: 1 8 3-190. 

SLEE, K J and BUTTON, C (1990) : Enteritis in sheep, goats and pigs due to Yersinia 
pseudotuberculosis infection. Aust. Vet. J. 67: 320-322. 

SNYDER, J D; CHRISTENSON, E and FELDMAN, R A (1982): Human Yersinia 
enterocolitica infections in Wisconsin: Clinical, laboratory and epidemiologic features. 

Am. J. Med. 72:768-774. 



99 

SOMOV, G P  and MARTINEVSKY, I L ( 1973): New facts about pseudotuberculosis in the 

USSR. Contrib. Microbiol. Immunol. Base!, Karger, 2: 2 14-2 1 6. 

SONNENWIRTH, A C and WEAVER, R G ( 1 970) : Yersinia enterocolitica, letter to the 

editor. N. Eng. J. Med. 283: 1468 .  

STANFIELD, J T;  JACKSON, G J and AULISIO, C C  G ( 1985) : Yersinia enterocolitica: 
Survival of a pathogenic strain on milk containers. J. Food Protect 48:947-948. 

STEELE T W and MC DERMOTT, S N (1979) : Enterocolitis due to Yersinia 
enterocolitica in South Australia. Pathol. 11 :67-70. 

STERN, N J and PIERSON, M D ( l979) :Yersinia enterocolitica: A review of the 

psychrotrophic water and foodborne pathogen. J. Food Sci. 44: 1736- 1742. 

STERN, N J; PIERSON, M D and KOTULA, A W (1980) : Effects of pH and sodium 

chloride on Yersinia enterocolitica growth at room and refrigeration temperatures. J. 

Food Sci. 45: 64-67. 

SWA MINATHAN, B; HARMON, M C and MEHLMAN, I J ( 1 982) :  Yersinia 
enterocolitica. J. Appl. Bacteriol. 52: 15 1 - 1 83.  

SZITA, J and SVIDRO, A ( 1976) : A five year survey of human Yersinia enterocolitica 

infections in Hungary. Acta Microbiologica Academiae Scientiarum Hungaricae 
27: 103-1 10. 

SZITA, J ;  KALI, M and REDEY, B ( 1973) : Incidence of Yersinia enterocolitica infection 

in Hungary. Contrib. Microbiol. Immunol. Base!, Karger 2: 106 . 

SZITA, J ;  SVIDRO, A; KUBUNYI, M; NYOMSRKAY, I and MIHALYFI, I ( 1980) : 

Yersinia enterocolitica infection of animals and human contacts. Acta. Microbiol. 

Acad. Sci. Hung. 27: 103- 1 09.  

TACKET, C 0; NARAIN, J P; SATTIN, R; LOFGREN, J P; KONIGSBERG, C Jr; 
RENTOSFF, R C; RAUSA, A; DAVIS, B R and COHEN, M L ( 1984) : A 
multistate outbreak of infection caused by Yersinia enterocolitica transmitted by 

pasteurized milk. J. Am. Med. Assoc. 251 :483-486. 

TACKET, C 0; BALLARD, J;  HARRIS, N; ALLARD, J; NOLAN, C; QUAN, T and 
COHEN, M L ( 1985): An outbreak of Yersinia enterocolitica infections caused by 

contaminated tofu (soy bean curd). Am. J. Epidemiol. 121: 705-7 1 1 . 

TAYLOR, P W ( 1983) : Bactericidal and bacteriolytic activity of serum against Gram

negative bacteria. Microbiol. Rev. 47:46-83. 

TA YLOR, D J ( 1 992): Infection with Yersinia. In Diseases of Swine. Iowa State University 
Press: pp 639-64 1 .  

TERTTI, R ;  GRANFORS, K; LEHTONEN, 0 P ;  MERTZOLA, J ;  MAKELA, L ;  
VALIMAKI, I ;  HANNISEN, P and TOIVANEN, A (1984) : An outbreak of 

pseudotuberculosis infection. J. Infect. Dis. 149:245-250. 



100 

TERTTI, R; VUENTO, R; MIKKOLA, P; GRANFORS, K; MAKELA, L · and 
TOIVANEN, A ( 1989) : Clinical manifestations of Yersinia pseudotuberculosis 
infection in children. Eur. J. Clin. Microbiol. Infect Dis. 8:587-59 1 .  

THAL, E (1 978): The identification of Yersinia pseudotuberculosis. Chapter 1 1 . In Methods 
in Microbiology, Norris, J R Ed. l2, Academic Press, London. 

TOIVANEN, P; TOIV ANEN A; OLKKONEN, L and AANTAA, S ( 1973):Hospital 
outbreak of Yersinia enterocolitica infection. Lancet 1: 801-803. 

TOMA, S ( 197 3):Survey on the incidence of Yersinia enterocolitica in the Province of 

Ontario. Can. J. Pub. Health 64:477-487. 

TOMA, S and DEIDRICK, V R ( 1975): Isolation of Yersinia enterocolitica from swine. J. 
Clin. Microbiol. 2: 478-48 1 .  

TROEGER, K ( 1994): Evaluating hygiene risks during slaughtering. Fleischwirtsch. 74:624-
626. 

TSUBOKURA, K; ITAGAKI, K and KAWAMURA, K ( 1970): Studies on Yersinia 
(Pasteurella) pseudotuberculosis, I. Sources and serological classification of the 
organism isolated in Japan. Jpn. J. Vet. Sci. 32: 227-233.  

TSUBOKURA, K; OTSUKI, K; and ITAGAKI, K ( 1973) : Studies on Yersinia 
enterocolitica I. Isolation of Y. enterocolitica from swine. Jpn. J. Vet. Sci. 35: 4 19-
424. 

TSUBOKURA, K; FUKUDA T; OTSUKI, K;  KUBOTA, M; ITAGAKI, K and 
TANAMUCID, S ( 1975) :  Isolation of Yersinia enterocolitica from some animals and 
meats. Jpn. J. Vet. Sci. 37:213-215. 

TSTJBOKURA, K; FUKUDA, T; OTSUKI, K;  KUBOTA, M and ITAGAKI, K (1976a): 
Studies on Yersinia enterocolitica 11. Relationship between detections from swine and 
seasonal incidence, and regional distribution of the organism. J pn. J. Vet. Sci. 38: 1 -6. 

TSUBOKURA, K; OTSUKI, K; FUKUDA, T; KUBOTA, M; IMAMURA, M; 
ITAGAKI, K; TAMAOKA, K and WAKATSUKI, M ( 1976b) : Studies on 
Yersinia pseudotuberculosis N. Isolation of Y. pseudotuberculosis from healthy 
swine. Jpn. J. Vet. Sci. 38: 549-552. 

TSUBOKURA, M; OTSUKI, K; YOSHIOKA, Y and MARUY AMA, T ( 1984): 
Characterization and pathogenicity of Yersinia pseudotuberculosis from swine and 
other animals. J. Clin. Microbiol. 19:754-756. 

ULYATT, D B; MAY, S J and LANG, R ( 1 991 ) :  Yersinia enterocolitica infected blood. 

N.Z. Med. J. 104:431 .  

URSING, J; BRENNER, D J; BERCOVIER, H ;  FANNING, G R; S TEIGERWALLT, 
A G; BRAULT, J and MOLLARET, H H ( 1980) :Yersinia fredericksenii: A new 

species of Enterobacteriaceae composed of rhamnose-positive strains (formerly called 

atypical Yersinia enterocolitica-like). Curr. Microbiol. 4:21 3-217.  



101 

V AN DAMME, L R; V ANDEPITTE, J; PlOT, P and VAN DICK, E ( 1978) : Isolation of 

Yersinia enterocolitica serotype 0:3 from captive monkeys and domestic pigs in Zaire. 

Annales de la Societe Beige de Medecine Tropicale 58: 341 -345. 

V ANDEPITTE, J; V AN NOYEN, R and ISABAERT A ( 1970): Yersinia enterocolitica: its 

incidence in patients with infectious diarrhoea. A report of 1 00 cases. Proceedings of 
the 51h International Congress on Infectious Diseases, Vienna 3: 1 19-1 23.  

V ANDEPITTE, J and WAUTERS, G ( 1 979): Epidemiological and clinical aspects of 

human Yersinia enterocolitica infections in Belgium. In Contr. Microbiol. lmmunol. 
Basel, Karger 5: 1 50- 158.  

VANDEPITTE, J;  WAUTERS, G and ISEBAETT, A ( 1973): Epidemiology of Yersinia 
enterocolitica infections in Belgium. Contr. Microbiol. Immunol., Yersinia, 
Pasteurella and Francisella Basel, Karger 2: 1 1 1 - 1 19 .  

VAN KOOIJ, J A and DE BOER, E ( 1 985): A survey of the microbiological quality of 

commercial tofu in the Netherlands. Int. J, Food Microbiol. 2: 349-354. 

VAN NOYEN, R; SELDERSLAGHS, R; WAUTERS, G and VANDEPITTE, J ( 1 978a): 
Comparative epidemiology of Yersinia enterocolitica and related species in patients 

and healthy controls. Contr. Micro bioi. Immunol. Basel, Karger 9: 6 1 -67. 

VAN NOYEN, R; SELDERSLAGHS, R; WAUTERS, G and VANDEPITTE, J ( 1 978b): 

Optimal recovery of Yersinia enterocolitica 0:3 and 0:9 from stools of patients with 

intestinal disorders. Contr. Microbiol. Immunol. Basel, Karger 9: 272-278.  

VAN NOYEN, R; SELDERSLAGHS, R; WAUTERS, G and VANDEPITTE, J ( 1981 ) :  

Yersinia enterocolitica: Its isolation by cold enrichment from patients and healthy 

subjects. J. Clin. Pathol. 34: 1 052- 1056. 

V AN NO YEN, R; SELDERSLAGHS, R; BOGAERTS, A; VERHAEGEN, J and 
WAUTERS, G ( 1995) : Yersinia pseudotuberculosis in stool from patients in a 

regional Belgian hospital. In Contrib. Microbiol. Immunol. 13: 1 9-24. 

VANTRAPPEN, G; GEBOES, K and PONETTE, E ( 1982) :  Yersinia enteritis. Med. 
Clins. N. Am. 86: 639-653 .  

VERHAEGEN, J;  DANESA, L;  LEMMENS P;  et al .  ( 199 1 )  Yersinia enterocolitica 
surveillance in Belgium ( 1 979- 1989). Contrib. Microbiol. Immunol. 12: 1 7-23. 

WACHSMUTH, K; KAY, A B  and BIRKNESS, K A ( 1984): Diagnostic value of plasmid 

analyses and assays for virulence in Yersinia enterocolitica. Diag. Microbiol. Infect. 
Dis. 2: 21 9-228. 

WALKER, S J and GILMOUR, A ( 1986):The incidence of Yersinia enterocolitica and 

Yersinia enterocolitica-like bacteria in goats milk in Northern Ireland. J. Appl. 
Bactreriol. 61: 1 33-1 38. 

W ALLENTIN LINBERG, C and BORCH, E (1993) : Prediciting aerobic growth of 

Yersinia enterocolitica 0:3 at different pH-values, temperatures and L-lactate 

concentrations using conductance measurements. Int. J, Food Microbiol. 22: 141-153.  



102 

WARNKEN, M B ;  NUNES, M P  and NOLETO, A L S (1987) : Incidence of Yersinia 
enterocolitica in meat samples purchased in Rio de Janeiro, Brazil. J. Food Protect 

50: 579-583.  

WAUTERS, G ( 1970): Contibution a !'etude de Yersinia enterocolitica. Louvain, Belgium: 
These Vander. 

WAUTERS, G and POHL, P ( 1 972) :  Infection experimentale de pores par Yersinia 
enterocolitica. Revue.Ferment ind. Aliment 7: 16. 

WAUTERS, G ( 1 973) : Improved methods for the isolation and the recognition of Yersinia 
enterocolitica. Contrib. Microbiol. Immunol. Basel, Karger. 2: 68-70. 

WAUTERS, G ( 1979) : Carriage of Yersinia enterocolitica serotype 03 by pigs as a source of 

human infection. Contrib. Microbiol. Immunol. Basel, Karger Vol. 5: pp 249-252. 

WAUTERS, G ( 1981) :  Antigens of Yersinia enterocolitica. In Bottone, E J, ed. Contrib. 
Microbiol. Immunol. Basel, Karger. 2: 68-70. Yersinia enterocolitica CRC Press, 
Inc. Boca Raton, Fla.: pp 4 1 -53.  

WAUTERS, G;  GOOSENS, V; JANSSENS, M and VANDEPITTE, J ( 1 988):  New 

enrichment method for isolation of pathogenic Yersinia enterocolitica serogroup 0:3 
from pork. Appl. Environ. Microbiol. 54: 84 1 -854. 

WAUTERS, G and JANSSENS, M ( 1 976) : Carriage of Y. emerocolitica by slaughter pigs, 

2. Search for Y. enterocolitica in pig-tongues from butcher's shop. Med. Mal. Infect 
6: 5 1 7-5 19.  

WAUTERS, G; JANSSENS, M; STEIGERWALT, A G and BRENNER, D J  ( 1988b): 
Yersinia mollaretti sp. nov. Qlld Yersinia bercovieri sp. nov., formerly called Yersinia 
enterocolitica biogroups 3A and 3B. lnt. J. Syst Bact 38: 424-429. 

WAUTERS, G;  KANDOLO, K and JANSSENS, M ( 1 987) :  Revised biogrouping scheme 

of Yersinia enterocolitica. Contrib. Microbiol. Immunol. 9: 14-21 .  

WEAGANT, D ( 1983):  Medium for presumptive identification of Yersinia enterocolitica. 
Appl. Environ. Microbiol. 45: 472-473 .  

WEAVER, R E and JORDAN, J G ( 1 973): Recent human isolates of Yersinia 
enterocolitica in the United States. In Contr. Microbiol. Immunol., Yersinia, 
Pasteurella and Francisella. Basel, Karger 2: 120- 1 25 .  

WEBER, A and KNAPP, W ( 198 1) :  Seasonal isolation of Yersinia enterocolitica and 

Yersinia pseudotuberculosis from tonsils of healthy slaughter pigs. Zbl. Bakt Hyg. I .  
Ab t  Orig. A 250: 78-83. 

WEBER, A and LEMBKE, C ( 1980): Occurrence of human pathogenic Yersinia 
enterocolitica and Yersinia pseudotuberculosis in slaughter pigs and cattle. World 
Cong. Foodborne Inf. lntox. (Proceedings): pp 582-585. 



103 

WEISSFELD, A S  and SONNENWIRTH, A C (1982) :  Rapid isolation of Yersinia spp. 

from faeces. J. Clin. Microbiol. 15:508-5 1 0. 

WETZLER, T F and HUBBERT, W T ( 1968) : Yersinia enterocolitica in North America. 

Symposium Series on Immunological Standardization 9: 343-356. 

WILKINSON, T J; COLLS, B M; CHAMBERS, S T et al. ( 1 991) :Blood transfusion 

acquired Yersinia enterocolitica sepsis: two cases. N. Z. Med. J. 104: 1 2 1 .  

WILSON, H D ;  MC CORMICK and FEELEY, J C ( 1 976) : Yersinia enterocolitica 
infection in a 4-month old infant associated with infection in a household dog. J. 
Pedia. 89:767-769. 

WILSON, P R  ( 1984) : Disease of farmed deer. Deer Refresher Course, Post Grad. Comm. 
Vet Sci. Sydney University, Proc. 72: 505-530. 

WINBLAD, S; NILEHN, B and STANLEY, N H ( l 966) : Yersinia enterocolitica 
(Pasteurella X) in human enteric infections. Br. Med. J. 2: 1 363-1 366. 

WINBLAD, S ( 1973) : The clinical panorama of human Yersinia enterocolitica. Contrib. 
Microbiol. Immunol., Yersinia, Pasteurella and Francisella, 2: 1 29-1 32. 

WORLD HEALTH ORGANISATION (198 1 ) :  Yersiniosis: Report on a WHO meeting, 

Paris .  WHO Regional Office for Europe, Copenhagen. Euro Reports and Studies 
60: 3 1 .  

WORLD HEALTH ORGANISATION ( 1987): Report of the round table conference on 

Veterinary public health aspects of Yersinia enterocolitica, Orvierto 1 985:  WHO 
Collaborative Centre for Research and Training in Veterinary Public Health, 
Instituto Superiore di Sanit, Rome: p 30. 

WOOLEY, R E; SHOTTS, E B Jr and MC CONNEL, J W ( 1 980): Isolation of Yersinia 
enterocolitica from selected animal species. Am. J. Vet Res. 41 : 1 667- 1 668 .  

WREN, B W and TABAQCHALI, S ( 1 990) : Detection of  pathogenic Yersinia 
enterocolitica by the polymerase chain reaction. Lancet 336: 693.  

WRIGHT, J; FENWICK, S G and MCCARTHY M D (1995):Yersiniosis: an emerging 

problem in New Zealand. N. Z. Public Health Report 2:65-66. 

YANAGAWA, Y; MARUYAMA, T and SAKAI, S ( 1 978) : Isolation of Yersinia 
enterocolitica and Yersinia pseudotuberculosis from apparently healthy dogs and cats. 

Microbiol. Immunol. 22:643-646. 

ZAREMBA, M and BOROWSKI ( 1983):Yersinia pseudotuberculosis in man in Poland. 

Contrib. Microbiol. Immunol. 2: 21 7-22 1 .  

ZEN-YOJI, H and MARUY AMA, T ( 1972): The first successful isolation and identification 

of Yersinia enterocolitica in Japan. Jpn. J. Microbiol. 17:220-222. 



104 

ZEN-YOJI, H; SAKAI, S; MARUY AMA, T and YANAGA WA, Y (1974): Isolation of 

Yersinia enterocolitica and Yersinia pseudotuberculosis from swine, cattle and rats at 
an abattoir. Jpn. J. Microbiol. 18: 103- 105 .  

ZEN-YOJI, H ( 198 1 ) :  Epidemiologic aspects of yersmiOsts in Japan. In Yersinia 

enterocolitica Bottone, E J Ed. CRC Press, Boca Raton pp. 205-206. 

ZHENG, H B ( 1987) : Isolation of Yersinia enterocolitica from the feces of diarrhoeic swine. 

J. Appl. Bacterial. 62: 521-526. 

ZINK, D L; FEELEY, J G; VANDERZAMT, C; VICKERY, J C; ROOF, W D and 
O'DONOVAN, G A ( 1980) : Plasmid-mediated tissue invasiveness in Yersinia 
enterocolitica. Nature (London) 283: 224-226. 




